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PREFACE. 


My  object  in  the  following  pages  is  to  present  to  the 
stud^t  an  account  of  the  general  principles  and  facts 
of  Chemistry,  and  of  its  applications  to  pharmacy,  to 
medicine,  and  to  the  useful  arts. 

In  the  arrangement  of  a  work,  like  the  present,  if 
the  general  principles  of  the  science  are  first  described, 
it  b  impossible  to  avoid  the  difficulty  of  introducing  the 
names  of  many  substances  with  whose  history  the  reader 
cannot  be  supposed  conversant ;  and  by  entering  in  the 
commencement  on  the  description  of  individual  sub- 
stances, reference  to  the  principles  of  affinity  and  the 
laws  of  constitution  is  continually  necessary  in  order 
that  the  reactions  of  these  bodies  may  be  understood. 
In  both  cases  the  student  is  liable  to  some  embarrass- 
ment, but  I  believe  it  to  be  greater  in  the  latter,  and 
hence,  I  have  adopted  the  plan  of  fully  describing  all 
the  general  principles  and  laws  of  chemical  action,  be- 
fore entering  on  the  description  of  the  chemical  sub- 
stances in  detail. 
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Chemistry  being  itself  but  a  department  of  natural 
philosophy,  although  the  most  extensive  in  its  objects 
and  the  most  important  in  its  uses,  it  is  connected  so 
intimately  with  the  other  branches  of  physics,  that  a 
knowledge  of  at  least  their  general  principles  is  ne- 
cessary for  the  proper  understanding  of  the  nature  of 
chemical  phenomena.  I  have,  consequently,  embraced 
within  the  design  of  the  present  work,  a  description  of 
the  physical  properties  of  bodies,  so  far  as  they  serve  to 
complete  their  chemical  history,  or  influence  their  che- 
mical relations ;  and  thus,  upon  the  one  hand,  supply 
characters  by  which  chemical  substances  may  be  recog- 
mzed,  and,  upon  the  other,  modify  the  affinities  by 
which  the  action  of  chemical  substances  upon  each 
other  is  determined.  With  this  two-fold  object  the 
chapters  on  cohesion,  light,  heat,  and  electricity,  have 
been  drawn  up. 

The  portion  of  the  work  which  treats  of  the  general 
laws  of  chemical  combination,  is  followed  by  an  account 
of  the  mode  of  preparation  and  properties  of  all  inor- 
ganic substances  of  interest  to  science,  to  medicine,  or 
to  the  arts.  But,  in  this  part,  I  will  pass  over  very 
briefly  the  history  of  numerous  bodies  which  from  their 
rarity  are  objects  only  of  scientific  curiosity,  referring 
those  who  would  wish  to  study  their  history  more  closely 
to  the  extended  works  of  Thompson,  of  Graham,  of 
Dumas,  or  of  Berzelius. 
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In  the  department  of  organic  chemistry  my  object 
will  be  fully  to  discuss  the  history  of  all  such  bodies  as 
are  of  importance,  from  their  bearing  upon  general 
principles  or  existing  theories^  from  their  use  in  medi- 
cine or  pharmacy,  their  employment  in  the  arts  or  in 
ordinary  life.  The  numerous  series  of  bodies  which 
are  every  day  discovered  in  organic  chemistry,  but 
which  do  not  come  under  any  of  the  above  heads,  shall 
be  dismissed  with  only  a  notice  of  their  existence. 

The  relations  of  chemical  action  to  the  functions  of 
organized  matter,  the  applications  of  chemistry  to  phy« 
siology  and  to  pathology,  will  be  treated  of  so  far  as 
our  accurate  knowledge  extends,  and,  finally,  a  succinct 
description  of  the  mode  of  analysis  of  organic  and  inor- 
ganic bodies  will  be  given.' 

As  this  work  is  not  intended  to  be  a  complete 
system  of  chemistry,  nor  to  satisfy  the  wants  of  those 
who  wish  to  make  chemistry  their  special  study,  I  have 
in  ahnost  all  cases  avoided  references  or  quotati<ms, 
which  would  needlessly  occupy  much  space;  for,  in  the 
krger  works  already  mentioned,  the  original  authorities 
on  all  subjects  will  be  found. 

The  object  of  a  work,  like  the  present,  being  to 
represent  faithfully  the  general  aspect  and  extent  of 
science  at  the  time  of  publication,  its  details  must  be  in 
great  part  founded  on  the  results  of  others.  Hence, 
originality  cannot  in  any  great  degree  be  either  ex- 
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pected  or  desired ;  but  I  have  not  hesitated  in  many 
instances,  where  the  best  consideration  I  could  give  the 
subject  induced  me  to  dissent  from  views  generally 
held,  to  make  this  work  the  vehicle,  in  a  popular  form, 
of  such  suggestions,  as,  I  thought,  deserved  to  be 
adopted. 

The  processes  given,  for  the  preparation  of  the  vari- 
ous substances  described,  are,  with  very  few  exceptions, 
those  followed  either  in  my  private  laboratory,  or  in  the 
manufacturing  laboratory  of  the  Apothecaries'  Hall  of 
Ireland ;  and  the  apparatus  figured  in  the  wood-cuts  are 
generally  similar  to  those  which  I  employ  in  experi- 
ments of  research  or  at  lecture. 


The  reader  is  requested  to  correot  the  following  errors  of  the  press,  which  have 
been  discovered : — 

Page  86,  first  line,  for  Ql,  rtad  ^ 

Same  page,  last  line  but  one,  /or  155493,  rtoA  155  X  493. 

In  page  102,  last  line  but  i^o,for  31,  read  3*1. 

In  page  105,  first  and  second  lines,  for  104,  31  and  54,  read  10*4.  3*1  and  5-4. 

In  page  248,  line  ten, /or  other  two  metals,  read  other  metals. 
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CHEMISTRY. 


The  science  of  chemistry  has  its  origin  in  the  principle^  that 
the  bodies  which  constitute  the  external  world  are  com* 
posed  of  a  variety  of  elements^  united  according  to  certain 
laws.  If  we  could  conceive  an  universe  consisting  only  of  iron^ 
or  quicksilver,  or  sulphur,  the  objects  of  the  astronomer 
might  still  remain  as  extensive  and  as  sublime  as  they  are 
in  the  actual  state  of  things ;  for  in  tracing  the  constitution 
of  planetary  and  satellitic  systems,  or  reducing  to  precise 
laws  the  forces  by  which  the  motions  of  the  heavenly  bodies 
might  be  produced,  all  the  resources  of  his  science  should 
still  be  brought  into  play.     In  like  manner  the  physical 
sciences  could  attain  perfection,  for  the  relations  of  these 
bodies  to  heat,  to  light,  to  electricity,  the  various  problems 
and  laws  of  statical  and  dynamical  forces,  could  have  been 
known,  and  thus  all  that  is  essential  to  the  science  of  na« 
tural  philosophy  might  be  attained.     But  not  even  an  idea 
of  chemistry  could  have  been  formed.     The  duty  of  che- 
mistry is  to  find  the  constituent  elementary  substances,  which 
by  uniting  form  the  various  compound  bodies  which  we  ob- 
serve; to  ascertain  the  nature  of  the  forces  by  which  they 
unite,  and  the  laws  by  which  their  union  or  separation  may 
be  regulated ;  to  trace  the  effects  of  their  mutual  action,  in 
the  properties  of  the  new  substances  formed  by  their  com- 
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bination,  and  in  the  phenomena,  independent  of  composition, 
which  accompany  the  exertion  of  chemical  force. 

This  object  of  chemistry  has  been  at  all  periods  fully 
recognized ;  for  the  earliest  philosophers,  even  before  the 
science  had  received  a  name,  considered  its  objects  as  well 
defined  in  the  arrangement  of  the  elements  of  fire,  air, 
earth,  and  water.  When  the  methods  of  chemistry,  and 
the  reasonings  to  which  they  led,  acquired  a  better  form, 
these  elements,  which  had  been  assumed  from  speculations 
in  natural  history  and  metaphysics,  gave  way  to  others,  as 
sulphur,  spirit,  salt,  oil,  and  earth,  equally  incorrect,  but 
still,  those,  which,  in  the  rough  trials  of  the  period,  were 
obtained  by  decomposing  compound  bodies.  As  more  accu- 
rate ideas  and  better  processes  were  acquired,  these  elemen- 
tary principles  changed  again  their  character,  until  finally 
the  philosophical  idea  of  chemistry  was  clearly  stated  and 
established  by  Lavoisier;  1st,  that  we  study  to  resolve  the 
various  compound  bodies  found  in  nature  into  others  which 
resist  our  power,  and  which  we  term  utulecompounded  or  sim- 
ple substances,  without  pretending  that  they  are  elements,  for 
the  advance  of  science  enables  us  to  decompose,  in  each  gene- 
ration, bodies  which  to  our  own  predecessors  had  appeared 
simple.;  Snd,  that  we  study  to  effect  the  recombination  of 
those  simple  bodies,  either  in  the  same  proportions,  and 
thus  regenerate  the  natural  compound  bodies,  or  in  new 
proportions,  and  thus  add  to  the  catalogue  of  bodies  which 
may  exist  in  nature. 

Of  these  two  operations,  the  first,  or  separation  of  a  com- 
pound body  into  the  simple  substances  which  constitute  it, 
is  termed  analysis.  The  second,  or  combination  of  simple 
to  form  a  compound  substance,  is  called  synthesis.  All 
chemical  processes  are  conducted  upon  the  principle  of  one 
or  other  of  these  two,  and  occasionally  they  are  both,  suc- 
cessively or  synchronously,  accomplished. 

The  objects  of  chemistry  cannot,  however,  be  considered 
as  limited  to  the  mere  abstract  study  of  the  laws  of  elemen- 
tary composition;  to  it  also  belongs  the  improvement  of 
processes  in  the  useful  arts  by  the  more  accurate  knowledge 
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of  their  theory,  which  chemistry  confers,  and  the  invention 
of  new  processes  or  of  new  arts,  by  the  application  or  dis- 
covery of  substances  previously  neglected  or  unknown ;  the 
alleviation  of  disease,  by  new  remedies  which  may  be  placed 
at  the  command  of  the  physician,  or  by  more  correct  ideas 
of  the  origin  and  results  of  morbid  action,  to  which  the  atten- 
tive study  of  the  chemical  processes  of  the  great  laboratory 
of  the  human  frame  may  ultimately  lead,  ranks  also  among 
the  most  important  of  its  applications ;  and  although  an  ab- 
stract science,  which  reveals  some  of  the  most  beautiful  of 
nature's  laws,  deserves  our  best  attention ;  yet  it  becomes 
invested  with  more,  general  interest,  and  commands  more 
universal  homage  when,  as  with  chemistry,  it  appears  to  be 
the  basis  of  those  practical  arts,  on  which  so  much  of  heakh, 
of  national  prosperity,  and  of  civilization  may  depend. 

The  origin  or  derivation  of  the  word  chemistry  is  unknown. 
It  was  first  found  as  xw^^^f  indicating  the  art  of  making 
gold  and  silver  among  the  Egyptians  and  Greeks  of  the 
empire,  at  the  commencement  of  that  extraordinary  perver- 
sion of  the  idea  of  elementary  constitution  which  fascinated 
mankind  for  nearly  five  hundred  years.  From  the  Greeks 
it  was  naturally  adopted,  with  the  vain  pursuit  which  it  de* 
noted,  by  the  Arabians,  and  passing  with  the  Arabic  prefix 
into  the  languages  of  modern  Europe,  bec*ame  alchemy. 
When  the  just  objects  and  powers  of  the  science  were  finally 
recognized,  it  was  termed  cfiemia  or  chemistry. 

In  studying  those  properties  of  the  different  kinds  of 
matter  by  which  they  are  recognized  to  be  distinct  and  in- 
dependent chemical  substances,  it  is  unavoidable  to  include 
those  qualities  which,  although  common  to  all  forms  of  mat- 
ter, yet  differ  in  degree,  among  the  difierent  kinds,  and  thus 
serve  as  distinguishing  characteristics  of  them.  The  phy- 
sical properties  of  various  t)odies  are  hence  in  common  use 
among  chemists  as  serving  to  perfect  their  description,  and 
indeed  the  limit  between  properly  physical  and  properly 
chemical  properties  of  substances  is  not  always  capable  of 
being  distinctly  drawn. 

b2 


CHAPTER  I. 

OF    GRAVITY    AND    COHESIVE     FORCES    AS   CHARACTER- 
IZING   CHEMICAL    SUBSTANCES. 

The  physical  forces  which  are  of  most  importance  in  deter- 
mining the  characteristic  properties  of  bodies  are  gravity 
and  cohesion.  These  differ,  however,  remarkably  in  prin- 
ciple from  each  other,  and  are  applied  to  quite  independent 
purposes.  Gravity  is  common  to  all  forms  of  matter,  and  is 
totally  independent  of  its  nature.  It  is  exerted  at  all,  even 
the  greatest  conceivable,  distances,  and  is  the  invisible  yet 
insuperable  tie,  which  connecting  together  the  satellites 
and  planets  of  our  system  with  the  central  sun,  assigns  to 
each  of  the  tenants  of  our  boundless  skies  its  place  and 
motions.  Acting  thus  only  on  the  mass,  gravity  is  a  measure 
of  the  quantity  of  matter  present  in  a  body ;  and  what  we 
term  weight  is  only  the  gravitating  force  exerted  by  the 
substance  which  we  weigh.  By  no  natural  operation  can 
the  smallest  particle  of  matter  be  annihilated  or  destroyed ; 
throughout  the  most  complicated  processes  the  quantity  of 
matter  remains  constant,  and  hence  we  are  enabled  to  verify 
the  accuracy  of  our  chemical  operations,  by  proving  the 
weight  of  the  bodies  ultimately  formed,  to  be  equal  to  the 
weight  of  the  substances  by  whose  action  they  have  been 
produced. 

Under  the  same  volume  different  bodies  have  very  dif- 
ferent weights,  and  hence  contain  different  quantities  of 
matter.  Bodies  are  said  to  be  more  or  less  dense  according 
as  in  a  given  bulk  they  contain  a  greater  or  less  quantity  of 
gravitating  matter,  and  when  a  certain  body  is  taken  as  a 
standard,  and  their  density  reduced  to  numbers,  there  is  ob- 
tained the  specific  gravity  of  each  body,  or  the  comparative 
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quantity  of  matter  it  contains  in  a  given  bulky  which  being 
almost  always  the  same,  for  the  same  body,  is  an  important 
element  in  its  history,  and  may  often  serve  for  its  recognition. 
The  determination  of  specific   gravities  is  easily  per- 
formed where  the  volume  of  the  substance  can  be  exactly 
measured.      Thus  for  liquids,  as  water,   oil  of  vitriol,  or 
alcohol;  if  a  small  bottle  be  taken  containing  an  ounce  of 
water,  or  480  grains,  it  will  contain  843  grains  of  sulphuric 
ether,  or  885  grains  of  sulphuric  acid.    Now  the  densities  will 
be  as  these  numbers ;  or  water  being  taken  as  the  standard, 
and  its  specific  gravity  being  assumed  at  1000,  the  specific 
gravities  of  the  others  become  proportional  to  it ;  as: — 
Water,     .     .    480  :  1000 
Ether,       .     .     343  :     715 
Sulphuric  acid,  885  :  1845  v 
To  save  this  little  calculation  the  bottle  in  use  is  generally 
made  to  hold  1000  grains  of  pure  water,  and  then  filling  it 
with  the  fluid  to  be  tried,  the  weight  gives  directly  the  spe« 
cific  gravity* 

Where  the  substance  exists  naturally  in  the  state  of  gas, 
a  precisely  similar  process  may  be  had  recourse  to;  in  place 
of  a  bottle  with  a  ground  glass  stopper,  there  is  used  a  globe, 
g,  with  a  stop  cock,  capable  of  holding  from  twenty  to  thirty 

cubic  inches.  A  quantity  of  air 
having  been  removed  from  the 
globe,  the  gas,  which  must  pre- 
viously be  either  perfectly  dried 
or  perfectly  saturated  with  mois- 
ture, is  admitted  to  supply  its 
place,  and  as  the  volume  of  gas 
which  passes  in  is  exactly  equal 
to  the  volume  of  air  which  had 
been  taken  out,  the  relative  weights  give  their  densities,  and 
hence  the  specific  gravity  of  the  gas.  For  suppose  that  the 
globe  full  of  air  weighed  656  grains ;  that  having  been  ex- 
hausted of  air  it  weighed  647*5,  and  then  having  received  ^8 
cubic  inches  of  carbonic  acid  gas  it  weighed  660*3  grains.  We 
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thus  know  that  the  28  cubic  inches  of  air  had  weighed  8*5 

grains,  and  that  28  cubic  inches  of  the  gas  had  weighed  12*8, 

hence  the  densities  are  as  8*5  to  12'8,  and  the  specific  gravity 

12*8 
of  the  gas,  air  being  taken  as  1000,  is  -^7-  X  1000=  1-506. 

This  brief  description  being  intended  only  to  explain  the 
principle  which  the  words  "specific  gravity"  involve,  it  has 
been  considered  as  not  liable  |x)  alteration ;  but  in  reality  the 
volumes  of  bodies,  particularly  of  gases,  are  constantly  in  a 
state  of  change.  According  as  the  air  is  warmer  or  colder ; 
according  as  the  pressure  to  which  i(  is  subjected,  as  indi- 
cated by  the  barometer,  diminishes  or  augments,  the  volume 
which  a  certain  weight  occupies,  is  altered,  and  the  specific 
gravity  is  changed.  Hence,  when  we  take  air  as  a  standard 
of  specific  gravities  for  gases,  we  do  so  only  with  reference 
to  a  certain  standard  of  temperature  and  pressure,  as  at  S2 
on  the  scale  of  Fahrenheit*s  thermometer,  and  at  30  inches 
of  mercury  in  the  barometer  tube*  It  is  only  by  accident 
that  an  experiment  might  happen  to  be  made  at  this  standard 
temperature  and  pressure,  and  hence  it  is  necessary  to  re- 
duce the  observed  result  to  what  the  result  should  have  been 
at  the  standard  points.  If  the  gas  be  damp  it  is  necessary  also 
to  correct  for  the  presence  of  the  watery  vapour,  and  hence 
the  determination  of  the  specific  gravity  of  a  gas,  although  so 
simple  in  theory,  is  in  practice  a  most  delicate  operation. 
Under  the  proper  heads  of  the  constitution  of  gases  and 
vapours,  with  regard  to  heat  and  pressure,  the  mode  of 
making  these  corrections  will  be  described. 

The  determination  of  the  specific  gravity  of  a  solid  body 
involves  in  practice  some  principles  in  addition  to  those 
above  stated.  We  cannot  regulate  the  bulk  of  a  solid  body 
as  we  wish,  and  hence  the  volume  must  be  determined  indi- 
rectly. This  is  done  by  finding  how  much  water  it  displaces. 
Thus,  if  the  solid  be  in  many  small  fragments,  weighing  alto- 
gether, for  example,  357  grains,  they  may  be  introduced 
into  a  specific  gravity  bottle  containing  1000  grains  of  water. 
A  quantity  of  water  overflows  exactly  equal  in  bulk  to  the 
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solid  which  is  introduced.     The  bottle  being  full,  the  solid 

body  and  the  remaining  water  are  then  found  to  weigh  IS85 

grains.    Now,  if  no  water  had  been  expelled,  the  water  and 

solid  body  should  have  weighed  1357  grains.  The  difference 

72  is  the  weight  of  the  water  expelled,  and  consequently  the 

weights  of  equal  volumes,  or  the  densities  of  the  water  and 

of  the  soBd  are  as  72  and  357,  or,  the  specific  gravity  of  the 

357 
water  being  taken  as  1000,  that  of  the  solid  is  -^  X  1000  or 

4958.  If  the  solid  be  unsuited  for  that  method,  its  volume 
is  next  determined  by .  the  principle  that  a  solid  body  im- 
mersed in  a  fluid  is  partly  supported  by  the  upward  pres- 
sure of  the  liquid  which  it  displaces.  The  solid,  in  order  to 
sink  in  the  liquid,  has  to  displace  and  push  upwards  a  quan- 
tity of  it  equal  to  its  own  bulk,  and  to  resist  its  weight  or 
tendency  to  sink  down  again ;  for  this  purpose  a  portion  of 
the  weight  of  the  solid  must  be  employed,  and  it  is  only  the 
overplus  that  is  counterpoised  by  the  weights,  when  we  pro- 
*  ceed  to  weigh  the  solid  body  immersed  in  any  fluid.  A  solid 
weighs,  therefore,  less  when  immersed  in  a  fluid  than  when 
weighed  in  the  ordinary  manner,  the  difference  being  the 
portionof  the  weight  of  the  solid  which  is  employed  to  sink 
it,  or  to  resist  the  force  of  the  liquid  which  tends  to  float  it 
up,  and  this  is  equal  to  the  weight  of  the  liquid  which  the 
solid  pushes  out  of  its  place,  and  which  is  of  the  same  vo- 
lume as  the  solid.     To  effect  this  operation  a  balance,  as  in 


the  %ure,  is  taken  generally  with  one  scale  dish.  The 
solid  is  hung  to  the  other  extremity  of  the  beam  by  a  fine 
hair  or  thread  of  cocoon-silk,  6,  and  is  thus  weighed  as  usual ; 
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let  US  suppose  that  it  weighed  295  grains.  A  vessel  of  pure 
water  is  then  so  arranged  that  the  solid  shall  be  immersed  as 
nearly  as  possible  in  the  centre  of  it,  (as  a  in  figure^)  and  it^ 
being  then  again  weighed,  is  found  to  be  lighter  than  before; 
let  us  suppose  that  it  shall  weigh  243  grains.  This  is  the  over- 
plus of  its  weight  after  having  neutralized  the  tendency  of  the 
water  to  float  it  up.  The  difference  of  the  two  weighings 
295  —  2ASz=.52  grains  is  therefore  the  amount  of  the  upward 
pressure  or  the  weight  of  the  water  which  the  solid  dis- 
placed. Equal  volumes  thus  of  the  solid  and  of  the  water 
are  found  to  weigh  respectively  295  and  52  grains,  and  the 
comparison  of  these  numbers,  water  being  taken  as  1000, 

295 
gives  the  specific  gravity  of  the  solid  which  is-To"  X  1000 

=  6673. 

A  variety  of  other  instruments  are  made  use  of  for  mea^ 
suring  the  specific  gravities  of  solids  and  of  fluids,  as  areo- 
meters, hydrometers,  &c.;  but  as  here  it  is  rather  the  general 
principles,  than  the  practical  details  of  such  operations,  that* 
are  of  importance,  I  shall  not  enter  Into  their  description. 

The  specific  gravity  of  compound  gases  are  found  to 
have  a  highly  important  relation  to  their  ultimate  constitu- 
tion,  and  throw  great  light  upon  some  of  the  most  general 
laws  of  chemistry,  but  as  yet,  notwithstanding  some  inte- 
resting speculations  of  Perzoz  and  of  Boullay  which  I  shall 
hereafter  notice,  no  connexion  between  the  chemical  pro- 
perties or  composition  of  liquid  or  solid  bodies  and  their 
specific  gravities  has  been  discovered.  The  physical  consti- 
tution of  vapours  and  gases  being,  however,  identical,  those 
bodies  which,  being  volatile,  are  capable  of  assuming  the 
form  of  vapour,  may  render,  by  the  examination  of  the  spe- 
cific gravities  of  their  vapours,  most  interesting  indications 
of  the  manner  in  which  their  elements  are  combined,  and 
methods  of  performing  this  operation  have  been  contrived 
by  some  of  the  most  iUustrious  of  chemists,  as  by  Dumas 
and  by  Gay  Lussac. 

The  method  of  Gay  Lussac  is  the  simpler  of  the  two,  and| 
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tor  substances  which  are  volatilized  at  moderate  temperaturesi 
easily  applied.  A  basin^  c,  is  taken,  which  rests 
upon  a  little  Airnace,  and  contains  mercury.  In  this 
basin  the  graduated  bell  glass^  a,  is  inverted  full 
of  mercury.  Let  us  suppose  we  wish  to  determine 
the  specific  gravity  of  vapour  of  water.  One  or  two 
little  bulbs  are  taken  and  filled  with  water  as  fol- 
lows: the  bulb  is  warmed  with  a  lamp,  and  allowed 
to  cool  with  the  point  dipped  into  the  water ;  in 
this  manner  a  little  water  gets  admission ;  this  is  then 
boiled  in  the  bulb  until  all  air  has  been  expelled^  and 
the  bulb  is  filled  with  pure  steam ;  the  point  being  then  dip- 
ped under  the  surface  of  the  water,  as  the  steam  condenses,  the 
water  rushes  up  to  supply  its  place,  and  the  whole  becomes 
fuH ;  the  point  being  then  touched  to  the  flame  of  a  lamp, 
it  is  melted,  and  the  orifice  is  closed.  A  small  quantity,  three 
or  four  grains,  of  water,  being  thus  enclosed,  the  little  bulbs 
are  passed  under  the  edge  of  the  jar,  a,  and  rise  to  the  top, 
where  they  float  upon  the  mercury;  a  glass  cylinder,  b,  open 
at  both  ends,  is  now  placed  round  the  jar  resting  on  and 
secured  to  the  dish,  c,  and  into  it  is  poured  so  much  colour- 
less oil  as  shall  completely  cover  the  jar,  a,  but  allow  of  the 
graduation  being  distinctly  seen;  the  furnace  is  then  lighted, 
and  as  the  temperature  of  the  oil  and  mercury  rises,  the  water 
in  thelittle  bulbs  forms  steam,  which  at  last  bursts  the  bulbs, 
and  the  level  of  the  quicksilver  in  the  jar  immediately  falls, 
the  steam  occupying  the  space  above  it.  When  the  mercury 
ceases  to  descend  it  is  known  that  all  liquid  has  been  con- 
verted into  vapour ;  the  temperature  of  the  oil,  which  is  ne- 
cessarily the  same  as  that  of  the  vapour  inside,  is  ascertained, 
and  by  the  graduation  on  the  jar  the  volume  occupied  by  the 
vapour  is  accurately  read  off;  the  weight  of  the  vapour  is 
known,  for  it  is  the  weight  of  the  water  in  the  bulbs,  and  its 
volume  at  this  high  temperature  is  thus  found.  Knowing 
thus  the  volume  of  a  few  grains  of  steam  at  SSO',  the  volume 
at  32?  may  be  calculated,  and  as  the  volume  of  so  many  grains 
of  air  at  32?  is  already  known,  the  specific  gravity  of  the  va- 
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pour  of  water  is  obtained.     The  temperature  of  the  oil  musi; 
be  at  least  thirty  or  forty  degrees  above  the  boiling  point  of 
the  liquid,  and  hence  it  is  likely  to  become  coloured,  to 
fume,  or  even  to  risk  taking  fire  unless  great  caution   is 
employed. 

The  method  invented  by  Dumas  has  the  advantage  of 
being  applicable  to  all  temperatures  below  the  melting  point 
of  glass,  and  it  is  consequently  by  its  application,  that  the 
greatest  benefit  has  been  conferred  on  science.  It  is,  how- 
ever, more  complex  in  principle,  though  less  delicate  in  prac- 
tice. A  globe  holding  from  ten  to  fifteen  cubic  inches,  and 
drawn  out  at  its  beak  to  a  capillary  orifice,  is  carefully 
weighed,  containing  as  usual  atmospheric  air.  It  is  then 
warmed,  and  its  beak  being  dipped  into  the  fluid  to  be  tried, 
it  is  allowed  to  cool,  until  by  the  contraction  of  the  air  a 
sufiicient  quantity  of  the  fluid  has  made  its  way  in.  The 
globe  is  then  fitted  in  a  sort  of  cage,  by  which  it  is  securely 
held  in  the  centre  of  the  liquid  bath,  by  which  the  heat  is  to 
be  applied,  and  which  may  be  water,  or  oil,  a  solution  of 
chloride  of  zinc,  or  best  of  all,  the  fusible  alloy  of  bismuth, 
tin,  and  lead.  The  capillary  beak  of  the  tube  just  projects 
over  the  surface  of  the  bath,  as  in  the  figure.    When  the 


globe  becomes  sufliciently  heated,  the  liquid  boils,  and  its 
vapour,  in  passing  away,  carries  off  the  air  which  had  pre- 
viously filled  the  globe.  The  liquid  should  be  present  in 
such  quantity  that  its  vapour,  after  carrying  off  all  air,  should 
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occupy  the  interior. of  the  globe  completely  pure.  The  ex- 
cess of  vapour  is  known  to  have  passed  away  when  there  is 
no  longer  a  jet  proceeding  from  the  capillary  beak,  and  then 
by  means  of  a  blowpipe  the  orifice  is  closed,  and  the  tem- 
perature of  the  bath  being  taken  at  the  same  momenti  the 
globe  is  removed  from  the  bath,  perfectly  cleaned  and 
weighed.  The  liquid  condensing  as  soon  as  the  globe  grows 
cold,  leaves  its  interior  practically  empty,  and  on  breaking 
off  the  capillary  beak  under  the  surface  of  quicksilver,  this 
last  enters  into  the  vessel,  and  if  the  operation  had  been  well 
managed,  fills  it  completely.  The  globe,  fiill  of  quicksilver, 
is  then  -emptied  into  a  graduated  jar,  by  which  the  quantity 
of  the  quicksilver  being  measured,  the  volume  of  the  globe  . 
is  known ;  when  this  has  been  done,  aU  requisites  for  cal- 
culating the  specific  gravity  of  the  vapour  have  been  ob- 
tained. For,  knowing  the  volume  of  the  globe,  the  weight  of 
the  air  it  contained  is  known,  and  subtracting  that  from  the 
first  weighing  of  the  globe,  the  weight  of  the  globe  wAen 
empty  is  obtained.  Subtracting  this  from  the  second  weigh- 
ing of  the  globe  the  weight  of  the  vapour  is  obtained,  and  as 
the  air  and  vapour  occupied  the  same  volume,  the  densities 
should  be  as  these  weights,  if  they  had  been  at  the  same 
temperature ;  but,  as  this  was  not  the  case,  a  further  calcu- 
lation is  reqiiired  to  reduce  them  to  the  standard,  and  obtain 
the  numerical  specific  gravities. 

No  process  has  been  more  fruitful  in  important  results, 
than  this  mode  of  determining  the  specific  gravity  of  vapours, 
for  it  is  only  in  this  way  that  such  substances  as  sulphur, 
arsenic,  phosphorus  and  mercury|  as  well  as  numerous  com* 
pound  bodies  with  high  boiling  points,  could  have  been 
tried. 

The  force  of  gravity  is  thus  of  importance  in  chemistry, 
by  giving  a  measure  of  the  quantity  of  matter  upon  which 
we  experiment,  and  by  affording  characteristics  of  individual 
substances,  by  the  comparison  of  the  quantity  of  matter  they 
possess  in  a  standard  volume.  The  force  of  cohesion^  al- 
though not  so  universally  existant  as  that  of  gravity,  is  of 
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equal  interest  from  the  numerous  peculiarities  in  its  activity^ 
which  almost  every  body  is  capable  of  presenting,  and  by 
which  bodies  are  remarkably  distinguished  from  each  other. 
To  understand,  however,  the  nature  of  cohesive  forces,  and 
the  causes  of  the  variation  of  their  energy,  it  is  necessary  to 
notice  those  ideas  of  the  peculiar  constitution  of  matter^ 
on  which  philosophers  have  generally  agreed,  and  which  re- 
sult from,  whOst  they  best  serve  to  explain  those  remarkable 
phenomena. 

From  the  earliest  period  in  science,  discussions  have 
arisen,  as  to  whether  the  masses  of  matter  which  we  ordinarily 
employ,  should  be  considered  as  capable  of  infinite 'division, 
or  whether,  by  continuing  to  divide,  a  term  should  ultimately 
be  found,  at  which  no  further  subdivision  could  be  made ; 
that  thus,  the  ultimate  constituent  and  indivisible  particles, 
or  atoms,  which,  by  their  aggregation,  form  sensible  masses, 
should  be  discovered.  By  no  appeal  to  experiment  can 
this  question  be  resolved ;  when  we  call  in  the  assistance 
of  our  most  powerful  means  of  mechanical  division,  we 
attain  only  to  producing  powders,  of  which  the  finest  par- 
ticle is,  in  miniature,  all  that  the  mass  from  which  it  had 
been  formed  was  upon  a  larger  scale,  and  capable  evidently 
of  just  as  much  subdivision,  if  our  mechanical  processes  were 
perfect  enough  to  enable  us  to  proceed. 

That  this  divisibility  may  actually  occur  to  an  almost  in- 
credible degree,  may  be  easily  demonstrated  by  experiment. 
In  gilding  silver  wire  a  grain  of  gold  is  spread  over  a  surface  of 
1400  square  inches;  and  as,  when  examined  in  a  microscope, 
the  gold  upon  the  thousandth  of  a  linear  inch,  or  one  mil- 
lioneth  of  a  square  inch  is  distinctly  visible,  it  is  proved  that 

gold  may  be  divided  into  particles  of  at  least  ,  ^^^^^^^^^^ 

of  a  square  inch  in  size,  and  yet  possess  the  colour  and  all 
other  characters  of  the  largest  mass.  If  a  grain  of  copper  be 
dissolved  in  nitric  acid,  and  then  in  water  of  ammonia,  it  will 
give  a  decided  violet  colour  to  392  cubic  inches  of  water. 
Even  supposing,  that  each  portion  of  the  liquor  of  the  size 
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of  a  grain  of  sand,  and  of  which  there  are  a  million  in  a  cubic 
inch,  contains  only  one  particle  of  copper,  the  grain  must 
have  divided  itself  into  392  million  parts.  A  single  drop  of 
a  strong  solution  of  indigo,  wherein  at  least  500*000  distinctly 
visible  portions  can  be  shown,  colours  lOOO  cubic  inches  of 
vrater,  and  as  this  mass  of  water  contains  certainly  500*000 
times  the  bulk  of  the  drop  of  indigo  solution,  the  particles  of 

the  indigo  must  be  smaller  than  ^5oo.qoO'000*&BO  *^  '^^"^y* 
five  hundred  millioneth  of  a  cubic  inch.  A  rather  more  dis- 
tinct experiment  is  the  following :  if  we  dissolve  a  fragment 
of  silver,  of  0*01  of  a  cubic  Une  in  size,  in  nitric  acid,  it  will 
render  distinctly  milky  500  cubic  inches  of  a  clear  solution  of 
common  salt.  Hence  the  magnitude  of  each  particle  of  silver 
cannot  exceed,  but  must  rather  fall  far  short  of  a  billioneth 
of  a  cubic  line.  To  render  the  idea  of  this  degree  of  division 
more  distinct  than  the  mere  mention  of  so  imperfectly  con- 
ceivable a  number  as  a  billion  could  effect,  it  may  be  added, 
that  a  man,  to  reckon  with  a  watch,  counting  day  and  night, 
a  single  billion  of  seconds,  should  require  31*675  years. 

In  the  organized  kingdoms  of  nature  even  this  ex- 
cessive tenuity  of  matter  is  far  surpassed.  An  Irish  girl 
has  spun  linen  yarn  of  which  a  pound  was  1432  Eng- 
lish miles  in  length,  and  of  which,  consequently,  17lb. 
ISoz.  would  have  girt  the  globe ;  a  distinctly  visible  por- 
tion of  such  thread   could  not  have   weighed  more  than 

loT.non.nnn  ^^  *  grain.    Cotton  has  been  spun  so  that  a 

pound  of  thread  was  203*000  yards  in  length,  and  wool 
168*000  yards.  And  yet,  these,  so  far  from  being  ultimate 
particles  of  matter,  must  have  contained  more  than  one  vege- 
table or  animal  fibre;  that  fibre  being  itself  of  complex 
organization,  and  built  up  of  an  indefinitely  great  number  of 
more  simple  forms  of  matter. 

Hie  microscope  has,  however,  revealed  to*  us  still  greater 
wonders,  as  to  the  degree  of  minuteness,  which  even  com- 
plex bodies  are  capable  of  possessing.    Each  new  improve- 
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ment  in  our  instruments,  displays  to  us  ne^  races  of  animals, 
too  minute  to  be  observed  before,  and  of  which  it  would 
require  the  heaping  together  of  millions  upon  millions  to  be 
visible  to  the  naked  eye.    And  yet,  these  animals  Uve  and 
feed,  and  have  their  organs  for  locomotion  and  prehension, 
their  appetites  to  gratify,  their  dangers  to  avoid.     They 
possess  circulating  systems  often  highly  complex,  and  blood, 
with  globules  bearing  to  them,  by  analogy,  the  same  propor- 
tion, in  size,  that  our  blood  globules  do  to  us  ;  and  yet,  these 
globules,  themselves  organized,  possessed  of  definite  struc* 
ture,  lead  us,  merely,  to  a  point  where  all  power  of  distinct 
conception  ceases;  where  we  discover  that  nothing  is  great  or 
small,  but  by  comparison,  and  that  presented  by  Nature  on 
the  one  hand  with  magnitudes  infinitely  great,  and  on  the 
other,  with  as  inconceivable  minuteness,  it  only  remains  to 
bow  down  before  the  omnipotence  of  Nature's  Lord,  and  own 
our  inability  to  understand  Him. 

These  proofs  of  great  divisibility,  however,  leave  the 
question  of  infinite  divisibility  quite  untouched.  There  are, 
however,  many  and  powerful  reasons  which  have  decided 
almost  all  modern  philosophers  to  consider  the  possible  divi- 
sion as  being  finite.  On  the  other  view,  the  mind  has  no 
resting  place,  until,  by  the  total  disappearance  of  material 
conceptions,  the  constitution  of  bodies  resolves  itself  into  a 
collection  of  mathematical  points,  from  which,  as  centres, 
certain  forces  are  exerted  ;  but  with  such  abstract  specula- 
tion, chemistry  has  no  connexion.  Its  fundamental  con- 
dition, that  there  exist  many  kinds  of  elementary  matter,  of 
which  the  quantity  is  measured  by  their  weight,  is  totally 
independent  of  our  abstract  idea  of  what  matter  is,  or  how 
its  properties  have  their  source. 

In  proof  of  the  division  of  matter  having  a  limit,  experi- 
ments, made  principally  by  Faraday  and  Wollaston  have  been 
quoted.  Thus,  it  is  ascertained,  that  our  atmosphere  does 
not  extend  into  space,  but  is  confined  within  comparatively  a 
trifling  distance  firom  the  earth,  about  4<5  miles.  Wollaston, 
considering  the  particles  of  air  as  being  balanced  between 
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their  mutual  repulsion^  and  the  general  attraction  towards 
the  earth,  suggested  that  if  these  particles  could  be  divided 
to  an  infinite  degree,  there  should  be  an  infinite  source  of 
repulsive  power,  and  hence  at  a  certain  distance,  this  repul- 
sion overcoming  the  gravitating  force,  the  atmosphere  should 
spread  into  space,  and  being  attracted  to  the  other  planets, 
in  proportion  to  their  masses,  should  form  round  the  larger, 
as  Jupiter,  and  especially  the  Sun,  vast  and  dense  atmos- 
pheres, the  existence  of  which  should  easily  be  recognized. 
No  such  atmospheres  exist,  and  hence,  as  was  argued 
by  WoUaston,  the  force  of  repulsion  must  have  a  finite 
limit ;  and  the  number  of  repelling  particles  cannot  be 
infinite.  In  like  manner,  Faraday  found  that  bodies  in 
evaporating,  form  atmospheres  of  certain  definite  depths 
above  the  surface  of  the  body,  and  drew  from  hence  the 
same  conclusion.  This  argument  cannot,  however,  be  con* 
sidered  as  decisive.  It  is  not  at  all  certain,  that  because  the 
elasticity  of  air  is  thus  found  to  have  a  limit,  that  the  num- 
ber of  particles  of  air,  in  a  given  space^  might  not  be  infinite. 
I  shall  consider  the  masses  of  matter,  whose  properties 
we  purpose  to  examine,  as  being  made  up  of  a  great  number 
of  lesser  masses,  to  which  the  name  of  molecules  or  particles 
may  be  assigned.  It  is  totally  indifferent,  whether  these 
molecules  may  be  infinitely  divisible  or  not ;  there  is  no  fact 
in  either  chemistry  or  physics,  which  requires  the  positive 
adoption  of  either  one  side  or  the  other.  These  molecules 
are  subjected  to  the  influence  of  two  forces,  which  oppose 
each  other,  and  by  the  relative  balancing  or  preponderance 
of  which,  all  the  forms  and  physical  properties  of  ordinary 
substances  are  produced.  One  of  these  forces  is  attractive ; 
it  is  the  attraction  of  aggregation  as  it  has  been  termed,  or 
cohesion.  If  it  acted  unimpeded,  the  molecules  of  every 
portion  of  matter  would  cohere  with  insuperable  power ; 
unconquerable  solidity,  hardness  and  tenacity,  should  alone 
characterize  external  nature.  The  other  force  is  one  of 
repulsion,  which  firom  a  variety  of  evidence  is  assumed  as 
identical  with  the  cause  of  heat.    If  it,  alone,  prevailed,  no 
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Other  form  of  matter  could  exbt  but  that  of  gas;  the  solid 
gIobe»  the  liquid  waters,  should  change  to  atmospheres  of 
vapours,  and  the  beneficent  uses  to  which  our  earth  is  now 
adapted,  could  not  exist 

Such  is,  perhaps,  approximatively  what  occurs  in  those 
extreme  members  of  our  planetary  system,  Herschel  and 

Mercury.    The  former  receiving  from  the  Sun,  but  — -  part 

of  the  heat  which  our  earth  derives,  must  be  reduced  to  the 
temperature  of  empty  space;  and  with  few  exceptions,  the 
bodies  which  on  this  earth  are  gaseous  or  liquid,  if  they 
exist,  are  there  as  rocky  masses.  The  latter  must  at  certain 
periods  be  so  hot,  that  quicksilver  would  naturally  be  a  gas 
upon  its  surface,  and  those  metals  which  here  constitute  our 
examples  of  solidity,  should  there  form  liquid  oceans.  On 
this  earth,  however,  according  as  the  forces  of  heat  and  co- 
hesion vary  in  different  bodies,  they  pass  through  different 
states  of  aggregation.  Those  bodies  in  which  cohesion  pre* 
vails  are  solid,  and  by  their  tenacity  and  resistance  to  break- 
age or  change  of  form,  display  the  force  which  bihds  their 
molecules  together.  Where  cohesion  has  been  suppressed, 
and  the  repulsive  agency  of  heat  acts  uncontrolled,  the  body 
becomes  gaseous,  and  its  particles,  devoid  of  the  least  trace 
of  cohesive  power,  repel  each  other.  In  intermediate  cases, 
where  the  two  forces  appear  balanced,  the  particles  do  not 
cohere,  and  hence,  may  move  upon  and  separate  from  each 
other  without  any  external  force ;  but  they  do  not  repel,  and 
thus  remain  in  contact  if  no  external  force  tends  to  disturb 
them.  This  is  the  liquid  condition ;  it  is  that  of  water,  of 
alcohol,  of  oil,  whilst  air  and  steam  are  gaseous,  and  iron, 
wood,  and  stone  are  instances  of  the  solid  form. 

The  peculiar  nature  of  each  body  determines  whether, 
under  common  circumstances,  it  shall  have  one  or  the  other 
of  these  forms,  but  there  are  few  bodies  which  are  not  capa- 
ble of  assuming  all  the  three.  This  is  artificially  effected  by 
diminishing  or  increasing  the  degree  of  heat,  and  thus  by 
cooling  a  liquid,  it  may,  by  the  cohesion  becoming  greater. 
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be  converted  into  a  solid;  or  by  increasing  the  heat  to 
which  a  solid  is  subjected,  it  may  be  converted  into  a  liquid^ 
and  from  thence  into  a  gas.  One  liquid,  pure  alcohol,  has 
not  yet  been  frozen  :  some  solids,  as  charcoal,  have  not  yet 
been  melted :  organized  bodies  are  generally  decomposed  too 
easily  to  allow  of  a  change  of  state,  but  with  these  excep- 
tions, the  principle  of  the  change  of  form,  artificially  caused 
by  the  increase  or  diminution  of  the  quantity  of  heat,  is  uni- 
versaL  These  forms  of  matter,  considered  as  effects  of  heat, 
will  require  and  obtain  hereafter  a  more  extended  notice. 

This  force  of  molecular  cohesion  acts  only  at  distances 
so  minute  as  t6  escape  the  most  delicate  examination.  The 
fragments  of  a  piece  of  glass  or  metal  which  has  been  just 
broken,  when  laid  ever  so  closely  together,  have  no  tendency 
to  unite  agun ;  but,  if  the  surfaces  be  pressed  together, 
union  may  take  place,  though  only  in  a  few  points,  and  imper- 
fectly. Yet,  when  pieces  of  plate  glasSj  laid  fiat  on  each 
other,  and  subjected  to  considerable  pressure,  are  allowed  so 
to  remain  for  a  certain  time,  they  are  found  to  grow  together 
so  completely,  that  thick  masses  may  often  be  ground,  as  if 
they  had  always  formed  a  single  piece.  If  two  surfaces  of  lead 
be  cut  quite  clean  and  bright,  and  forcibly  pressed  together^ 
they  unite  also,  and  may  require  a  force  of  eighty  or  one 
hundred  pounds  to  effect  their  separation.  In  fiuids,  al- 
though the  force  of  cohesion  is  very  nearly  absent,  yet  it  is  not 
entirely  so;  the  viscidity  of  fiuids  depending  upon  the  traces 
of  it  which  remain.  The  globular  form  of  a  rain  drop,  or  of 
a  drop  of  any  fiuid  allowed  to  fall  from  a  point,  arises  also 
from  ^ the  cohesive  attraction  of  its  particles,  and  different 
fluids  differ  remarkably,  in  their  relations  to  heat,  from 
the  various  degrees  of  force  with  which  this  residue  of  cohe- 
sion is  exerted.  The  particles  of  a  fiuid  cohere  not  only  to 
each  other,  but,  even  more  powerfully,  to  solid  bodies  in  many 
cases.  It  is  thus  that  sohd  bodies  are  wetted  by  fiuids.  If 
the^finger  be  dipped  into  water,  the  particles  of  the  water  in 
contact  with  the  finger  adhere  to  it  more  powerfully  than 
Aey  do  to  the  other  particles  of  the  fiuid,  and  when  the  fin- 
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ger  is  removed,  they  aceompany  it,  and  thus  it  becomes  wet. 
Mercury  does  not  wet  the  finger^  for  its  particles  cohere  too 
powerfoUy  to  each  other ;  but  mercury  adheres  to,  or  wets 
a  piece  of  gold,  as  water  wets  the  finger.  From  this  cohe- 
sion  of  fluids  to  solids,  all  the  phenomena  of  capillary  at- 
traction result,  as  the  filtering  of  liquids  in  pharmacy  and  che- 
mistry, to  separate  solids  which  had  been  mixed  with  them;  the 
absorption  of  liquids  by  porous  solid  bodies,  and  many  others. 


The  existence  of  this  form  of  cohesion  may  be  very  simply 
shown  by  an  experiment,  such  as  is  illustrated  in  the  figure. 
A  disk  of  any  substance  which  may  be  wetted  by  water,  is 
to  be  hung*  evenly  from  the  extremity  of  the  beam  of  the 
balance,  and  brought  exactly  into  contact  with  the  water  in 
the  cup  below.  It  will  be  found  necessary  to  augment  con- 
siderably the  weights  in  the  scale  dish  opposite,  to  separate 
them ;  and  when  the  disk  has  been  torn  away  from  the  sur- 
face of  the  water,  the  force  overcome  will  be  found  to  have 
been,  not  that  of  the  solid  to  the  liquid,  which  was  still  more 
intense,  but  the  cohesion  of  the  liquid  particles  to  each 
other ;  for  the  solid  is  found  to  be  wetted  by  a  layer  of  liquid 
particles  which  it  had  torn  from  the  general  mass  of  liquid  un- 
derneath. If  the  experiment  be  tried  with  a  disk  of  polished 
iron,  and  mercury  as  the  fluid,  there  is  no  wetting,  and  the 
force  measured  is  really  the  cohesion  of  the  solid  to  the 
fluid. 

The  particles  of  a  body  being  held  at  certain  distances 
from  each  other  by  the  balance  of  their  attraction  and  repul- 
sion; if  by  the  application  of  an  external  force,  as  pressure, 
they  be  brought  nearer,  so  as  to  occupy  a  smaller  volume,  the 
body  is  said  to  be  compressible.    If,  when  the  external  force 
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is  removed,  the  body,  by  the  mutaal  repulsion  of  its  parti-^ 
cksy  regain  its  original  volume,  it  is  said  to  be  elastic ;  if,  on  the 
contrary,  it  remains  as  when  compressed,  it  is  called  inelastie. 
In  nature  there  are  few  bodies  perfectly  elastic,  and  none 
which  can  be  said  to  be  perfectly  inelastic.  .  In  solid  bodies, 
when  pressure  produces  a  change  of  volume,  some  traces  of 
it  are  permanent ;  but  in  liquids  and  in  gases,  the  restoration 
to  the  original  bulk  appears  to  be  complete. 

The  amount  to  which  solid  and  liquid  bodies  may  be  com- 
pressed is  very  small,  so  much  so;  that  very  delicate  methods 
are  necessary  to  determine  it.  Thus,  it  requires  a  pressure 
of  about  4001b8.  upon  each  square  inch  of  the  surface  of 

water  to  diminish  its  volume  by  the  -^>^^  part.    In  gases, 

however,  the  repulsive  force  acting  without  interference,  and 
the  particles  bemg  at  much  greater  distances  from  one 
another  than  in  the  liquid  or  solid  ibrm,  the  amount  of  com- 
pressibility becomes  very  much  increased,  and  the  law,  by 
which  it  is  regulated,  extremely  simple,  being,  that  the  volume 
of  any  gas  varies  inversely  as  the  pressure  upon  it;  that  it  is 
doubled  if  the  pressure  be  diminished  to  one  half,  and 
reduced  to  one  half  if  the  pressure  upon  its  surface  be 
doubled.  Thus,  supposing  a  gas  to  measure  100  volumes 
under  the  pressure  of  2(Hbs. 

Then  with  pressures  of  80    •    40    .    SO    .     10    .    51bs. 
The  vohnne  becomes    25    .    50    .    100  .    200  •    400. 

The  gases,  whidi  are  used  in  chemical  operations,  are 
liable  to  constant  changes  of  volume,  from  the  alterations 
in  the. weight  of  the  surrounding  atmosphere,  by  which 
they  are  always  pressed;  and  hence,  before  we  can  tdl 
how  much  of  a  gas  we  really  have  obtained  by  any  pro- 
cess, it  is  necessary  to  ascertain  the  amount  of  atmospheric 
pressure,  and  to  allow  for  it.  The  pressure,  which  the 
air  exercises^  is  measured  by  the  barometer,  in  which  a 
column  of  quicksSver  balances  the  pressure  of  the  air,  and 
varies  in  height  according  as  this  changes ;  the  height  of 
this  mercurial  column  being  accurately  measured  by  a  scale 

c  2 
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applied  to  the  tube  of  the  barometer.  In  these  countries, 
the  height  of  the  barometric  column  fluctuates  between  28 
and  31  inches,  but  the  average  height  of  a  year  is  about  S9*8 
inches.  For  simplicity,  a  number  very  near  this,  SO  inches, 
is  taken  as  the  standard  pressure,  and  whenever  the  specific 
gravity,  or  the  volume  of  a  gas  is  given,  without  particular  re- 
mark, this  standard  height  of  the  barometer  is  understood 
to  be  the  pressure. 

If,  therefore,  we  have  a  gas  at  a  different  pressure,  it  is 
usual,  and  often  necessary,  to  reduce  its  volume  to  what  it 
should  have  been  under  the  standard  pressure,  or  as  it  is 
generally  termed,  to  correct  for  pressure ;  to  do  this  we  use 
the  rule  given  above  for  the  change  of  volume  with  the  pres- 
sure. Thus,  if  in  an  analysis  of  morphia,  we  obtain  4*54 
cubic  inches  of  nitrogen  gas,  when  the  barometer  is  at  28*5 
inches,  we  say,  that  expressing  the  volume  at  SO  inches  by  V 

V:28.5::4.54:30orV=^x4.54  =  4.313 

Knowing  then  the  weight  of  100  cubic  inches  of  nitrogen 
at  SO  inches,  the  weight  of  4*313  is  easily  obtained. 

In  this  manner,  the  corrections  for  pressure,  alluded  to  in 
the  description  of  the  modes  of  taking  the  specific  gravities 
of  gases  and  of  vapours,  are  introduced.  Thus  in  taking  the. 
specific  gravity  of  steam  by  Gay  Lussac's  process,  (page  9,) 
the  vapour  occupying  but  a  portion  of  the  tube,  there  re- 
mains a  column  of  mercury,  suppose  5  inches  high :  the 
pressure  on  the  vapour  is,  therefore,  only  the  difference  be- 
tween that,  and  the  external  pressure,  and  if  this  be  30  inches, 
is  (30— 6) =25.  Then  the  measured  volume  of  the  steam  is 
to  what  it  should  be  at  the  standard  pressure,  as  30  to  25. 

In  certain  cases,  of  which  atmospheric  air  may  be  taken 
as  an  example,  this  rule,  of  the  volume  being  inversely  as  the 
pressure,  holds  exactly,  but  there  are  many  other  gases,  in 
which,  when  the  compression  is  very  great,  the  particles 
appear  to  be  brought  within  the  sphere  of  their  respective 
cohesive  forces,  and  the  volume  diminishes  more  rapidly  than 
it  ought,  by  the  rule.  Thus  if  a  tube  full  of  air,  and  a 
tube  full  of  sulphurous  acid  gas,  be  exposed  to  exactly  the 
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tame  pTe&sare,  the  volumes  will  not  diminish  in  the  same 
degree  when  the  pressure  becomes  high,  but  as  follows : 

The  air  as .     •    •     1000    .    853    .    559    .    314. 

Sulphnrous  acid,  as  1000    .    851     .    554    •    301. 
in  Bome  other  gases  the  same  variation  has  been  observed. 

If  such  a  gas  be  still  more  violently  compressed,  its  par- 
ticles may  be  brought  so  completely  within  the  sphere  of 
cohesive  action,  that  this  force  comes  into  active  play,  and 
the  body  changes  from  the  gaseous  to  the  liquid  form.  Thus 
many  gases  have  been  liquified  by  a  degree  of  pressure  which 
differs  for  each  gas,  and  is  at  32®  Fahrenheit  as  follows : 


Name  of  gas. 

Atmospheres. 

Pounds  to  the  Inch. 

Nitrous  Oxide,  •    .     . 

44 

660 

Carbonic  Acid,  •    .     . 

36 

.  540 

Muriatic  Acid,  .     •    • 

24 

S60 

Sulphuretted  Hydrogen, 

15 

225 

Ammonia,      .... 

5 

75 

Cyanogen,     .... 

s 

45 

Sulphurous  Acid,   .     . 

2 

SO 

Other  gases,  such  as  oxygen,  hydrogen,  and  nitrogen, 
have  been  subjected  to  a  pressure  of  800  atmospheres,  not 
only  without  becoming  liquid,but  without  even  deviating  from 
the  rule  which  implies  perfect  elasticity,  and  hence,  without 
even  approximating  to  the  term  at  which  they  should  aban- 
don the  gaseous  state.  Notwithstanding  this,  we  cannot 
consider,  that  there  is  any  physical  difference  of  constitution 
between  those  liquifiable  and  non-liquifiable  gases,  and  hence, 
the  conclusion  is,  that,  by  a  suitable  increase  of  pressure,  the 
molecidea  of  all  gases  might  be  so  brought  into  coherent 
approximation,  and  converted  into  liquids. 

With  regard  to  the  means  of  applying  such  pressure, 
and  actually  obtaining  those  gases  in  the  Uquid  form,  it  is 
necessary  to  consider  the  manner  in  which  such  gases  are 
generated,  and  such  methods  will  consequently  be  described 
in  the  history  of  those  bodies. 

Cohesion  is  thus  antagonistic  to  the  force  of  heat,  which 
tends  to  render  the  molecules  of  a  body  repulsive  to  each 
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Other,  and  to  separate  them  to  greater  distances  from  each 
other,  than  they  had  been  before.  Cohesion  is,  therefore, 
diminished)  and  even  annulled,  by  applying  heat. 

When  the  cohesion  between  the  particles  of  a  solid,  and 
those  of  a  fluid,  is  more  powerful  than  between  the  particles 
of  the  solid  itself,  the  latter  is  not  merely  moistened  by  the 
fluid,  but  it  abandons  altogether  the  solid  form,  and  becom- 
ing liquid,  mixes  uniformly  with  the  fluid,  and  is  said  to  have 
been  dissolved  by  it  By  ibis  peculiarity  of  cohesion,  bodies 
are  divided  into  the  soluble  and  the  ituoktble.  Thus  common 
salt,  and  glauber's  salt  are  soluble,  whilst  chalk  and  white 
lead  are  insoluble,  in  water.  These  classes  are,  however,  con- 
nected by  a  series  of  intermediate  degrees  of  sparingly  solu- 
ble bodies,  such  as  cream  of  tartar,  and  plaster  of  paris. 
Bodies  which'  are  insoluble  in  water,  may  be  yet  easily  dis-> 
solved  by  other  fluids;  thus,  resinous  bodies,  which  do  not  dis- 
solve in  water,  dissolve  in  alcohol.  A  great  deal  of  the  suc- 
cess of  vegetable  proximate  analysis,  depends  on  the  skill, 
with  which  the  solvent  powers  of  various  fluids,  may  be  suc- 
cessively applied. 

From  the  tendency  of  heat  to  diminish  the  force  of  cohe- 
sion, it  naturally  results,  that  the  solubility  of  most  bodies  is 
increased  by  heat ;  thus,  100  parts  of  water,  at  60^  F.  dis- 
solve 1 1  of  sulphate  of  potash,  and  at  212  dissolve  25.  At  60^. 
Sm  parts  of  dry  sulphate  of  magnesia  are  dissolved  by  100  of 
water,  but  74  at  212°.  Thb,  however,  is  not  always  the  case ; 
some  bodies,  as  common  salt,  are  exactly  equally  soluble  in 
water  at  all  temperatures,  whilst  in  other  cases  the  solubility  is 
greater  at  particular  temperatures  than  either  above  or  below 
them.  Of  this  peculiarity,  the  sulphate  and  nitrate  of  soda  are 
examples.  Thus,  100  parts  of  water  dissolve  of  dry  sulphate  of 
8oda,at82»,6'02;  at62»,  10-22;  at 76^,  28;  at 93% 53;  atl22*, 
47;  and  at  212^,  42.  The  solubility  increasing  up  to  93S  and 
from  thence  diminishing.  100  parts  of  water  dissolve  of 
nitrate  of  soda,  at  21«>,  63 ;  at  32«,  80 ;  at  9QP,  23 ;  60°,  65 ; 
and  at  246^  218  parts.  Here  the  peculiarity  is  of  the  opposite 
kind  to  what  occurs  with  sulphate  of  soda :  the  solubility 
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dimimshing  up  to  50^,  and  from  thence  progressively  in- 
creasing. 
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The  solubility  of  bodies  in  water  may  be  strikingly  re- 
presented to  the  eye,  by  means  of  a  kind  of  map,  such  as  is 
given  in  the  figure.  The  horizontal  lines  represent  the 
quantities  of  the  salt  dissolved  by  100  parts  of  water,  whilst 
the  vertical  lines  represent  the  temperatures.  Thus  the 
line  of  sulphate  of  soda  commences  at  the  temperature  of 
S9?  at  the  horizontal  line  5,  and  rising  rapidly,  cuts  the 
horizontal  line  10  at529,  cuts  the  line  of  40  at  88S  and  attains 
its  highest  point  of  53  at  93^ ;  from  thence  it  commences  to 
redescend  until  at  232°,  there  *are  only  42  parts  dissolved. 
The  line  of  chloride  of  sodium  is  horizontal,  showing  that  it 
is  equally  soluble  at  all  temperatures,  and  in  the  other  cases 
the  construction  of  the  scale  is  easily  seen  on  inspection. 

In  general,  when  solid  bodies  dissolve  in  a  fluid,  there  is 
cold  produced,  but  occasionally  the  solution  is  accompanied 
with  a  remarkable  evolution  of  heat;  this  last  occiurs  when 
bodies  which  naturally  contain  water,  chemically  combined, 
are  deprived  of  it  by  heat,  and  when  thtls  dried,  dissolved ;  in 
such  cases,  it  is  probable  that  the  one  portion  of  water  is 
taken  by  the  salt  into  a  state  of  intimate  chemical  combina* 
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tioiii  and  thus  more  heat  produced^  than  counteracts  the 
cold  which  should  arise^  from  the  mere  Qplution  of  the  by- 
drated  salt  thus  formed.  Such  examples  may  be  found  in 
dry  chloride  of  calcium,  the  dry  sulphates  of  copper,  or  of 
zinc  and  iron. 

Solution  is  very  much  promoted  by  agitation,  by  the 
minute  division  of  the  solid,  and  generally  by  all  causes 
which  tend  to  facilitate  the  contact  of  the  solid  and  liquid 
particles.  When  the  liquid  has  dissolved  as  much  of  the 
solid  as  possible,  it  is  said  to  be  saturcUeA  The  cohesion 
of  the  liquid  to  the  solid  having  been  reduced  to  an  equality 
with  that  of  the  particles  of  the  solid  for  each  other,  it  can 
dissolve  no  more. 

If  a  saturated  solution  be  so  circumstanced  as  to  dimi^ 
nish  the  cohesion  of  the  particles  of  the  solid  to  that  of 
the  fluid,  or  to  increase  the  cohesion  of  the  particles  of  the 
solid  to  each  other,  a  portion  of  the  solid  separates,  the 
amount  of  which  depends  on  the  new  conditions  under  which 
the  liquid  is  placed.  Thus,  if  to  a  solution  of  nitre  in  water, 
there  be  added  spirits  of  wine,  the  water  mixes  with  the 
spirits  of  wine  and  abandons  the  nitre,  which  is  precipitated. 
If  strong  muriatic  acid  be  added  to  a  solution  of  chloride  of 
barium  in  water,  the  water  is  taken  by  the  acid,  and  the  salt 
falls  down  as  a  white  powder.  But  the  most  usual  case,  is, 
where  the  separation  of  the  solid  is  produced  by  the  co- 
hesion of  its  own  particles,  which,  slowly  abandoning  the 
liquid,  dispose  themselves  according  to  certain  laws,  and, 
assuming  regular  geometrical  forms,  are  termed  crystals. 
Solid  bodies,  in  separating  slowly  from  liquids  in  which  they 
had  been  dissolved,  in  general  thus  crystallize,  and  the  figures 
of  these  crystals,  being,  to  a  great  extent,  characteristic  of 
the  bodies,  deserve  minute  attention. 

To  obtain  substances  regularly  crystallized,  several  pro- 
cesses may  be  followed,  according  to  the  nature  of  the  body. 
Where  the  substance^  is  soluble,  and  more  soluble  in  a  hot 
than  in  a  cold  liquid,  a  saturated  boiling  solution  may  be 
made  and  allowed  to  cool    The  excess  of  the  solid  body 
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crystallizes  out  on  cooling.  Thus  if  151  parts  of  sulphate  of 
magnesia  in  crystals  be  dissolved  in  100  parts  of  boiling 
water  and  aQowed  to  cool  to  60^,  a  quantity  of  crystals  will  be 
obtained  weighing  86  parts^  for  at  60°  the  100  of  water  can 
only  dissolve  65,  and  the  difference  between  that  and  the  151 , 
wbicb  had  been  dissolved  by  the  boiling  water  must  crys- 
lallize.  If  the  body  be,  like  common  salt,  equally  soluble  in 
water  at  all  temperatures,  the  above  process  cannot  be  ap- 
plied, and  a  quantity  of  the  liquid  must  be  removed  by  eva- 
poration; the  portion  of  salt  corresponding  to  the  quantity 
of  water,  which  has  pasaed  away,  is  thus  obtained  solid.  If 
the  evaporation  be  slowly  carried  on,  so  that  the  formation 
of  the  crystals  is  not  disturbed  by  the  boiling  of  the  fiquid, 
they  form  regularly,  and  may  attain  to  considerable  size. 

In  many  cases  the  bodies  which  it  is  necessary  to  obtain 
crystallized  are  not  soluble,  or  it  may  be  wished  to  obtain 
crystals  otherwise  than  by  solution.  By  melting  a  solid  sub- 
stance, its  particles  are  allowed  liberty  of  motion,  and  when 
it  again  commences  to  solidify  they  may  arrange  themselves 
regularly,  and  crystallize.  Almost  all  bodies,  when  melted, 
and  then  allowed  to  solidify,  do  thus  crystallize ;  but  the 
spaces  left  between  the  crystals,  whicb  first  form,  being 
completely  filled  up  by  the  portions  which  solidify  after- 
wards, there  remains  only  a  general  crystalline  structure, 
visible  in  the  fracture  of  the  body.  Thus  cast  iron,  sulphur, 
zinc^  &c.  have  crystalline  fractures.  The  beautiful  feathered 
appearance  given  to  sheet  tin,  by  washing  with  dil|ite  acid,  and 
which  was  so  popular  some  years  ago  under  the  name  oimoiree 
metalUque,  was  simply  this  crystalliue  structure,  displayed 
by  removing  the  thin  layer  of  metal  on  the  outside,  which  had 
solidified  too  rapidly  to  have  acquired  any  trace  of  crystal- 
lization. To  obtain,  therefore,  the  metals,  crystallized  by 
fusion,  the  excess  of  liquid  metal  must  be  removed  from 
around  the  crystals,  that  are  first  formed.  A  quantity  of  the 
metal  or  of  sulphur,  having  been  melted  in  a  cup,  is  to  be 
allowed  to  cool  until  a  solid  crust  has  formed  upon  the  sur- 
face and  at  the  sides,  to  a  certain  depth ;  two  apertures  must 
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then  be  made  in  the  upper  crust,  and  the  fluid  metal 
maining,  be  poured  out,  at  the  one  aperture,  whilst  the  air 
enters  at  the  other,  to  supply  its  pkce.  On 
then  brealdng  the  vessel,  the  interior  of  the 
solid  layer  of  metal  or  sulphur  is  generally 
found  lined  with  well  formed  and  charac- 
teristic crystals,a8  represented  in  the  figure. 
Bodies  may  also  be  crystallized  by  sublimation.    When 
a  substance  has  been  converted  into  vapour,  and  that,  in 
condensing,  it  assumes,  at  once,  the  solid  form,  its  particles 
arrange  themselves  so  as  to  form  crystals.  Thus  are  obtained 
in  fine  crystals,  arsenici  arsenious  acid,  corrosive  sublimate, 
benzoic  acid,  &c. 

It  frequently  happens  that  the  same  body  may  be  ob- 
tained crystallized  by  more  than  one  of  these  processes. 
Thus  corrosive  sublimate  may  be  crystallized  by  solution  or 
by  sublimation ;  sulphur  may  be  crystallized  either  by  fusion 
or  by  solution.  It  is  remarkable  that  when  this  occurs  the 
crystals  obtained  by  the  two  processes  are  never  of  the  same 
shape ;  they  have  not  even  any  simple  relation  of  figure  to  one 
another;  but  indicate  a  totally  different  mode  of  arrangement 
of  particles,  induced,  probably,  at  least  in  part,  by  the  different 
temperatures  at  which  the  change  of  state  of  aggregation 
may  have  occurred.  A  body  which  crystallizes  thus  in  two 
ways  is  said  to  be  dimarphouSi  and  this  character  will  be  found 
hereafter  of  the  highest  importance  in  the  theory  of  the 
atomic  constitution  of  compound  bodies. 

The  more  slowly  the  change  of  state  occurs,  the  more 
regular,  and  the  larger,  are  the  crystals  that  are  formed. 
Hence,  in  practice,  solutions  are  left  to  cool  very  slowly,  or 
to  evaporate  spontaneously ;  and  sublimation  is  effected  by 
the  most  gentle  heat,  that  can  be  advantageously  applied. 
To  favour  the  deposition  of  the  particles,  a  variety  of  artifi- 
cial  aids  may  be  applied.  Thus,  crystallization  takes  place 
better  in  a  pan  with  some  littie  roughness  at  the  sides, 
than  when  it  is  quite  smooth,  and  threads  are  hung  in  sirup 
to  promote  the  crystallization  of  the  sugar  candy ;  a  little 
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crystal  of  the  aame  kind  of  aalt,  is  often  introduced,  to  senre 
as  a  nucleus  vomid  which  the  new  ciyBtab  may  gather ;  and, 
in  a  solution  containing  many  salts,  the  nature  of  the  salt 
which  shall  crystallise  may  be  determined,  by  the  nature  of 
the  little  crystal  introduced :  thus  if  equal  parts  of  nitre  and 
of  g1auber*s  salt  be  mixed  and  dissolved  in  five  parts  of  water, 
and  the  solution  divided  between  two  similar  dishes ;  on  a 
crystal  of  nitre  being  laid  in  one  dish  and  a  crystal  of  glauber's 
salt  being  laid  in  the  other,  a  crystallization  of  pure  nitre 
will  occur  in  the  former,  whilst  nothmg  but  glauber's  sak 
will  crystallize  in  the  latter  dish.  Salts  which  are  mixed 
together  in  solution  may  also  be  separated  firom  one  another 
by  their  respective  solubilities :  thus,  if  sea  water  be  eva- 
porated^  common  salt  alone  will  be  deposited  according  as  the 
Uquor  boils  away ;  when  it  has  been  removed  from  the  fire 
no  more  common  salt  separates,  but  epsom  salt  will  crystal- 
lise, and  after  it  has  been  removed,  the  liquor  wiU  be  found 
to  contain  chloride  and  iodide  of  magnesium.  The  liquor 
from  which  crystab  have  separated,  is  called  the  Mother 
Uquor. 

Crjrstab  occasionally  form  in  a  body,  although  it  may  re- 
mun  completely  solid.  Thus,  when  copper  wire  has  been 
kept  some  time,in  the  laboratory,  it  becomes  a  mass  of  cubical 
crystals,  and  its  tenacity  is  almost  completely  lost.  When 
sugar  is  melted  and  allowed  to  cool,  it  forms  a  perfectly 
transparent  hard  mass,  destitute  of  any  trace  of  crystalline 
arrangement,  but  after  some  months,  it  becomes  opake  and 
white,  having  changed  into  ordinary  crystallized  sugar.  In 
cases,  also,  where  bodies  are  dimorphous,  one  form  is  gene- 
rally unstable,  and  the  body,  when  crystallized  in  it,  dhanges 
tafter  some  time  into  the  other  form.  This  takes  place  re- 
markably with  sulphur,  and  will  hereafter  be  again  referred 
to. 

A  solution  of  a  salt,  saturated  at  a  high  temperature,  is 
found  occasionally  to  remain  without  crystallizing,  although 
.cooled  to  a  very  low  degree.  In  such  case,  on  introducing 
a  little  crystal,  or  agitating  the  liquor^  it  suddenly  crystal- 
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lizes^  and  frequently  solidifies  into  one  mass.  Sulphate  of 
soda  is  remarkable  for  its  tendency  to  assume  this  in- 
difference to  crystallization.  If  two  parts  of  crystallized 
sulphate  of  soda  be  dissolved  in  one  part  of  water,  at  93% 
and  the  solution  be  laid  aside  to  cool,  without  being  disturbedt 
it  remains  quite  clear  and  liquid ;  but  on  producing  crystal- 
lization by  any  of  the  means  just  stated^  the  whole  becomes 
solid. 

In  all  cases  of  crystallizatioDi  there  is  heat  evolved,  con- 
sequent on  the  general  law,  of  heat  being  given  out  when  a 
liquid  or  a  vapour  becomes  solid*  There  u  sometimes  a 
remarkable  evolution  of  light,  to  which  I  shall  refer  again* 
Indeed  crystallization  is  sensibly  affected  by  the  presence  or 
absence  of  light.  If  a  dish,  half  covered  by  paper,  be  set 
aside  with  a  solution,  to  crystallize,  but  few  crystals  will  form 
in  the  dark,  although  there  may  be  an  abundant  crop  on  the 
illuminated  portion  of  the  vessel 

It  has  been  noticed,  that  when  a  body  has  been  obtained^ 
crystallized  at  different  temperatures,  as  by  solution  and 
fusion,  the  crystalline  form  is  generally  different,  and  the 
body  is  said  to  be  dimorphous.    In  this  case,  the  two  forms 
are  totally  different  in  their  geometrical  character.    But  in- 
dependent of  this,  a  body  may,  even  simply  by  solution,  be 
obtained,  crystallized  in  a  great  variety  of  forms.    In  a  crop 
of  crystals  of  sulphate  of  iron,  or  of  alum,  obtained  by  cooling 
from  a  hot  solution,  a  great  many  different  figures  may  be 
observed,  which,  however,  are,  on  examination,  all  refer- 
rible  to  one,  more  regular  and  fundamental,  form.    Each 
substance  has  thus  a  characteristic  form  of  crystal,  which  is 
termed  its  primary  form,  and  it  may  assume  a  great  variety 
of  figures,  produced  by  modifications  of  this  form :  these 
are  termed  secondary  forms.    Thus>  carbonate  of  lime  has 
been  found  crystallized  in  more  than  six  hundred  different 
secondary  forms,  all  derivable,  however,  from  the  one  ori- 
ginal primary  figure,  the  rhombohedron.    The  growth  of  a 
crystal,  depending  on  the  deposition  of  new  layers  of  particles, 
over  its  external  suifiuse,  any  change  in  the  quantity  depo- 
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sited  on  each  side^  will  naturally  produce  a  change  of  form* 
Itis^  therefore,  necessary  when  crystals  are  left  long  in  a  solu* 
tion,  to  turn  them,  and  change  their  position  frequently,  as 
otherwise  the  growth  should  take  place  on  some  sides  rather 
than  others,  and  secondary  forms  should  he  produced,  by 
which  the  characteristic  figure  of  the  crystal  would  be  injured. 
The  most  ordinary  source  of  change  of  figure  consists  in 
the  replacement  of  an  edge,  or  of  an  angle  by  a  plane.  Thus 
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one  of  the  simplest  figures  of  crystals  is  the  cube  a;  it  has 
eight  edges  and  eight  solid  angles.  The  effect  of  substituting 
planesar£Kes  for  the  edges  is  to  produce  the  secondary  form,  6, 


and  by  replacing  the  solid  angles,  by  planes,  the  form  c ;  when 
these  replacements  occur  together,  the  more  complex  figure 
df  is  produced.      If  the  edges  of  the  cube  be  replaced. 


until  all  traces  of  the    original  planes  disappear,  the  fi- 
gure e>  the  rhombic  dodecahedron,  is  produced;  and  if  the 
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replacement  of  tbe  solid  angles^  by  planes^  be  carried  on  to 
the  same  extent,  there  is  formed  a  regular  octohedrony. 
These  last  are  again,  simple  and  primary  forms,  for  bj  a 
similar  move  of  replacement,  they  may  be  reduced  to  each 
other,  or  to  the  cube. 

When  a  crystal  augments  in  size  by  the  deposition  of 
layers  of  fresh  material  upon  its  faces,  the  molecular 
cohesion  in  each  new  layer  is  greater  than  its  cohesion  to 
the  layer  underneath,  and  hence,  by  skilful  splitting,  a 
crystal  may  be  separated  into  a  number  of  plates,  exhibiting 
the  order  of  its  formation.  The  direction  in  which  a  crystal 
may  be  split,  is  termed  its  cleavage,  and  it  is  of  great  im- 
portance, in  the  determination  of  the  primary  form  of  the 
crystal,  for  it  often  occurs,  that  the  same  secondary  form 
may  be  produced  by  two  different  primary  forms,  and  in  such 
case,  the  cleavage  being  simply  related  to  the  surfistces  of  the 
true  primary  form,  determines  which  it  is. 

Notwithstanding  the  immense  variety  of  forms  of  crystals 
which  exist,  they  may  yet  be  reduced  to  a  very  few  classes, 
by  conceiving  them  to  be  formed  by  their  particles  being 
built  up  around  certain  axes,  which  pass  through  the  centre 
of  the  crystal,  and  the  relative  position  and  magnitude  of 
which  determine  the  manner  in  which  the  particles  are 
arranged. 

In  this  way  there  may  be  formed  six  systems  of  crystal- 
lization, characterized  as  follows : 

1st  System.  The  Regular  Si/stem.  The  three  axes  are  all 
equal  in  length,  and  are  at  right  angles  to  each  other. 

2nd  System.  The  Khombohedral  System  has  three  axes 
equal  in  length,  which  are  placed,  however,  at  equal  angles 
(60^)  with  each  other,  and  are  all  in  the  same  plane,  whilst 
a  fourth  and  unequal  axis  is  at  right  angles  to  that  plane. 

3rd  System.  The  Square  PrumcUic  System  has  the  three 
axes  at  right  angles  to  each  other,  but  there  are  only  two  of 
them  equal,  the  third  is  either  longer  or  shorter  than  the 
other  two. 

4th  System.  T%e  Right  Prismatic  System  has  the  three 
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axes  at 'right  angles  to  each  other,  but  there  are  no  two  of 
tbem  (^the  same  length. 

5th  System.  The  Oblique  Prismatic  System  has  two  of 
the  axes  making  an  acute  angle  with  each  other,  whilst  the 
the  third  is  placed  at  right  angles  to  both.  The  three  axes 
are  all  unequal  in  length. 

6th  System.  Ihe  Doubly  Oblique  Prismatic  System  has 
all  the  axes  unequal  in  length,  and  making  acute  angles  with 
one  another* 

The  various  actual  forms  of  crystals,  both  primary  and 
secondary,  are  derivable  from  the  manner  in  which  the 
plane  aurfiu^es  of  the  crystab  may  be  applied,  around 
these  axes.  In  order  to  conceive  the  appUcadon  of  the 
planes,  the  axes  shall  be  considered  as  placed,  with  one 
in  a  vertical  position,  and  it  is  caUed  ihe  principal  axis. 
The  nature  of  the  system  determines  which  axis  should  be 
selected. 

In  the  Regular  System,  the  axes  being  all  equal,  it  is  a 
matter  of  indifference  which  is  chosen  as  the  principal  axis, 
and  their  perfect  symmetry  is  also  a  reason  that  the  portions 
of  the  crystal  around  each  axis  must  be  completely  similar. 
The  number  of  forms  belonging  to  this  system  is  conse- 
quently not  very  large,  and  they  are  remarkable  for  their 
simplicity.  Thus,  when  each  plane  cuts  the  axes  at  equal 
distances  from  the  centre,  the  form  is  the  octohedron,  and 
as  the  planes  must  be  equally  inclined  to  all  the  axes,  it  is  the 
regular  octohedron/,  of  which  each  plane  is  an  equilateral 
triangle.  When  each  &ce  of  the  crystal  cuts  one  axis  at 
r^t  angles,  and  ishence  parallel  to  the  otiier  two,  the  form 
is  the  cube  a.  When  each  face  cuts  two  axes  at  equal  dis- 
tances from  the  centre,  and  is  parallel  to  the  third,  the  figure 
which  results  is  the  rhombie  dodecahedron  e.  By  the  coni- 
Inned  positions  of  sets  of  planes,  other  and  more  complicated 
(secondary)  &.  c  dL  forms  are  produced,  arising  from  the  par- 
tial coexistence  of  the  conditions  of  the  formation  of  two 
simple  forms. 

The  crystals  belonging  to  this  system  are,  generally, 
.very  well  defined,  and  easily  recognized :  a  great  number 
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of  important  bodies  crystallize  in  the  forms  belonging  to 
it :  thus  common  salt^  fluor  spar,  galena,  and  iron  pyrites, 
are  found  in  cubes  ;  alum  in  octohedrons ;  the  garnet  is 
found  in  dodecahedrons.  When  pure  metallic  substances 
are  found  crystallized,  it  is  always  in  forms  belonging  to 
this  system ;  thus,  bismuth,  copper,  silver,  gold,  crystallize 
in  cubes,  and  lead  in  octohedrons. 

A  peculiarity  of  crystals,  be- 
longing, particularly,  to  this  system 
and  to  the  next,  is,  that  every  alter* 
nate  face  shall  become  developed 
to  such  a  degree  as  to  obliterate 
the  intervening  planes,  and  thus  to 
generate  a  new  form,  having  one 
half  of  the  number  of  planes.  Thus 
a  crystal  of  alum  is  very   seldom 
truly  octohedral;  it  has  usually  the 
figure  of  ^  where  four  of  the  sides 
of  the   octohedron   have  become 
very  large,  whilst  the  other  four 
remain  very  small.     When  the  obliteration  becomes  com- 
plete, there  is  produced  the  tetrahedron,  or  three-sided 
pyramid  of  fig.  h,  which  is  hence  properly  called  the  hemi- 
octohedron.    Such  crystals  are  called  hemihedral,  from  their 
containing  half  the  proper  number  of  sides.     Certain  bodies 
have  a  natural  tendency  to  hemihedral  crystallization,  and 
are  but    very   rarely  found  with  the  proper  number  of 
planes;     The  diamond  is  a  remarkable  instance  of  this. 
Its  proper  form  is  the  regular  octohedron,  but  its  crystals 
are  universally  hemihedral. 

In  the  Rhombohedral  system  the  supplementary,  or 
fourth  axis,  is  taken  as  the  principal  axis,  and  the  crystals 
are  formed  by  the  planes  being  applied  to  these  axes,  as  in 
the  former  system.  If  the  planes  be  all  inclined  at  the  same 
angles  to  the  three  horizontal  axes,  and  that  they  cut  the  ver- 
tical axis,  there  is  formed  a  double  six-sided  pyramid  (i),  and 
when  the  planes  are  perpendicular  to  the  horizontal  axes,  and 
paraUel  to  the  vertical  axis,  the  six-sided  prism  (k)  is  produced. 
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These  forms  generally  coexist  in  quartZi 
as  in  the  figure^  I.  By  the  replace- 
ment of  the  edges  in  these  forms^  there 
may  be  produced  others,  with  twelve 
sides  in  place  of  six;  as  a  twelve-sided 
prism,  and  a  twelve-sided  pyramid,  of 
which  qaartz  also  affords  examples. 
This  system  is  more  remarkable  for 
its  modified  forms,  than  for  those  simple  figures  above  de- 
scribed, although  the  six-sided  prism,  and  six-sided  pyra- 
mid, are  characteristic  of  very  many  sub- 
stances. If  we  suppose  in  the  temunal 
six-sided  pyramid,  every  alternate  side, 
above  and  below,  to  grow  at  the  expense 
of  those  next  it  at  each  side,  /  will  be 
formed.  Ultimately  the  sides  of  the  prism 
shall  disappear,  and  there  will  remain  a 
figure  of  six  planes,  of  which  all  the  sides 
shall  be  equal  and  similar  rhombs,  the 
rhombohedron  m,  which  gives  its  name  to 
this  system,  although  it  be  but  a  hemi- 
hedral  modification  of thetrue  typical  form.  The  principal 
axis  of  the  rhombohedron  is  the  vertical  axis  of  the  pyra- 
mid, and  the  horizontal  axes  are  found  by  joining  the  solid 


m 


angles  to  the  centres  of  the  opposite  faces,  where  originally 
the  lateral  angles  of  the  pyramid  had  been. 

The  carbonates  of  lime,  of  iron,  and  magnesia,  are  re- 
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markable  for  crystallizing  with  this  hemihedral  figare.  Even 
in  the  six-sided  prism  of  carbonate  oflime^the  rhombohedral 
tendency  is  evident  by  the  crystal  being  terminated  not  by 
the  six-sided  prism  as  in  quartz^  but  by  its  three  hemihedral 
replacing  planes. 

3.  7%«  Square  Prismatic  System. — ^The  crystals  of  this 
class  differ  from  those  of  the  regular 
systemi  in  the  vertical  axis  not  being 
necessarily  equal  to  the  other  two; 
but>  on  the  contrary,  being  in  almost 
all  cases,  either  longer  or  shorter. 
Where  there  is  formed  an  octohe- 
dron, »,  it  differs  from  the  regular  octohedron,  in  the  terminal 
angle  of  each  plane  being  not  60^,  but  more  or  less.  Its 
basis  is,  however,  a  square,  and  to  dis- 
tinguish it  from  the  octohedron  of  the 
following  system,  it  is  termed  the  oc- 
tohedron with  the  square  base*  By 
the  application  of  planes  perpendi- 
cular to  the  horizontal  axes,  a  four- 
sided  pyramid  with  a  square  base  is 
formed,  o,  and  by  the  replacement  of 
the  terminal  edges  of  this  prism,  four- 
sided  pyramids  may  be  formed  on  its 
base  and  summit.  By  this  property,  the  square  prisms  and 
octohedrons  are  distinguished  from  all  modifications  of  the 
cube,  and  octohedron  of  the  regular  system.  When  the 
edge  of  a  cube  is  repjaced,the  plane  substituted  for  it  gains 
equally  on  the  two  surfaces,  and  hence,  when  one  is  effaced, 
the  other  must  be  so  also.  But  in  the  square  prisms,  the  re- 
placement may  efface  the  terminal  plane,  giving  a  four-sided 
pyramid,  and  yet  the  lateral  planes  be  but  little  encroached 
upon.  The  sides  of  the  crystal,  in  this  system,  are  thus  inde- 
pendent of  the  top  or  bottom,  and  may  be  modified,  whilst  the 
top  and  bottom  remain  unaltered  ;  this  never  takes  place  in 
the  regular  system, where  there  being  no  one  side  particularly 
upper  or  lower,  all  modifications  must  effect  all  sides  alike. 
4.   The  right  Prismatic  System.    In  this  system  the  three 
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axes  being  all  unequal,  the  length,  breadth,  and  thickness  of 
the  crystal  may  be  different  from  each  other.  Thus,  in  the 
octohedron,  j9,  formed  by  the  application 
of  planes,  each  connecting  the  extremities 
of  the  three  axes^the  three  dimensions  of 
the  crystal,  as  in  the  figure,  which  is  the 
primitive  form  of  sulphur,  are  unequal ; 
the  octohedron  has  a  rhombic  base,  and 
by  planes  which  are  inclined  to  the  hori- 
xontal  axes,  and  parallel  to  the  vertical 
axis,  a  prism,  with  a  rhombic  base,  may 
be  produced.  This  also,  by  combmation 
of  the  two  forms,  may  obtain  pyramidal  terminations,  as  m 
some  forms  of  native  sulphur. 

An  important  character  of  this  system,  which  arises  firom 
there  being  no  necessary  connexion  be- 
tween the  two  horizontal  axes,  is,  that 
the  lateral  edges  may  be  alternately  modi- 
fied in  a  different  manner,  or  in  other 
words,  that  looking  at  the  crystal,  its 
*back  and  front  may  be  differently  affect- 
ed from  its  sides.  Of  this  an  example 
may.be  found  in  a  common  modificatioh  of  the  sulphur  oc- 
tohedron given  in  figure  q. 

5.  Tie  oblique  Prismatic  System. — From  the  manner  in 
which  the  crystals,  belonging  to  this  system,  form,  one  of  the 
oblique  axes  is  generally  by  much  the  most  developed,  and 
is  taken  as  the  principal  axis.  The  remtuning  axes,  which 
are  at  right  angles  to  each  other,  are  taken  as  horizontal,  the 
principal  aads  making  with  them  the  acute  angle,  which  be- 
longs to  the  peculiar  body. 

By  means  of  planes  which  are  inclined  to  all  the  axes, 
there  is  formed  the  oblique  rhombic  octohedron,  such  as 
characterizes  gypsum,  (sulphate  of 
lime,)  as  in  figure  r,  and  by  means 
of  planes  which  are  inclined  to  two 
axes,  but  parallel  to  the  third,  an  ob- 
D  2 
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liqne  rhombic  prism  may  be  formedi  s. 
A  remarkable  character  of  these  crys- 
tals is,  that  from  the  crossing  of  the 
axes  and  their  independence  of  each 
other,  the  front  and  back  of  the  crys- 
tal may  be  quite  different  in  relation 
to  the  sides.  The  crystals  of  sul- 
phate of  soda,  of  carbonate  of  soda, 
of  borax,  of  sulphate  of  iron,  and  of 
feldspar,  may  be  taken  as  examples  of  the  numerous  forms 
derivable  from  this  system. 

6.  The  doubly  oblique  Prismatic  System. — -The  axes  are 
all  unequal,  and  all  form  acute  angles 
^with  each  other,  and  it  is  hence  in- 
different which  is  taken  as  the  prin- 
cipal axis  of  the  crystal.  The  con- 
sequence is  complete  absence  of  symmetry  between  any  two 
surfaces  of  the  crystal,  except  such  as,  being  at  the  ends 
of  the  same  axis,  are  parallel  to  each  other.  The  com- 
plexity of  crystals  of  this  system  is  hence  usually  very  great. 
The  simplest  forms  are  the  oblique  rhombic  octohedron,  t, 
and  the  oblique  rhpmbic  prism,  formed  by  planes,  inclined 
to  all  the  axes,  or  to  two,  and  parallel  to  the  third,  respec- 
tively. The  soda  feldspar  (albit)  and  sulphate  of  copper 
are  examples  of  this  system ;  the  octohedron  of  this  system 
is  figured  in  the  margin. 

It  might  be  at  first  supposed  that  the  assumption  of  these 
axes,  or  lines  round  which  we  have  supposed  the  crystalline 
particles  to  be  regularly  arranged,  was  merely  a  geometrical 
fiction,  by  which  the  form  of  the  crystal  might  be  more  easily 
represented  to  the  mind ;  but  such  is  not  the  case.  Evidence 
derived  from  a  variety  of  sources  agrees  in  demonstrating, 
that  this  diversity  of  crystalline  systems  arises  from  funda- 
mental differences  in  the  laws  of  molecular  cohesion,  by  which 
the  formation  of  the  crystal  is  regulated,  and  that  these  axes 
which  have  been  so  much  alluded  to,  are  real  centres,  the 
proportion  and  position  of  which  determine  all  the  physical 
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properties  of  the  body/  It  is  peculiarly  from  the  action  of 
crystallized  bodies  upon  lights  that  accurate  and  extraor- 
dinary information  has  been  obtained  of  their  internal  struc- 
ture, and  the  discoveries  that  have  been  made  in  this  de- 
partment, were  the  means  of  advancing  the  physical  theory 
of  light  to  its  present,  almost  perfect,  state. 

Substances  may  assume  crystalline  forms,  which  do  not 
properly  belong  to  them,  in  many  ways.  Thus,  a  group  of  crys- 
tals being  imbedded  in  a  rock,  they  may,  by  die  filtration  of 
the  water  of  springs  across  the  rock,  be  dissolved  out,  leaving 
a  hollow  mould  of  their  form ;  and,  subsequently,  substances 
of  another  kind  may  be  introduced  into  this  cavity,  and,  soli- 
difying there,  may  simulate  the  external  form  of  the  original 
inhabitant  But  these  are  no  more  real  crystals  than  a  mass 
of  plaster  of  Paris,  which  has  solidified  in  a  hollow  mould,  and 
comes  out  as  an  Apollo's  head,  can  be  said  to  have  so  crystal- 
lized. By  cleavage,  and  by  the  operation  of  polarized  light,  the 
unsuited  internal  structure  is  recognized,  and  the  crystal  is 
stated  to  have  been  merely  pseudamorphous.  Another  mode 
in  which  a  body  may  come  to  have  a  form  not  its  own,  is  by 
remaining  behind  after  the  decomposition  of  the  substance 
which  had  really  crystallized.  Thus,  when  hydrated  chlo- 
ride of  copper,  which  crystallizes  in  fine  green  prisms,  is 
carefully  heated,  the  water  is  expelled,  and  the  chloride  of 
copper  remains  dry,  and  of  a  fine  yellowish  brown  colour,  in 
the  original  crystalline  form,  and  with  the  surfaces  quite 
bright.  The  red  iodide  of  mercury  combines  with  ammonia 
to  form  a  substance  which  crystallizes  in  long  prisms  of  a 
snow-white  colour ;  these,  when  exposed  to  the  air,  lose  all 
ammonia,  and  the  iodide  of  mercury  remains  behind,  pure, 
and  of  a  brilliant  red,  but  with  the  perfect  figure,  and  bright, 
smooth  surCeu^s,  and  sharp  angles,  of  the  body  originally 
crystallized. 

It  has  been  thought  that  the  presence  of  foreign  bodies 
in  a  solution^  even  where  they  did  not  enter  into  combination 
with  the  substances  which  crystallized  from  it,  might  modify 
their  form.  Thus,  when  common  salt  crystallizes  in  a  solution 
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of  urea^  it  is  deposited  in  octohedrons^  and  by  dissolving  alum 
in  a  solution  of  urea^  it  may  be  obtained  crystallized  in  cubes. 
But  in  this  case^  the  substances  which  crystallize  are  no 
longer  common  salt  nor  alum,  but  the  one,  a  combination  of 
urea  with  common  salt,  and  the  other,  a  basic  alum  produced 
by  the  mutual  decomposition  of  the  urea  and  the  alum.  The 
presence  of  a  trace  of  lead  or  tin,  in  a  large  quantity  of  iodide 
of  potassium,  has  been  supposed  to  modify  its  form;  but  it 
is  more  likely,  that  the  mechanical  presence  of  an  impurity 
of  the  kind  may  be  supposed  to  produce  a  tendency  to 
macled  crystals,  and  thus  the  external  form  be  somewhat 
altered,  although  the  true  constitution  of  the  crystal  may 
remain  the  same. 

Certain  bodies,  when  they  exist  together  in  solution,  may» 
however,  remarkably  modify  each  other's  form,  by  crystal- 
lizing together  so  completely,  that  every  individual  crystal 
shall  contain  a  quantity  of  each.  Yet  these  bodies  will  not 
have  combined  chemically  with  each  other,  for  the  quantity 
of  each  present,  in  each  crystal,  is  quite  indefinite ;  they  are 
mixed  together  mechanically  in  the  crystals,  and  hence  the 
form  of  the  actual  crystal  is  intermediate  between  those, 
which  the  separate  bodies  should  have  had,  if  they  were  pure. 
In  order  that  bodies  may  so  crystallize  together,  it  is  not 
only  necessary  that  they  should  be  of  the  same  crystalline 
system,  but  the  crystalline  forms  must  resemble  one  another 
very  closely  in  all  their  angles  and  sides.  Thus,  not  only 
will  iodide  of  potassium  and  sulphate  of  soda,  which  belong 
to  different  systems  of  crystallization,  not  crystallize  toge- 
ther ;  but  glauber  salt  and  carbonate  of  soda,  which  do  be- 
long to  the  same  system,  will  not  crystallize  together,  because 
the  relations  of  their  angles  and  sides  being  completely  dif- 
ferent, they  cannot  mix  together  so  as  to  form  an  uniform 
solid.  But  sulphate  of  zinc  and  sulphate  of  magnesia  be- 
long not  merely  to  the  same  crystalline  system,  but  they  are 
almost  identical  in  their  figures ;  the  eye  cannot  make  any 
distinction  between  their  crystals ;  and  hence  when  a  crystal 
is  being  formed  in  a  solution  containing  these  two  bodies, 
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the  molecular  and  crystalline  forces  being  the  same  for  both, 
they  concur  in  the  building  of  the  crystal  without  interfering 
with  each  otber.  Hence^  as  there  is  a  very  small  difference 
between  the  angles  of  the  rhombic  prisms  of  the  two  salts^ 
the  one  being  90°  30',  and  the  other  Ol""  S',  if  they  be 
mixed  in  equal  proportions  in  the  crystal,  its  angle  must  be 
90*  49^.  Carbonate  of  lime  and  carbonate  of  magnesia  are 
like  the  sulphates  of  zinc  and  magnesia,  almost  identical  in 
crystalline  form,  and  they  exist  in  nature  mixed  together,  form- 
ing the  dolomite  or  magnesian  limestone.  The  quantity  of 
carbonate  of  Hmeis  to  the  quantity  of  carbonate  of  magnesia 
as  50*6  to  42*8,  and  as  the  angle  of  the  rhomb  of  carbonate  of 
lime  is  105^  4/\  and  that  of  carbonate  of  magnesia  is  107^  40^; 
the  angle  of  the  mixed  crystal  is  found  by  multiplying  the 
angle  of  each  constituent  by  its  quantity,  adding  these  pro- 
ducts together,  and  dividing  by  the  quantity  of  the  mix- 
ture, and  the  result  is  106^  15^  the  angle  of  the  rhombic 
crystal  of  magnesian  limestone. 

The  peculiarity  of  crystallization  which  such  bodies  pos- 
sess may  be  illustrated  in  another  manner.  Ordinary  alum 
is  a  sulphate  of  alumina  and  potash ;  but  there  are  a  great 
variety  of  other  double  sulphates  which  crystallize  in  the 
same  form,  and  which  constitute  a  well  defined  crystalline 
genus.  If  an  octohedral  crystal  of  common  alum  be  placed  in 
a  solution  of  the  sulphate  of  alumina  and  ammonia,  the  crystal 
augments  in  size  by  the  addition  of  layers  of  it.  If  it  be  then 
removed  to  a  solution  of  sulphate  of  potash  and  peroxide  of 
iron,  it  acquires  another  layer ;  by  a  solution  of  sulphate  of 
ammonia  and  peroxicle  of  iron,  another  still ;  and  by  means  of 
solutions  of  the  alums,  which  consist  of  oxide  of  chrome 
united  to  potash  or  ammonia,  with  sulphuric  acid,  the  crystal 
may  grow  to  a  still  greater  size.  The  chemical  constituents  of 
the  crystal  may  thus  vary,  but  it  retains  its  form;  the  number 
of  equivalents  of  chemical  substances  contained  in  it  remains 
also  the  same,  although  they  may  not  remain  identical  in  na- 
ture. The  potash  and  the  ammonia  on  the  one  hand,  the 
oxide  of  iron,  the  alumina,  and  the  oxide  of  chrome  upon  the 
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other^  agree  in  producing  the  same  crystalline  arrangement  of 
particles ;  in  impressing  upon  their  compounds,  with  the  same 
bodies,  the  same  crystalline  form.  Bodies  so  related  are  called 
uomorphotts.  Oxide  of  zinc  and  magnesia  are  isomorphous ; 
barytes  and  oxide  of  lead  are -isomorphous;  whilst  lime  is 
a  dimorphous  body,  being  in  one  form  isomorphous  with 
magnesia,  and  in  the  other  with  oxide  of  lead.  Isomorphous 
bodies  are  remarkably  similar  in  their  chemical  properties ; 
they  follow  generally  the  same  laws  of  combination,  and 
hence,  as  shall  be  further  shown  in  the  chapter  on  chemical 
affinity,  the  principle  oi  isomorphism  has  been  of  the  highest 
importance,  in  developing  the  true  relations  of  chemical  sub- 
stances to  each  other,  and  the  intimate  connexion  of  the 
forces  which  produce  the  chemical  combination,  and  those 
which  direct  the  crystalline  arrangement  of  the  particles  of 
bodies. 

It  was,  some  time  ago,  considered  an  important  question, 
whether  the  ultimate  particles  of  bodies  had  the  same  figure 
as  their  primary  crystalline  form,  or  whether  they  were 
globular  or  ellipsoidal.  The  law  of  isomorphism  was  con- 
sidered, at  one  time,  to  result  from  the  ultimate  particles  of 
those  bodies,  being  themselves  isomorphous,  and  hence, 
when  entering  into  similar  combinations,  giving  to  them  also 
the*  same  form.  It  was  at  another  time  referred  to  the  princi- 
ple, that  in  any  chemical  combination  the  crystalline  form  was 
determined  by  the  number  of  molecules  or  atoms  present, 
and  was  independent  of  their  nature.  Neither  of  these  ideas 
has  been  found  sufficient ;  but  the  complete  discussion  of 
the  relations  of  the  isomorphous  bodies  will  be  found  in  a 
future  chapter. 

The  angular  dimensions  of  crystals  being  thus  the  mea- 
sures by  which  they  are  recognized  and  compared  with  one 
another;  the  instruments,  by  means  of  which  their  measure- 
ment is  effected,  require  a  few  words*  notice.  They  are 
called  goniometers,  (70VCOC  an  angle,  lurpfa  I  measure). 
The  simplest  form  consists  of  a  semicircular  scale  of  degrees 
attached  to  a  pair  of  blades,  which,  crossing  each  other  at 
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the  centre,  allow  of  the  crystal  being  adjusted  exactly  to 
their  edges,  and  then  show  the  value  of  the  angle,  by  the 
number  of  degrees  intercepted  on  the  scale^  between  the 
blades.  For  all  purposes  requiring  accuracy,  the  goniometer 
of  Wollaston  must  be  applied.  In  it,  the  angle  of  the  crystal 
is  determined,  by  measuring  the  number  of  degrees  through 
which  it  is  necessary  to  turn  the  crystal,  in  order  that  two 
rays  of  light,  reflected  successively  from  the  two  surfaces^ 
including  the  angle,  may  be  in  exactly  the  same  direction. 
To  the  adoption  of  this  principle  of  measurement  we  owe 
almost  all  the  great  advance  that  has  been  lately  made  in 
the  relations  of  the  crystalline  forms  of  bodies  to  their  che- 
mical and  molecular  constitution. 

In  all  that  has  formed  the  subject  of  the  chapter  which 
has  now  closed,  the  forces  brought  into  play,  and  the  effects 
which  were  produced  by  means  of  their  action,  were  not 
such  as  to  involve  the  principle  upon  which  all  purely  che- 
mical phenomena  are  based,  the  existence  of  a  variety  of 
elements.    The  laws  of  cohesion,  from  its  simplest  action 
in  a  liquid  to  its  most  complex  manifestation  in  a  doubly 
oblique  crystal,  might  have  existed  in  nature,  and,  being 
studied,  make  a  part  of  science,  independent  of  any  consi- 
deration  of  true  chemical  force,    although    serving  most 
usefully  for  the  identification  of  chemical  substances,   and 
capable  of  modifying  the  circumstances  of  their  mutual 
action,  in  an  eminent  degree. 


CHAPTER  II. 

OF    THE    PROPERTIES    OF    LIGHT    AS    CHARACTERIZING 
CHEMICAL    SUBSTANCES. 

I  SHALL  not  attempt  to  enter  into  the  details  of  the  his- 
tory of  the  mechanical  properties  of  light,  as  they  constitute 
one  of  the  most  parely  mathematical  of  the  physical  sciences, 
and  have  but  indirectly  a  relation  to  chemical  phenomena  : 
a  short  notice  of  these  properties  is,  however,  necessary,  in 
order  that  the  means  of  recognizing  chemical  substances 
may  be  fully  given. 

Light,  emanating  from  any  luminous  body,  moves  in 
straight  lines ;  the  smallest  portion  of  it  which  can  be  ad- 
mitted through  an  aperture  being  termed  a  ray.  When  a 
ray  of  light  falls  upon  the  surface  of  a  body,  it  is  either  bent 
back  again  or  it  passes  into  the  substance  of  the  body ;  the 
bending  back  is  termed  reflection^  and  is  regulated  by  the 
law,  that  the  angles  of  incidence  upon  the  surface,  and  of 
reflection  from  it,  are  always  equal.  It  is  thus  that  the 
images  are  formed  in  a  looking-glass ;  for  we  see  objects 
in  the  direction  in  which  the  ray  of  light  arrives  at  the  eye, 
and  hence  we  judge  the  image  to  be  as  much  behind  the 
mirror,  as  the  object  is  before  it. 

When  the  ray  of  light  has  passed  into  the  substance  of 
the  body,  it  may  be  absorbed,  in  which  case  the  substance, 
not  sending  any  light  to  the  eye,  appears  completely  black, 
or  is,  rather,  totally  invisible,  except  by  contrast  with  some 
other  body  placed  behind  it ;  or  the  light  may  be  transmit- 
ted, in  which  case  the  body  is  said  to  be  transparent,  as  the 
light  may  arrive  at  the  eye,  after  passing  through  the  sub- 
stance. Bodies  which  do  not  transmit  light  are  said  to  be 
opaque;  but  there  are  two  kinds  of  opacity,  that  of  black- 
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nes8«  where  the  light  which  falls  upon  the  object  is  totally 
lost  by  being  absorbed^  and  that  of  whiteness,  where  the 
light  18  reflected,  and  we  can  see  the  object  itself,  though  we 
cannot  see  anything  through  it.  Where,  in  an  opaque 
body,  the  light  is  partly  reflected  to  the  eye,  and  partly 
absorbed,  there  arises  the  diversity  of  colours  which  opaque 
bodies  may  possess. 

When  the  ray  of  light  is  neither  totally  reflected  from 
the  surface,  nor  lost  within  the  substance  of  the  body,  but 
passes  through  it,  it  is  refractedy  that  is,  its  direction  is 
changed,  and,  if  its  path  be  represented  by  a  line,  it  is 
broken  at  the  surface  of  the  medium,  and  hence  the  name* 
It  is  thus,  that  an  oar,  partly  immersed  in  water,  appears 
broken  at  the  surface.  Any  substance,  through  which  light 
is  moving,  is  termed  a  medium^  and  the  refraction  occurs  at 
the  limiting  sur&ce  of  the  two  media,  as  air  and  water,  air. 
and  glass,  though  not  to  the  same  degree  as  if  the  light  had 
passed,  into  the  most  refractive  medium,  directly  from  an 
empty  space.  This  refractive  power  is  of  importance,  as  a 
characteristic  property  of  bodies;  but  to  the  chemist  it  is 
specially  of  use  in  the  study  of  crystallized  bodies,  and  it  is 
hence  with  reference  to  the  principles  of  the  molecular  struc* 
tare  of  those  substances,  already  noticed,  that  the  refraction 
of  white  light  shall  be  examined. 

This  reflection,  absorption,  or  refraction  of  the  luminous 
rays  which  fall  upon  the  surface  of  a  body  is,  however,  in  no 
case  absolute  and  simple.  All  bodies  reflect  some  Ught,  and 
there  are  none  which  allow  light  to  pass  through  them, 
without  its  undergoing  some  absorption.  In  general,  light 
inddent  upon  a  body  is  divided  into  three  unequal  parts,  of 
which  one  is  reflected,  another  absorbed,  and  the  third 
transmitted,  and  the  nature  of  the  body  determines  which 
action  shaQ  be  most  powerful. 

In  uncrystallized  bodies  a  ray  of  light,  in  passing  from  a 
rarer  to  a  denser  medium,  is  generally  bent  towards  a  line 
perpendicular  to  the  surface  of  the  medium^  and  in  passing 
from  a  denser  to  a  rarer  medium,  the  refraction  is  from  the 
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perpendicular.  In  this  case,  the  law  of  refraction  is  sucb 
that,  the  sines  of  the  angles  of  incidence  and  refraction  are  to 
each  other,  in  a  constant  proportion,  no  matter  how  the  di- 
rection of  the  incident  ray  may  change,  and  the  number 
which  expresses  this  ratio  is  called  the  index  of  refraction. 

The  velocity  with  which  light  is  transmitted,  is  exceedingly 
great;  the  light  of  the  sun  arrives  at  the  earth  in  eight  mi- 
nutes, being  at  the  rate  of  195,000  miles  in  a  second.  This, 
however,  is  but  the  mean  velocity  of  the  coloured  lights 
which  a  solar  ray  contains,  for  these  differ  in  velocity, 
those  which  are  least  refrangible  being  transmitted  with  the 
greatest  quickness.  The  velocity  of  light  is  changed  when 
it  passes  from  one  substance  to  another,  and  it  is  this  change 
in  which  originates  refraction.  In  general,  the  denser  the 
medium  the  more  is  the  velocity  diminished ;  and  it  was  by 
the  experimental  proof  of  this,  that  one  of  the  most  tri- 
umphant testimonies,  in  favour  of  the  undulatory  theory  of 
light,  was  found. 

The  refractive  power  of  a  body,  is  not  connected  with  its 
chemical  constitution,  in  any  positive  manner;  but  inflammable 
substances  are,  generally  >  possessed  of  high  refractive  powers. 
It  was  this  which  led  Newton  to  the  celebrated  prophecy, 
that  the  diamond  should  be  combustible,  and  that  water 
should  possess  an  inflammable  constituent ;  but  many  bodies 
of  high  refracting  powers  are  not  at  all  combustible. 

The  refracting  power,  as  measured  by  the  refractive 
index,  is  given  for  some  of  the  more  remarkable  bodies  in 
the  following  table : — 


Realgar,  .     ,    . 

«-540 

Garnet,    ... 

1-815 

Octohedrite,  .    . 

2-500 

Oil  of  cassia,     . 

1-614 

Diamond,  .    .    . 

S-439 

Plate  glass,  .     . 

1-542 

Nitrate  of  lead,   . 

2-S22 

Oil  of  turpentine, 

1-475 

Phosphorus,  .    . 

2-234 

Water,     .    .    . 

1-336 

Sulphur,    .    .    . 

2-148 

Chlorine,      .    . 

1-000772 

Flint  glass,  from 

2-028 

Air,     .... 

i-000294 

to       ... 

1-830 

Vacuum,  .    .     . 

1-000000 
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In  uncrystallized  bodies,  the  molecular  arrangemeDt 
being  irregular  and  indefinite,  the  action  upon  light  is  the 
same  in  every  direction,  and  hence,  a  ray  of  light  undergoes, 
wben  passing  from  air  into  water,  or  glass,  simple  or  ordinary 
refraction ;  it  is  bent  out  of  its  path  by  an  angle  which  de- 
pends upon  the  angle  of  incidence,  by  the  law  of  the  pro- 
portionality of  their  sines*  In  bodies  which  crystallize  in 
the  regular  system,  where  there  are  three  precisely  similar 
axes,  the  molecular  constitution,  although  subjected  to  de- 
finite laws,  must  be  the  same  in  all  directions,  and  hence, 
a  ray  of  light  will  be  acted  upon,  in  such  a  crystal,  in  the  same 
manner,  no  matter  in  what  direction  it  may  go.  Hence,  in 
crystals  of  the  regular  system,  there  is  only  ordinary  re- 
fraction and  a  single  image. 

When  a  ray  of  light  passes,  however,  into  a  crystal  of  the 
rhombohedral  system,  it  is  differently  acted  upon,  according 
to  the  part  of  the  crystal  it  passes  through.  If  it  pass 
along  the  principal  axis,  it  is  equally  related  on  all  sides  to 
the  crystalline  forces,  and  hence,  as  in  the  crystals  of  the 
regular  system,  there  is  only  a  single  refracted  ray.  But, 
if  the  light  pass  in  any  other  direction,  it  is  divided  into  two 
portions,  one  of  which  is  refracted  according  to  the  ordinary 
law  of  the  sines,  whilst  the  other,  following  a  totally  new  law, 
is  termed  the  extraordinary  ray.  The  angle,  which  these 
two  rays  malce  with  each  other,  increases  according  as  the 
path  of  the  incident  ray  is  farther  from  the  principal  axis, 
and  when  the  light  falls  perpendicular  to  the  sides  of  the 
prism,  and  hence  to  the  principal  axis,  the  divergence  of  the 
two  refracted  rays,  is  the  greatest  possible.  In  the  square 
prismatic  system,  the  same  peculiar  action  upon  light  exists; 
when  a  ray  of  light  passes  along  the  principal  axis  of  the 
crystal,  it  undergoes  simple  refraction,  according  to  the 
ordinary  law,  but  in  any  other  direction,  the  ray  is  subdivided 
into  two,  of  which  one  is  refracted  in  the  ordinary  way,  and 
the  other  follows  a  new  and  peculiar  law. 

The  existence  of  double  refraction,  and  the  change  in  its 
amount,  according  to  the  direction  in  which  the  light  passes 


46  CRYSTALLINE    SYSTEMS. 

through  the  crystal,  may  easily  be  observed.  If  around  dot 
be  marked  with  ink,  on  a  sheet  of  paper,  and  a  rhomb  of 
calc-spar  be  laid  upon  it,  the  dot  will  appear  double,  and  on 
moving  the  crystal  round,  one  image  will  be  seen  to  revolve 
round  the  other.  By  changing  the  position  of  the  eye,  the 
distance  between  the  two  images  of  the  dots  will  be  found  to 
change ;  it  will  be  greatest  when  the  eye  is  in  a  line  con- 
necting a  solid  angle  and  the  centre  of  the  opposite  plane, 
but  to  efface  the  double  image,  and  obtain  single  refrac- 
tion, new  surfaces  would  require  to  be  cut  perpendicular  to 
the  principal  axis.  In  a  natural  crystal,  there  are,  therefore, 
always  two  images  of  an  object  seen  through  it. 

In  the  remaining  three  classes  of  crystals,  where  the 
rhombic  octohedron,  whether  right  or  oblique,  gives  the 
predominant  character  to  the  forms,  the  existance  of  a 
molecular  constitution,  regulated  by  the  same  cause  as  the 
external  figure,  is  displayed  in  a  peculiarly  striking  manner. 
There  is  no  longer  a  single  line,  in  the  crystal,  in  which 
ordinary  refraction  alone  occurs,  but  there  are  two  such  lines, 
or  axes  of  simple  refraction.    These  axes,  however,  do  not 
now  coincide  with  the  principal  crystalline  axis,  as  was  the  ease 
when  there  was  only  one,  but  their  position  is  so  dependant 
on  that  of  the  crystalline  axes,  as  to  show  that  they  are  the 
resultants  of  the  forces  which  emanate  from  th^n,and  which 
govern  all  the  molecular  actions  of  the  crystal*   If  the  ray  of 
light  does  not  pass  exactly  along  one  of  these  axes,  but  at 
some  distance  from  them,  it  is  divided  into  two  rays,  and  of 
these  rays,  both  follow  new  and  peculiar  laws  of  refraction, 
the  proportionality  of  the  sines  being  totally  abandoned. 
The  real  distinction  of  the  crystalline  systems  is  thus  com- 
pletely proved,  by  the  existence  of  these  remarkable  optical 
properties,  by  which  they  are  characterized,  and  so  perfect 
is  this  distinction,  that  in  cases  where  the  external  form  and 
cleavage  would  lead  us  totally  astray,  the  optical  properties 
of  the  body  may  show  us  its  true  crystalline  position.    Thus 
the  mineral  boracite  (borate  of  magnesia)  crystallizes  in 
cubes,  which  were  remarkable,  however,  for  an  anomalous 
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i;eplaeement  of  the  opposite  solid  angles,  by  triangular  planes. 
When,  however,  boracite  was  optically  examined,  it  was  found 
to  possess  double  refraction,  and  to  appear  cubical,  only,  from 
the  acddental  circumstances  of  its  rectangular  axes  being 
exactly  equal  to  each  other. 


When  a  ray  of  white  light,  s,  p,  admitted  into  a  darkened 
room  through  an  aperture,  h,  passes  into  a  refracting  sub- 
stance a.  A,  6,  c,  whose  surfaces  are  parallel,  its  path  after 
refraction  is  parallel  to  its  original  course,  and  the  ray  con- 
tinues white ;  but  if  the  surfaces  of  the  refracting  medium  be 
not  parallel,  if  it  be  a  prism,  a,  b,  c,  the  ray  of  white  light  is 
separated  into  a  number  of  rays  of  light,  of  different  colours, 
and  of  different  refrangibilities  as  at  g,  and  if  it  had  been  de- 
rived from  the  sun,  in  place  of  a  round  white  image,  p,  there 
is  formed  a  series  of  solar  images  of  different  colours  which, 
overlapping  each  other,  produce  a  long  band,  which  is 
termed  the  prismatic  spectrum  or  image,  of  the  sun.  The  • 
order  of  colours,  the  same  as  that  seen  in  the  rainbow,  is, 
commencing  with  the  rays  of  greatest  refrangibility,  violet, 
indigo,  blue,  green,  yellow,  orange,  and  red ;  the  length  of 
the  spectrum,  and  the  space  occupied  by  each  colour,  varying 
with  the  nature  of  the  refracting  body,  according  to  what  is 
termed  its  dispersive  power.  White  Kght  is,  therefore,  not  a 
simple,  but  a  highly  complex,  phenomenon,  consisting  of  im- 
pressions made  simultaneously  on  the  eye,  by  the  lights  of 
these  various  colours.  This  may  be  verified  by  experiments 
of  very  simple  performance:  if  a  circular  disk  be  painted 
with  the  colours  of  the  spectrum,  in  segments  proportional 
to  the  spaces  which  each  colour  occupies,  in  the  length  of 
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the  spectrum,  and  then  be  made  to  revolve  rapidly  on  a  central 
axis,  the  eye  loses  the  sensation  of  the  individual  colours, 
and  an  uniform  greyish  white  tinge  is  produced :  if  we  had 
colours  as  perfect  as  those  of  pure  solar  light,  their  reunion 
should  form  pure  white,  and  this  actually  may  be  produced 
by  receiving  the  spectrum  on  a  lens,  by  which  all  the  co- 
loured rays  are  brought  to  bear  upon  a  single  point,  the 
focus,  where  reproduction  of  the  original  white  light  takes 
place. 

Herschel  has  recently  discovered,  that  there  exists  in  the 
spectrum,  beyond  the  limits  of  the  violet  rays,  other  rays  of  a 
still  higher  refrangibility,  and  of  a  colour  which  he  proposes 
to  term,  lavender.  This  lavender  light  cannot  be  merely  a 
weaker  form  of  violet  light,  for  on  concentrating  it  by  means 
of  a  lens,  it  remains  still  unaltered,  and  appears  to  have  no 
tendency  to  assume  a  violet  tinge  when  it  becomes  more  in- 
tense. If  this  proposal  be  adopted,  there  are  then  eight 
prismatic  colours,  and  although  some  peculiarity  of  vision, 
with  regard  to  colours,  may  cause  a  difference  of  opinion,  yet 
the  evidence  obtained  by  Herschel,  of  the  real  existence  of 
simple  lavender  coloured  light,  appears  to  be  satisfactory. 

Of  the  seven  prismatic  colours,  there  are  four  which  can- 
not be  considered  as  simple  lights,  but  as  being  formed  by  the 
mixing  of  rays  of  two  different  colours,  having  the  same  refran- 
gibility: these  are  orange,  green,  indigo,  and  violet ;  the  first 
being  the  mixture  of  the  superposing  extremes  of  the  red  and 
yellow,  the  second  of  the  yellow  and  blue,  and  the  third  and 
fourth  of  blue  with  red  remaining  in  excess.  There  is,  in  fact, 
blue,  red,  and  yellow  lights  spread  over  every  portion  of  the 
spectrum,  and,  if  they  were  so  in  equal  quantities,  the  spectrum 
should  be  white,  and  we  could  not  have  any  decomposition 
of  light  by  refraction ;  but,  although  there  are  blue  rays  of 
every  degree  of  refrangibility,  yet  the 'larger  proportion  of 
them  have  a  refrangibility  greater  than  those  of  any  other 
colour,  and  they  are  hence  collected  nearer  the  upper  ex- 
tremity of  the  spectrum.  A  portion  of  red  light  is  spread 
also  over  the  whole  surface,  but  the  majority  of  the  red  rays, 
having  low  refrangibility,  are  thrown  to  the  opposite  extre- 
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mtjf  whilst  the  great  proportion  of  the  yellow  rays,  having 
a  mean  refrangibility^  occupy  the  centre.  In  every  portion 
of  the  spectrum  there  is,  therefore,  mixed  blue,  red,  yellow, 
and  hence  white  light ;  but  where  these  simple  lights  pre- 
vail the  colours  of  the  spectrum  are  produced,  and  where 
two  are  present  in  excess,  over  the  quantities  which  form 
white  light,  the  secondary  colours^  orange,  green,  indigo, 
and  violet  are  formed.  The  intensity  of  these  spectra  of 
simple  light  in  each  portion  of  the  pris- 
matic spectrum  is  represented  in  the  fi- 
gure by  the  distance  of  the  curved  lines, 
R,  Y,  B,  from  the  ground,  m,  n.  Where 
the  red  rises  beyond  the  yellow  and  blue, 
the  red  space  of  the  spectrum  is  pro- 
duced; where  the  curve  of  the  yellow 
light  prevails,  the  space  is  coloured  yel- 
low, and  similarly  in  the  blue;  at  the 
point  where  the  curves  of  the  red  and 
yellow  meet,  the  tint  is  orange ;  where  the  yellow  and  blue 
axe  equal,  the  colour  produced  is  green  ;  and  where  the  red 
and  blue  are  both  in  excess  over  the  intermediate  yellow, 
there  is  violet. 

This  view  of  the   constitution  of  the  solar  spectrum, 
leading  to  the   remarkable  and  unexpected   consequence 
that  there  may  be  white  light  unalterable  by  the  prism,  its 
coloured  rays  having  all  the  same  degree  of  refrangibility, 
was  obtained  by  Brewster,  by  means  of  the  absorbing  power 
of  coloured  bodies*    If  a  ray  of  white  Ught  be  incident  upon 
a  glass  coloured  red  by  suboxide  of  copper,  it  is  decom* 
posed  in  passing  through  it,  the  yellow  and  blue  lights  being 
intercepted  or  absorbed,  and  the  red  rays  alone  being  trans- 
mitted. A  glass  does  not  possess  this  property  of  absorbing 
certain  kinds  of  light,  because  it  is  coloured,  but  it  appears 
coloured  to  our  vision  because  it  acts  so  upon  white  light 
The  colours  so  given  to  glass  are  of  great  importance  from 
the  use  which  is  made  of  them  for  ornamental  purposes  in 
the  arts;  but  they  afford  also  to  the  chemist  one  of  the 
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moat  delicate  and  most  certain  means  of  detecting  msBy 
metallic  substances,  thus  :— 

Cobalt  is  known  by  colouring  glass  blue. 

Nickel       „  „  „  orange. 

Chrome  and  vanadium         f,  green. 

Copper      „  „  „  green  or  red. 

Iron  „  „  „  yellow  or  green. 

Magnanese  „  ,,  purple. 

Silver         „  „  „  yellow  or  orange. 

Grold  „  99  if  crimson. 

And  these  are  not  the  only  cases  in  which  colours  are  pro- 
duced. 

The  colours  of  chemical  compounds  are  so  varied,  that 
there  cannot  be  laid  down  any  principle  by  which  they  could 
be  arranged :  thus,  lead  forms  with  other  simple  bodies  com- 
poimds  which  are  brown,  or  red,  or  yellow,  or  white ;  mer- 
cury has  a  still  greater  range.  There  are,  however,  certain 
general  facts  worth  bearing  in  mind,  in  which  classes  of 
bodies,  to  a  certain  extent,  are  characterized  by  colour: 
thus,  the  ordinary  compounds  of  copper  are  usually  green 
9r  blue ;  those  of  nickel,  green ;  those  of  cobalt,  pink  or 
blue;  those  of  chrome,  green  or  purple.  A  singular  property 
of  certain  bodies  consists  in  what  is  termed  dickroUm,  that 
is,  when  seen  by  light  which  has  passed  in  different  direc- 
tions, they  appear  of  different  colours ;  which  are  often  com- 
plementary, or  such  as,  when  mixed  together,  should  fonn 
white  light.  This  dichroism  occurs  only  in  crystals  which 
refract  doubly,  and  in  which  the  absorption  takes  place 
unequally  along  the  two  refracted  rays. 

The  colours  of  natural  bodies,  seen  by  transmitted  lights 
depend  thus  upon  the  analysis  which  they  effect  of  the  light 
incident  upon  them,  and  of  which  they  absorb  one  portion 
and  transmit  another.  Where  the  object  is  seen  by  reflected 
light,  its  colour  is  generally  different  from  that  given  by 
transmitted  Kght,  for  it  frequently  reflects,  in  considerable 
quantity,  the  light  which  it  does  not  transmit.  Thus,  solu- 
tion of  litmus,  when  seen  by  transmitted  light,  is  of  a  rich 


POLARIZATION  OF  LIGHT.  51 

reddish  purple^  but^  seen  by  reflected  light,  of  a  fine,  pure 
blue.  In  general  a  portion  of  the  light  is  reflected  from  the 
second  surface,  tinged  like  the  transmitted  portion,  which, 
mixing  with  that  properly  reflected  at  the  first  surface,  mo- 
difies its  colour.  The  transmitted  and  reflected  lights  are 
sometimes  truly  complementary ;  thus,  sea  water,  seen  by 
reflection,  is  of  a  fine  green,  but  the  light  which  it  transmits 
is  pink. 

When  a  ray  of  light  is  reflected  from  any  surface  at  a 
particular  angle,  which  is  for  glass  B6^4i6'y  and  for  water  ^ 
11';  it  acquires  peculiar  properties  which  it  had  not  pre- 
viously possessed,  and  is  said  to  be  polarized.  If  the  ray  be 
then  made  to  fall  upon  a  second  reflecting  surface,  the 
eflTect  Taries  according  to  the  position  of  the  plane  of  the 
second  reflected  ray.  The  reflection,  if  it  be  in  the  same 
plane  as  the  first,  is  complete,  but  if  it  be  at  right  angles  to 
the  first  there  is  no  light  reflected :  in  intermediate  positions 
the  quantity  of  light  reflected  varies  according  to  the  angle 
which  the  second  makes  with  the  original  plane.  Light  is 
thus  said  to  be  polarized  by  reflection.  In  all  cases  of  re^ 
flection  there  is  some  of  the  light  thus  modified,  for,  although 
the  angles  above  mentioned  are  those  at  which  alone  the 
polarization  is  complete,  at  all  other  angles  the  light  re- 
flected is  partiaDy  polarized  in  a  degree,  according  to  its 
deviation  on  either  side  from  the  proper  angles. 

Polarization  may  be  efi*ected  by  various  other  means,  as 
by  refraction  or  absorption.  Even  in  ordinary  refraction  some 
of  the  light  transnutted  is  polarized,  but  it  is  mixed  with 
00  nraeh  ordinary  light  that  its  properties  are  obscured : 
bowever,  if  the  same  quantity  of  light  be  refracted  often  it 
may  be  polarized  completely ;  and  hence,  transmitting  a  ray 
of  ordinary  light,  at  a  certain  uigle,  through  a  pile  of  paral- 
lel glass  plates,  is  a  usual  mode  of  polarizing  it.  In  double 
refractiooi  the  polarization  of  the  refracted  light  is  perfect, 
and  the  two  emergent  rays  are  found  to  be  polarized  in 
"planes  at  right  angles  to  each  other.  If  these  proceed  toge- 
ther to  the  eye,  they  mix  again,  and  thus  recompose  the  ori*' 
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ginal  ray  of  common  light ;  but  by  contrivances^  such  as  in 
Nichol's  prism,  one  may  be  turned  aside  or  absorbed,  and 
then  the  other  used.  In  polarizing  light,  by  absorption,  the 
mineral  tourmaline  is  generally  used ;  this  is  a  doubly  re- 
fracting substance,  of  such  a  nature  that  it  absorbs  com- 
pletely one  refracted  ray  and  transmits  the  other.  It  there- 
fore gives  only  a  single  image  of  any  object,  but  this  image 
is  formed  by  light  completely  polarized.  If  two  pieces  of 
tourmaline  be  laid  together,  and  that  the  direction  of  their 
crystalline  axes  be  the  same  in  both,  they  act  similarly  upon 
the  light,  and,  the  same  polarized  ray  being  transmitted 
by  both,  the  brightness  of  the  image  is  almost  the  same 
with  the  two  as  with  only  one;  but  if  they  be  placed  with  their 
crystalline  axes  at  right  angles  to  each  other,  the  ray  that  is 
transmitted  by  the  first  is  absorbed  by  the  second,  and  no 
light  can  pass.  If  a  ray  of  light  be  polarized  by  reflection  or 
refraction,  it  is  known  that  the  polarization  has  been  com- 
plete when  the  ray  is  totally  absorbed  by  a  tourmaline,  the 
axis  of  which  is  perpendicular  to  the  plane  of  polarization 
of  the  ray. 

When  a  ray  of  light  so  polarized  passes  through  a  doubly 
refracting  substance,  it  undergoes  double  refraction  like  a 
beam  of  ordinary  light,  being  divided  into  two  rays,  polarized 
in  two  new  planes  at  right  angles  to  each  other,  and  when 
these  two  rays  are  received  upon  another  polarizing  instru- 
ment, they  are  each  divided  into  two  portions,  again  at  right 
angles,  which  unite,  as  the  planes  of  polarization  coincide 
two  and  two,  and  by  their  union  produce  some  of  the  most 
beautiful  phenomena  in  optics;  for,  as  in  the  doubly  refracting 
substance  through  which  the  ray  has  passed,  the  two  por- 
tions move  with  different  velocities  according  to  the  re- 
fractive indices  of  the  body,  one  issues  in  advance  of  the 
other  by  a  certain  distance,  and  according  to  this  distance, 
which  depends  on  the  difference  between  the  two  refractive 
indices  of  the  body,  a  series  of  colours  is  produced,  the 
most  gorgeous  that  can  be  imagined,  for  every  little  differ- 
ence of  thickness  a  different  colour  is  shown ;  with  the 
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same  thickness  the  colour  passes  through  all  the  prismatic 
tints,  according  as  the  plane  of  polarization  of  the  ray  of 
light  is  altered,  and  thus  the  action,  exercised  upon  the  ray 
by  the  doubly  refracting  substance,  shows  itself  in  a  manner 
equally  beautiful  and  strange. 

The  apparatus  used,  in  so  employing  polarized  light  to 
exhibit  these  properties  of  bodies,  consists  in,  first,  a  means 
of  polarizing  the  ray,  which  may  be  any  of  those  before 
described,  but  which  is  generally  a  flat  plate  of  obsidian  or 
blackened  glass,  by  which  a  polarized  reflected  ray  is  ^ven* 
The  substance  to  be  examined  is  supported  upon  a  frame, 
in  a  plane  perpendicular  to  the  direction  of  the  ray,  or,  if 
it  be  fluid,  a  glass  tube  is  filled  with  it,  and  being  closed  by 
plates  of  glass  with  parallel  surfaces,  it  is  so  placed  that  the 
ray  shall  pass  along  the  axis  of  the  tube.  The  ray,  after 
emergence,  is  examined  in  order  to  detect  the  modifications 
which  it  has  undergone,  by  an  apparatus  termed  the  ana- 
lyzing piece,  which  may  be,  where  two  images  are  required, 
a  doubly  refracting  prism,  or,  where  only  one,  the  NichoFs 
prism,  a  doubly  refracting  prism  in  which  one  image  is 
destroyed ;  a  tourmaline  might  also  be  used,  but  the  brown 
or  olive  colour,  which  tourmalines  possess,  would  deprive 
the  phenomenon  to  be  observed  of  much  of  the  interest  it  de- 
rives from  the  beautiful  display  of  colours. 

In  nothing  is  the  action  of  polarized  light  so  interesting 
as  in  the  evidence  which  it  gives  of  the  internal  constitution 
of  crystals  of  the  difierent  systems  that  have  been  described; 
for  the  real  difference  of  molecular  arrangement  in  crystals 

belonging  to  these  various  sys- 
tems, is  rendered  still  more  re- 
markably distinct  by  the  action 
which  they  exercise  upon  light 
in  this  peculiar  state  of  plane 
polarization.  If  a  ray  of  polar- 
ized light  pass  along  the  prin- 
ciple axis  of  a  crystal  belonging 
to  the  rhombohedral,  or  to  the 
square  prismatic  system^  and  on 
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issuing  be  examined  by  means  of  art  analyzing  plate,  Ac 
axis  of  the  crystal  is  seen  to  be  surrounded  by  a  series  oiF 
beautifully  rainbow-coloured  rings,  the  centre  bemg  occupied 
either  by  a  cross  which  is  alternately  black  and  white,  ac- 
cording as  the  analyzing  plate  revolves,  as  with  [calc|,  spar,, 
fig.  a,  or  a  circular  space  which  is  occupied  successively  by 
a  series  of  colours,  similar  to  those  which  form  the  rings,  as 
in  quartz* 

If  the  crystal  belong  to  any  of  the  more  complex  systems, 
and  that  its  optical  axes  be  not  much  inclined  to  one  another, 
;]i  there  will  be  seen,  on  transmit- 

ting a  ray  of  polarized  light 
along  the  crystalline  axis  inter- 
mediate to  the  two,  a  double 
system  of  rings,  which  uniting, 
form  a  very  beautiful  curved  fi- 
gure, such  as  is  represented  in 
figure  6,  which  is  the  phenome- 
non as  seen  with  nitre.  The 
curves  are  crossed  by  two  bands, 
black  or  white,  according  as  the 
analyzing  plate  revolves,  but 
which,  when  the  crystal  is  turned 
round  on  its  principal  axis,  open  out,  revolving  each  on  its 
axis,  A  or  b,  and  bend  with  the  convexity  towards  the  centre 
of  the  figure.      In  substances,  as  topaz  and  carbonate  of 

soda,  where  the  axes  make  a 
large  angle  with  each  other,  the 
complete  system  of  rings  cannot 
be  at  once  seen,  and  only  one- 
half,  or  the  portion  round  one 
axis,  as  in  the  case  of  topaz  in 
figure  e,  is  visible  in  one  direc- 
tion. The  angle  of  the  axes  in 
topaz  is  18**  3(y,  but  in  other 
cases,  it  may  be  much  greater ; 
thus  with  green  sulphate  of  iron 
tliey   are  at  right  angles   with  each  other. 
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The  phyncal  production  of  these  beaatiftil  phenomena 
iiiFolyes  optk&l  principles  too  recondite  to  be  here  intnn 
duoed.  It  id,  for  the  purposes  of  the  chemist,  sufficient  to 
day,  that  they  arise  from  the  mutual  action  of  the  two  rays, 
vhich  are  produced  by  the  double  refraction  of  the  crystal, 
and  hence,  if  there  be  not  double  refraction,  there  can  be  no 
colours  produced.  With  crystals  of  the  r^nlar  system, 
there  is  consequently  no  such  result,  and  hence,  such  crys- 
tals are  recognized  by  the  complete  absence  of  coloured 
rings. 

The  optical  properties  of  the  different  systems  of  crystal- 
lization may  be  thus  summed  up. 

i. — ^Regular  system.     Single  refraction.  ^    ,    .    f  v  Z|. 


Double  refraction 
with  one  axis. 


Double  refraction 
with  two  axes. 


Simple  system  of 
rings  by  polar^ 
ized  light. 


Double  system  of 
rings  by  polar* 
ized  light. 


2. — ^Rhombohedral 

system 
S. — Square  prismatic 

system      • 

4. — ^Right  prismatic 
system      .     • 
6. — Oblique  prbma* 

tic  system 
6. — ^Doubly  oblique 
prismatic  sys- 
tem     .    •    . 

When  crystals  form  in  a  crowded  or  confused  manner, 
it  frequently  happens,  that  not  merely  are  their  surfaces 
modified  in  a  complicated  way,  but  that  several  crystals  be- 
come soldered  together  so  completely,  as  to  sunulate  a  single 
form  which  does  not  belong  to  the  substance  of  which  the 
crystal  is  composed.  These  crystals  are  called  macles,  or  twin 
or  bemitrope  crystals.  Sonle  bodies  have  a  remarkable  ten- 
dency to  crystallize  in  this  way;  thus,  sulphate  of  potash  had 
been  long  considered  as  crystallizing  in  six-sided  prisms,  ter- 
minated by  six-sided  pyramids,  and  such  crystals  of  it  occur 
with  almost  exactiy  the  proportions  of  the  rhombohedral 
system ;  but  by  optical  examination,  this  figure  was  found  to 
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be  composed  of  three  or  six  of  the  true  crystals,  which  are 
right  rhombic  prisms  of  the  fourth  system.  These  beinglaid  to- 
gether,  form,  by  their  angles  exactly  joining,  a  six-sided  prbm, 
but  when  tested  by  polarized  light,  they  show,  in  place  of  the 
system  of  rings,  which  a  true  crystal  should  produce,  the 
tesselated  structure  of  the  figure.     In  many  cases,  the  agglu- 
tination of  the  crystals  is  less  com- 
plete, and  irregular  figures,  with 
the  sides  channelled  by  the  imper- 
fect joints,  are  found.   A  substance 
which  illustrates  remarkably  this 
tendency  to  the  macled  form,  is 
the  mineral    analcime,  which    is 
termed  also  cubizite,  from  its  forms  belonging  most  per- 
fectly, so  far  as  external  characters  go,  to  the  regular  sys- 
tem.    It  has,  however,  no  distinct  cleavage  planes,  and  re- 
fracts doubly.    When  examined  by  a  ray  of  polarized  light, 
the  cube  of  analcime  gives  a  most  beautiful  appearance. 
The  diagonals  of  each  surface  become  occupied  by  lines, 
which  are  alternately  black  and  white,  according  as  the 
analyser  is  made  to  revolve,  and  in  the  intervening  triangular 
spaces  the  richest  colours  of  the  rainbow  succeed  one  ano- 
ther, according  to  the  optical  laws.    This  crystal  is,  there- 
fore, made  up  of  a  great  number  of 
other  crystals  belonging  to  some 
one  of  the  more  complex  systems, 
but  its  structure  is  so  extraordinary, 
that  the  determination  of  the  form 
of  its  real  crystal  has  been  as  yet 
impossible.    In  this  instance,  and 
in  that  of  boracite,  already  noticed, 
the  optical  properties  have  been  the  means  of  showing  the 
true  nature  ofbodies,  which,  from  their  external  form,  should 
otherwise  have  been  ranked  among  those  which  crystallize 
in  the  forms  of  the  regular  system. 

It  has  been  noticed  as  a  general  character  of  the  crystals 
of  the  rhombohedral  and  square  prismatic  systems,  that  by 
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the  analysis  of  a  beam  of  polarized  light,  transmitted  along 
the  principal  axis,  there  is  seen  a  system  of  coloured  rings, 
traversed  by  a  cross,  alternately  black  and  white,  as  the 
analysing  plate  reyolyes,  but  further,  that  in  the  case  of 
quartz,  the  cross  is  not  produced,  the  central  space  being 
occupied  in  succession  by  all  the  prismatic  colours.  Even 
in  quartz,  there  have  been  found  two  modifications  of  this 
property,  with  one  the  analysing  plate  must  be  turned  from 
right  to  left,  to  obtain  the  spectral  colours,  firom  red  to 
▼iole^  but  with  the  other,  the  rotation  must  be  in  the  oppo* 
site  direction,  to  show  them  in  the  same  order.  The  mole- 
cules of  the  quartz  cause  these  colours  to  appear  along  the 
aus,  by  turning  the  plane  of  polarization  of  each  colour 
round  in  a  difierent  degree,  and  thus  opening  out,  into  a  fan 
shape,  those  combined  lights,  which  had  previously  affected 
the  eye  only  as  white  or  black.  This  faculty  does  not  de- 
pend upon  the  manner  of  arrangement  of  the  particles  of 
the  quartz;  it  involves  the  chemical  nature  of  the  molecules, 
and,  although  some  observations  appeared  to  connect  it  with 
the  crystalline  structure,  it  is  now  fully  established  to  be  in- 
dependent of  it*  In  fact,  this  property  of  circular  polarixa* 
#fon,  as  it  is  termed,  belongs  to  certain  bodies,  independent 
of  their  arrangement,  and  even  in  many  cases,  accompanies 
them  when  they  enter  into  combination.  It  is  even  found 
in  liquids,  particularly  the  volatile  oils,  and  when  oil  of  tur- 
pentine is  converted  into  vapour,  its  molecules  preserve  un- 
aflfected  their  rotative  power.  Its  existence  is,  however,  sub- 
jected to  remarkable  anomalies ;  thus,  when  oil  of  turpentine 
combines  with  muriatic  acid,  and  forms  artificial  camphor, 
it  retains  its  power  of  rotation,  but  when  the  artificial  cam- 
phor is  decomposed,  and  the  oil  of  turpentine  got  back  again, 
its  power  of  changing  the  plane  of  polarization  of  the  ray  of 
light  has  totally  disappeared. 

In  cases,  therefore,  where  bodies  exhibit  this  action 
upon  light,  their  power  of  rotation  becomes  an  important 
numerical  fact  in  their  descriptions,  and  it  may  be  measured 
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by  the  angle  through  which  a  certain  thickness  of  the  body 
is  capable  of  moving  the  plane  of  polarization  of  a  ray  of 
homogeneous  light,  such  as  the  pure  red,  given  by  glass 
coloured  by  sub-oxide  of  copper*  It  may  also  be  expressed, 
when  white  light  is  used,  by  the  angle  at  which  the  pure 
▼iolet  is  produced,  and  the  direction  of  rotation  is  ex- 
pressed by  an  arrow,  turned  either  to  the  right  or  left,  ac- 
cording as  it  is  necessary  to  make  the  analyzing  crystal  re- 
volve to  the  one  or  the  other  side.  Thus,  the  rotative  power 
of  oil  of  turpentine,  contained  in  a  tube  six  inches  long,  is 
for  red  light,  45®« — «*and  of  oil  of  lemons,  in  the  same  length, 
340^. — ^,  Xhe  rotative  power  of  quartz  is  about  68*5  times 
greater  than  that  of  oil  of  turpentine.  This  property  is 
beautifully  applied  to  trace  the  changes  which  occur  during 
ihe  saccharine  fermentation :  a  solution  of  starch  possesses 
a  high  «•— »  power,  but  it  gradually  changes  into  the  sugar  of 
grapes,  the  rotative  power  of  which  is  *«—«>.  Hence,  the 
action  of  the  starch,  when  fermentation  has  commenced,  ra- 
pidly diminishes,  until  there  is  so  much  sugar  formed,  that 
ihe  «»-^  and  — «•  exactly  balance,  and  the  solution  is  totally 
without  action  upon  a  polarized  ray ;  after  that  the  quantity 
of  sugar  still  increasing,  the  rotation  becomes ««— «  and  in- 
creases until  all  the  starch  has  been  decomposed*  With 
such  a  solution,  knowing  the  total  quantity  of  starch  origi- 
nally dissolved,  the  measure  of  its  rotative  power  enables  the 
quantity  of  sugar  present  to  be  at  once  calculated.  The 
juices  of  plants  which  contain  sugar,  as  the  beet-root,  the 
maple,  the  sugar  cane,  may  be  exactly  valued  by  a  simple 
determination  of  their  rotative  power,  compared  with  their 
i^ecific  gravities*  This  property  of  the  circular  polarization 
of  a  ray  of  light,  which  at  the  first  aspect  might  appear  so 
fiir  removed  from  proper  chemical  inquiry,  or  useful  ap- 
plication, becomes  thus  an  instrument  from  which  the  dis- 
tiller or  sugar  boiler  may  every  day  derive  advantage ;  and 
when  we  come  to  discuss  the  means  by  which  we  endeavour 
to  learn  the  internal  constitution  of  bodies,  produced  by 
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chemical  affinity,  we  shall  find  that  the  light  which  ordinary 
polarisation  throws  upon  the  internal  mechanical  structure 
of  the  crystal,  is  not  more  brilliant  than  that  which  we  obtain 
<tf  tiie  arrangement  of  the  chemical  constituents  by  their 
eircularly  pcdarisdng  power. 

Some  specimens  of  quartz,  appear  destitute  of  this  rota- 
tire  power:  the  purple  quartz,  amethyst,  is  generally  so,  and 
gives  with  polarized  light,  the  ordinary  black  cross.  But 
these  peculiarities  of  quartz  are  related  to  their  crystalline 
arrangement.  Thus  in  those  specimens  which  possess  rota* 
tire  power,  the  solid  angles  of  the  pyramid  (*,  page  88,)  arc 
generally  replaced  by  planes  which  are  unequally  inclined 
to  the  axes,  and  where  these  planes  are  present,  the  direction 
of  the  rotation  can  be  foretold,  it  being  to  the  right  or  to 
the  left,  according  as  these  unsymmetrical  faces  are  inclined. 
Such  crysUls  are  tenxied  plagihedrai ;  as  in  the  cases,  where 
no  such  faces  can  be  traced  the  rotative  power  is  generally 
absent,  and  this  arises,  as  is  remarkably  evident  in  amethyst, 
from  the  crystal  being  formed  of  separate  crystals  rolled  up 
together,  and  as  these  may  possess  opposite  rotations,  and 
so  neutralize  each  other,  the  action  on  light  should  be  like 
that  of  calcareous  spar,  which  has  no  rotative  power.  Such 
crystals  are  truly jaaacles,  and  hence  the  circular  polarization 
may  show  a  stiU  more  intimate  crystalline  arrangement,  than 
could  be  detected  by  light  in  its  ordinary  polarized  condition* 

With  such  an  example,  it  was  not  difficult  to  conclude, 
that  the  power  of  rotation  depended  on  the  crystalline  ar- 
rangement, particularly  as  quartz,  in  all  its  uncrystallized 
conditions,  is  devoid  of  all  rotative  power,  and  accordingly, 
until  the  discovery  of  the  power  of  rotation  in  liquids,  and 
that  this  property  was  found  to  accompany  the  molecules  of 
the  body,  through  all  states  of  aggregation,  it  was  considered 
to  have  its  origin  in  the  mechanical  structure  of  the  body, 
but  we  must  now  invert  the  argument,  and  infer  that  the 
diflerence  of  rotative  power  in  right-handed  and  left-handed 
Quartz,  does  not  result  from  the  difference  of  crystalline  ar- 
rangement, but  that  this  last  is  caused  by  actual  differ- 
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ence  of  properties  in  the  molecules  themselTes^  of  whici 
the  most  remarkable  is  detected  by  the  opposite  actions  upon 
light. 

The  impression  of  light  was  at  one  time  considered  to  be 
produced  by  a  series  of  exceedingly  minute  particles,   of  a 
peculiar  substance,  emanating  from  the  sun  and  from  burn- 
ing or  luminous  bodies,  and  which  strike  upon  the  eye. 
This  idea  has  been,  howeyer,  now  almost  totally  abandoned, 
and  all  the  phenomena  are  considered  to  arise  from  the 
vibrations  of  an  exceedingly  attenuated  medium,   thrown 
into  waves  by  luminous  bodies  of  every  kind,  and  which,  filling 
all  space,  and  being  diffused  through  the  substance  of  the 
most  solid  bodies,  and  occupying  the  spaces  between  their 
more  substantial  molecules,  transmits  and  modifies  these 
vibrations,  and  confers  upon  substances  transparency  or 
opacity,  colour,  and  all  other  properties  i>f  acting  upon  light 
which  they  may  possess. 

This  medium,  or  luminiferous  ether,  as  it  is  termed,  is 
supposed  capable  of  vibrating  in  waves  of  different  lengths, 
and  from  this  difference  in  length  of  wave  arises  the  differ- 
ence in  colour  of  the  light  produced.    The  shortest  wave 
produces  violet,  the  most  refrangible  light;  the  longest  wave, 
red,  the  least  refrangible  light:  the  length  of  the  wave 
being,  in  all  cases,  inversely  proportional  to  the  refrangi* 
bility  of  the  light.    The  impression  of  the  different  colours 
arises,  therefore,  precisely  as  the  impression  of  different 
sounds  is  produced,  by  a  difference  in  the  length  of  the 
waves  in  the  vibrating   air ;  the  shortest  wave,  in  sound, 
giving   the  highest  note,  and,  in  light,  giving   the  violet 
colour.      The    actual  length  of  these   waves  of  light  is 
extremely  small;  for  violet  light  there  are  57*490  in  an 
inch,  for  red,  39*180,  the  average  of  the  different  colours 
being  50*000,  and  hence  in  white  light  there   acts  upon 
the  eye  in  every  second  610*000000-000000  luminiferous 
vibrations. 

In  the  case  of  doubly  refracting  crystals  with  one  axis, 
that  is,  those  belonging  to  the  rhombohedral  and  the  square 
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prismadc  system^  the  elasticity  of  the  ether  is  supposed  to 
be  so  far  modified  by  the  arrangement  of  the  molecules  of 
tbe  body,  that  the  velocity  of  propagation  of  the  waves 
is  more  rapid  in  one  direction,  than  in  another  at  right  angles 
to  it,  and  hence  there  are  two  refracted  rays.  In  the  three 
^sterns,  the  crystals  of  which  have  double  refraction  with 
two  axes,  the  elasticity  of  the  ether  is  supposed  to  be  dif- 
ferent in  each  of  three  perpendicukr  directions,  and  hence 
neither  refracted  ray  can  follow  the  ordinary  hw.  It  is 
thus,  as  has  been  already  stated,  that  the  classification  of  all 
crystallised  bodies  in  these  systems  is  shown,  not  to  be  an 
arbitrary  assumption,  but  a  principle  based  upon  our  most 
decisive  evidence  of  molecular  arrangement. 

The  rays  of  light  derive  some  of  their  most  remarkable 
properties  from  the  principle,  that  the  vibrations  are  accom- 
plished in  a  direction  perpendicular  to  the  direction  of  the 
rays.  Thus,  if  we  conceive  a  ray  of  light,  moving  from  north 
to  south,  the  little  vibrations  which  constitute  it  are  efiected 
in  a  direction  east  or  west,  and  in  every  other  direction 
equally  perpendicular  to  its  path;  and  ordinary  light  is 
characterized  by  the  fact,  that  its  vibrations  are  accom- 
plished in  every  imaginable  plane.  If  we  reduce  these  vibra- 
tory movements  to  a  single  plane,  the  light  becomes  polarized, 
and  is,  then,  in  the  condition  for  dissecting  the  interior  of 
crystallized  bodies,  and  exhibiting  the  beautiful  illustrations 
of  their  structure,  that  have  been  already  noticed.  But  it 
would  lead  us  too  far  away  from  our  proper  subject,  to  enter 
into  the  description  of  polarizing  apparatus,  or  even  of 
its  principles,  in  detail,  as  the  indication  just  given  of  its 
nature  is  sufficient. 

Perhaps  the  most  remarkable  and  the  most  important 
prindple  of  the  theory  of  waves  is,  that  two  portions  of  light 
may  act  on  each  other  so  as  to  interfere  and  produce  dark- 
ness, though  at  another  point  they  may  form  light  of  doublei 
brilliancy.  To  effect  this,  it  is  only  necessary  they  should 
be  in  opposite  states  of  vibration,  that  is,  whilst  the  waves  of 
one  ray  should  be  rising  up,  those  of  the  other  should  be 
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falling  down:  these  motions  then  compensate  each  other,  and 
the  result  b  the  same  as  if  no  vibratory  motion  had  existed, 
that  is,  as  if  no  light  bad  arrived,  at  the  points  where  the  rays 
met.    It  is  only,  howeveri  when  one  of  the  simple  coloured 
lights  is  employed  that  actual  blackness  occurs,  by  the  mu- 
tual destruction  of  the  rays :  if  white  light  be  used  there  id 
produced  a  brilliant  series  of  prismatic  colours  ;  for  at  the 
moment  when  the  red  light  is  destroyed,  the  remaining*  blue 
and  yellow  form  a  bright  green;  when  the  yellow  is  deslrojed, 
the  red  and  blue  produce  a  purple.    Cases  of  this  kind  of 
interference  are  extremely  common :  it  is  thus  that  the  co^ 
loured  rings  of  crystals,  and  the  colours  of  the  soap  bub- 
ble or  oil  film  are  produced.    The  brilliancy  of  the  plama^ 
of  birds,  the  lustre  of  many  minerals,  as  of  labradorite,  arise 
from  the  interference  of  the  portions  of  light  which  aftet 
reflection  thus  act  on  each  other. 

Under  (ordinary  circumstances  light  is  always  associated 
with  heat ;  the  sun,  the  source  of  warmth  to  the  surface  of 
our  globe,  being  also  the  natural  origin  of  light :  and  in 
most  cases  where  light  is  artificially  produced  it  is  associated 
with  heat,  which  is  also  capable  of  being  transmitted  in  a 
radiant  form.    It  was,  indeed,  once  considered,  that  at  cer- 
tain temperatures  heat  became  converted  into  light,  and  that 
the  colour  of  the  light  depended  on  the  degree  of  heat ;  a 
body,  when  first  rendered  luminous  by  being  heated,  emitting 
a  dull  red  light,  which  gradually  becomes  brighter  as  the 
temperature  rises,  untfl  at  the  highest  degree  of  heat  the 
Kght  emitted  is  pure  white,  and  similar  in  ccmstitution  to  the 
solar  ray.    The  powers  of  emitting  heat,  and  of  emitting 
light,  are,  however,  although  so  frequently  associated,  qutt^ 
independent  and  distinct ;  and  the  rays  of  heat  and  those  of 
light  may  be  perfectly  separated  from  each  other.    It  would 
anticipate  too  much  the  account  of  radiant  heat,  to  describe 
the  means  of  separating  the  heating  from  the  luminous  qua< 
lities  of  ordinary  light;  but  elsewhere  they  will  be  described 
in  full.    A  body  may  become  luminous  when  very  mode^ 
rately  heated,  as  is  the  case  with  many  minerals,  as  fluop 
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spar.  Light  may  be  produced  also  by  the  friction  of  bodies, 
as  by  rablnng  two  pieces  of  sugar  briskly  together,  or  by 
atriking  tog^her  two  pieces  of  quartz,  and  in  these  cases  it 
is  difficult  to  assign  its  true  origin,  as,  possibly,  a  minute 
trace  of  the  substance  may  be  very  intensely  heated.  There 
are  also  many  bodies,  whidi,  when  exposed  to  the  hght  of 
the  son,  after  having  been  made  red  hot,  appear  to  absorb  a 
portion  of  it,  and  become  capable  of  emitting  it  slowly,  giir^^ 
ing  a  pale  bluish  light  for  some  time  afterwards  in  the  dark. 
This  occurs  particularly  widi  chloride  of  barium,  native  sul* 
pfaate  of  barytes,  carbonate  of  lime,  and  a  great  number  of 
other  bodies.  Such  substances  are  said  to  be  phosphore$^ 
ceni.  Thus  fluor  spar  is  rendered  so  by  heat,  sugar  and 
quarts  become  so  by  friction,  and  the  electric  spark  is  capa« 
ble  of  conferring  the  phosphorescent  property  on  a  great 
varie^  of  bodies* 

Organised  substances  become  phosphorescent  in  the  first 
stages  of  their  decay ;  thus,  rotten  wood,  and  fish  before  actual 
pntrefiiction  has  commenced.  The  light  emitted  is,  in  such 
cases,  the  result  of  an  exceedingly  slow,  but  distinct  process 
of  combustion ;  it  requires  the  presence  of  atmospheric  air^ 
or  oxygen,  although  an  exceedingly  small  quantity  may  suf« 
fice,  and  it  is  extinguished  and  revived  by  all  such  meant 
as  facifitate  or  retard  the  chemical  action  of  the  air  upon 
organic  bodies.  The  light  emitted  by  the  glow  worm,  and 
the  fire  flies,  as  well  as  by  the  great  variety  of  marine 
aoophytes,  appears  also  to  be  not  merely  an  evolution  of  light 
as  a  product  of  vital  action,  but  to  arise  similarly  from  the 
secretion  of  a  substance,  which  slowly  combining  with  the 
oxygen  of  the  atmosphere,  produces  the  light  as  a  conse-* 
quence  of  combustion.  Animal  phosphorescence  is,  there* 
fore»  to  be  ascribed  to  chemical  action. 

The  white  light,  derived  from  different  sources,  does  not 
always  possess  the  same  physical  constitution.  If  the  co«' 
loured  spectrum  produced  by  the  solar  ray  be  closely  ex-» 
amined,  it  will  be  found  crossed  by  a  multitude  of  black 
lines,  indicating  the.total  absence  in  the  sun^s  light  of  rays  of 
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certain  refrangibilities.    That  this  is  inherent  in  the  li£;1it  is 
shown  by  the  fact,  that  when  we  change  the  nature  of  tlie 
prism,  the  position  of  the  space  in  which  these  black   lines 
occur  may  alter,  but  the  lines  preserve  all  their  relative  dis- 
tances from  each  other  totally  unchanged.  Hence,  in  place  of 
referring  to  the  colours  of  the  spectrum  in  order  to  charac- 
terize its  properties,  those  lines,  of  which  the  most  remark* 
able  is  a  double  line  situated  in  the  yellow  space,  are  used 
as  marks.  The  light  of  the  sun,  of  the  moon,  and  planets,  as 
well  as  white  light  produced  by  our  processes  of  combustion, 
all  consist  of  the  same  elements  of  yellow,  red,  and  blue, 
and  all  are  distinguished  by  the  same  set  of  lines.     In  the 
light  of  some  of  the  fixed  stars  the  same  lines  are  found,  as 
is  the  case  with  Pollux;  but  in  the  spectrum  formed  by  rays 
from  Sirius  or  from  Castor,  this  double  line  does  not  occur, 
but  is  replaced  by  one  broad  line  in  the  yellow  space,  and  two 
remarkable  dark  lines  in  the  blue.  It  is  very  curious,  that  if 
we  examine  the  spectrum  through  certain  coloured  media, 
as  the  vapours  of  iodine  or  bromine,  we  find  additional  black 
lines,  and  by  using  gaseous  nitrous  acid  these  become  almost 
innumerable,  and  increase  so  much  when  the  gas  is  heated, 
that  the  spectrum  is  obliterated,    and  the  gas  becomes 
opaque.    It  is  possible  that  such  takes  place  at  the  origin 
of  the  light  of  the  heavenly  bodies ;  and  that  the  sun  and  the 
fixed  stars  are  involved  in  absorbing  atmospheres,  which 
allow  only  certain  rays  to  pass,  and  that  hence  there  may 
exist  in  nature,  kinds  of  light  from  which  the  eye  of  man  is 
screened  for  ever,  by  means  of  such  an  impervious  veil. 

Some  classes  of  chemical  substances  are,  to  a  certain 
extent,  characterized  by  the  facility  with  which  they  are 
decomposed  when  under  the  influence  of  light.    The  salts 
of  silver,  of  gold,  of  platina,  and,  in  some  instances,  of 
mercury,  are  subject  to  this  influence.    A  great  variety  of 
vegetable  and  animal  bodies  undergo  important  changes  in 
their  consdtution  by  the  action  of  the  solar  rays,  the  deve- 
lopment of  certain  colours  requiring  the  agency  of  light, 
and  the  majority  of  colours  being  destroyed  when  its  action 
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is  too  great :  hence  the  fading  of  dyes  arises.  The  power  of 
light  thus  to  modify  the  affinity  by  which  chemical  combina- 
tion is  produced,  has  been  found  to  be  exercised  specially 
by  the  violet  or  more  refrangible  extremity  of  the  spectrum, 
and  even  with  most  intensity  by  invisible  rays  quite  outside 
of  the  luminous  space,  and  extending  beyond  even  the  la- 
vender-coloured prismatic  space  of  Herschel.  It  has  been 
also  considered,  that  the  rays  of  the  red  extremity  of  the 
spectrum  possessed  chemical  properties  of  an  inverse  kind, 
and  that  the  decomposition  produced  by  violet  light  might 
be  counteracted,  and  the  elements  brought  to  recombine  by 
the  red  rays.  This  is  not  certain.  All  that  has  been  esta- 
blished is,  that  there  exists  in  solar  light,  and,  probably,  in  all 
light  derived  from  sources  of  combustion,  three  distinct  sets 
of  rays,  the  one  of  proper  light,  which  produces  only  luminous 
effects,  the  second  of  radiant  heat,  the  nature  of  which  shall 
be  specially  examined  in  the  following  chapter,  and  the  third, 
of  rays  which,  though  neither  luminous  nor  heating,  exercise 
an  influence  on  chemical  affinity,  and  the  nature  of  which  will 
be  discussed  with  more  detail  when  the  subject  of  chemical 
afSnity  and  its  relations  to  the  other  physical  forces  has  been 
described. 


CHAPTER  III. 

OF  HEAT  CONSIDERED   AS    CHARACTERIZING    CHEMICAL 
SUBSTANCES. 

At  almost  every  step  of  chemical  inquiry  it  is  necessary  to 
introduce  the  action  of  heat^  either  as  modifying  the  results 
of  the  chemical  action  of  bodies  upon  each  other,  or  as 
affording  characters  by  which  the  substances  we  operate  upon 
may  be  distinguished.  The  doctrine  of  heat  and  the  history 
of  its  effects  have  consequently  at  all  periods  formed  an  im- 
portant portion  of  the  studies  ofthe  chemist,  and  it  is,  indeed, 
only  lately,  since  the  brilliant  course  of  discoveries  that  was 
opened,  and  so  successfully  prosecuted  by  Melloni,  and  by 
Forbes,  has  identified  the  theories  of  heat  and  light,  that 
this  subject  has  been  contemplated  in  its  proper  aspect,  as 
a  physical  science,  and  its  application  and  influence  in  che- 
mistry have  ceased  to  be  considered  as  making  up  the  science, 
properly  so  called,  of  heat. 

Of  all  the  physical  sciences,  however,  that  of  Heat,  or 
Thermotics,  as  it  is  now  termed,  is  the  most  important  to  the 
chemist,  in  guiding  him  in  his  operations,  and  in  the  accurate 
description  of  their  results.  On  this  account  it  will  be  ne- 
cessary to  describe  the  properties  of  heat  more  in  detail  than 
those  of  any  other  of  the  physical  agents,  and  to  illustrate 
these  properties  by  more  numerous  references  to  cases,  in 
which  their  utility  in  chemistry  is  apparent 

The  effects  of  heat,  by  which,  according  to  their  degrees, 
bodies  may  be  characterized,  are 

1st.  Change  of  volume  for  a  given  change  of  tempe- 
rature.   Expansion* 

Snd.  Quantity  of  heat  required  to  produce  a  given  change 
of  temperature.    Specific  heat. 
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Srd.  Temperature  necessary  for  liquefaction.  Meking 
points, 

4th.  Temperature  necessary  for  giving  a  certain  elasticity 
to  a  vapour.    Bailing  points. 

5th«  Quantity  of  heat  required  to  produce  a  given  change 
of  aggregation.    Latent  heat  of  liquids  and  vapours. 

6th«  Manner  and  rapidity  of  communicating  or  receiving 
heat     Conduction  and  radiation  of  heat. 

The  subject  of  heat  shall  therefore  be  studied  specially 
under  these  heads;  and  it  will  be  necessary  to  introduce  an 
account  of  our  mode  of  measuring  heat  and  temperature,  by 
the  thermometer  and  pyrometer,  and  to  add  some  observa- 
tions on  the  physical  relations  of  heat  and  light,  and  on  the 
physical  theory  of  heat. 

SECTION  I. 

OF   EXPANSION. 

When  describing  the  effects  of  cohesion,  I  have  already 
noticed  that  the  molecular  constitution  of  all  bodies  might  be 
considered  to  dei>end  on  the  relative  power  of  the  attractive 
force,  cohesion^  and  the  repulsive  force  of  heatj  upon  their 
particles.  That  where  the  attraction  was  in  excess,  the  mole- 
cules were  knitted  firmly  together  to  form  a  solid  body,  but 
that  where  repulsion  was  most  powerful,  all  cohesion  was  lost, 
and  the  body  assumed  the  form  of  a  vapour  or  a  gas.  In  the 
Intermediate  condition,  where  the  forces  appeared  to  be 
nearly  in  equilibrium,  the  liquid  state  was  produced,  in  which 
the  molecules  of  the  body  appeared  still  to  unite,  by  a  trace 
of  remaining  cohesion,  but  that  they  moved  among  one  ano- 
ther with  perfect  ease,  and  the  slightest  external  force  might 
disarrange  them  entirely.  Now  the  change  from  one  to  the 
Other  of  any  two  of  these  conditions  is  not  quite  abrupt.  If  a- 
cold  body  be  gradually  heated  until  it  shall  begin  to  liquefy,  its 
particles  do  not  renudn  in  die  same  condition  up  to  the  mo- 
ment when  they  separate  so  far,  as  to  change  their  state  of 
^gi^gfttion ;  on  the  contrary,  from  the  instant  that  the  sub- 

F  « 
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stance  becomes  warm,  the  change  begins ;  the  molecules  of 
the  body  gradually  separate^  occupy  more  space  than  be- 
fore»  and  from  the  very  commencement  of  the  increase  of 
heat,  the  body,  though  it  may  remain  solid,  yet  expands. 
In  the  same  manner,  if  a  liquid  be  heated,  the  change  of  ag- 
gregation does  not  commence  until  the  increase  of  heat  has 
reached  a  certain  degree ;  but  from  the  beginning  a  change 
of  volume  occurs,  the  increase  of  which  marks  the  gradual 
diminution  of  cohesion.  In  gases  there  can  take  place  no 
further  change  of  form,  and  the  only  effect  which  heat  can 
produce  upon  them  is  expansion. 

This  power  of  repulsion  which  we  suppose  heat  to  exer- 
cise, in  causing  the  transition  from  one  state  of  aggregation 
to  another,  as  well  as  the  expansion  which  occurs  without 
change  of  form,  may  become  directly  evident  to  the  senses, 
at  least  in  a  partial  way,  in  many  cases.  Thus  many  powders, 
if  sprinkled  on  a  warm  capsule,  or  still  better,  on  a  silver 
plate,  are  thrown  into  violent  motion,  and  dissipated  by  the 
mutual  repulsion  of  their  particles,  independent  of  any  cur- 
rents of  air  which  might  affect  them.  When  liquids,  parti- 
cularly alcohol  and  the  oils,  are  brought  to  boil,  the  drops 
which  are  mechanically  thrown  up  out  of  the  liquid,  do  not 
mix  with  it  on  falling  back,  but  roll  about  on  the  surface,  and 
appear  to  repel  each  other,  and  to  be  repelled  by  the  hot 
glass  of  the  vessel  in  a  remarkable  degree.  If  a  brass  poker, 
strongly  heated,  be  allowed  to  rest  against  a  cold  iron  bar, 
or  still  better,  if  a  rounded  bar  of  brass  be  made  very  hot 
and  laid  upon  a  flat  block  of  lead,  the  surface  of  the  cold 
metal  becoming  heated,  repels  the  warmer  brass,  which  in- 
stantly falls  down  again,  by  its  weight  overcoming  the 
repulsion,  when  the  metal  cools.  When  the  brass  again 
touches  the  metal  or  lead,  the  latter  is  again  heated  at  the 
point  of  contact,  and  again  there  is  repulsion  succeeded  by 
a  new  contact,  and  these  repeated  motions  throw  the  bar 
of  brass  into  a  state  of  tremulous  agitation,  which  being  con- 
veyed to  the  ear  by  the  intervening  air,  gives  a  remarkably 
distinct  and  agreeable  musical  tone.    The  better  conductor, 
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the  healed  body,  and  the  worse  conductor,  (of  a  metal,)  the 
cold  body  can  be,  the  more  successful  is  the  result. 

This  force  of  repulsion  is  made  still  more  distinct,  and 
even  measurable,  by  an  experiment  devised  by  Powell.  When 
a  flat  and  a  convex  glass  plate  are  strongly  pressed  together, 
they  stiU  do  not  touch,  but  are  separated  by  an  exceedingly 
thin  space,  by  the  action  of  light  on  which  there  are  produced 
coloured  rings,  like  those  seen  on  the  surface  of  a  soap  bub- 
ble, or  in  a  film  of  oil  floating  upmi  water.  Each  colour  be- 
longs to  a  distinct  and  measurable  thickness  of  this  space, 
and  when  such  an  api>aratus  is  gradually  heated,  the  rings 
dose  in  towards  the  centre,  showing  that  the  glass  plates 
recede  from  one  another,  and  the  degree  of  repulsion  may  ba 
determined  from  the  narrowing  which  occurs  in  the  breadth 
of  any  particular  coloured  ring,  according  as  the  tempera^ 
ture  rises. 

In  gases  the  expanding  effect  of  heat  is  unaffected  by 
any  disturbing  cause;  there  is  no  cohesion  remaining  to 
impede  its  operation ;  hence  a  certain  increase  of  heat 
affects  all  gases  alike,  and  no  matter  how  hot  or  how  cold  a 
gas  may  be,  a  certain  increase  of  heat  produces  the  same  in- 
crease of  volume  in  every  case.  In  solids  and  in  liquids,  how- 
ever, it  is  different,  the  expansion  which  occurs  is  but  the 
result  of  the  opposing  forces  of  cohesion  and  of  heat,  and 
hence  the  amount  of  expansion  depends  not  only  on  the 
quantity  of  heat  which  is  applied,  but  also  on  the  power  of 
cohesion  by  which  it  is  resisted,  and  which  depends  upon  the 
nature  of  the  body.  Consequently  every  fluid  and  every 
soHd  expands  in  a  degree  which  is  peculiar  to  it.  There  ia 
yet  another  consequence  of  the  influence  of  cohesion  upon 
the  expansion  of  solids  and  of  liquids.  Let  us  represent  the 
cohesive  force  of  a  certain  substance,  for  example,  copper, 
by  10,  and  let  us  suppose  that  we  apply  to  it  a  quantity  of 
heat  which  will  expand  it  through  a  space  which  we  will  call 
1,  and  will  diminish  its  cohesion  from  10  to  9.  If,  then,  we 
apply  another  quantity  of  heat,  exactly  equal  to  the  former, 
it  will  not  have  to  contend  against  a  cohesion  of  10,  but  of 
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9,  and  willi  consequently,  be  able  to  produce  an  expansion  of 
more  than  1,  say  li^,  and  it  will  reduce  the  cohesion  more 
than  it  did  before,  as  from  9  to  7^.  If,  then,  another  equal 
quantity  of  heat  be  added,  it  having  still  less  opposing  force 
to  overcome,  will  act  still  more  powerfully,  reducing,  for  ex-> 
ample,  the  cohesion  from  7^  to  5,  and  the  increase  of  volume 
becoming,  in  place  of  lj(,  2.  In  solids  and  liquids,  the  rate  of 
expannon  increases  thus,  with  the  temperature,  from  the  dimi- 
nution of  cohesion,  but  in  gases  where  the  cohesion  remains 
the  same,  or  rather  is  completely  absent,  the  expansion  is 
proportional  to  the  additional  quantity  of  heat,  no  matter 
how  much  may  have  been  sensibly  present  in  the  gas 
before. 

I  shall  now  proceed  to  consider  in  detail  the  rates  of  ex-^ 
pansion  of  various  bodies,  commencing  ¥dth  those  of  gases, 
for  which  the  simplest  results  have  been  obtained.  Before 
doing  so,  however,  it  is  necessary  to  study  the  means  by 
which  we  ascertain  the  quantities  of  heat  which  we  add  or 
subtract  from  bodies  to  effect  their  expansion  or  contraction ; 
to  investigate,  in  fact,  the  principle  on  which  the  thermo- 
meter and  pyrometer  are  founded,  and  such  details  of  their 
construction  as  shall  hereafter  be  found  necessary  to  be 
known. 

Let  abhesL  glass  bulb,  with  a  long  and  narrow  neck, 
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which  is  divided  by  a  scale,  as  in  the  figure,  of  which  each 
division  is  a  certain  part,  as  yoxsxs  ^^  ^^^  volume  of  the  bulb. 
Let  us  suppose  the  bulb  a  to  be  filled  with  pure  dry  air,  at 
the  same  degree  of  heat  as  that  at  which  ice  melts,  and  sepa- 
rated completely  from  the  external  air  by  means  of  a  globule 
of  mercury,  c,  which  is  exactly  settled  at  the  commencement 
of  the  scale.  If  now  the  instrument  be  warmed,  the  air  in 
the  bulb  expands,  and  according  as  it  increases  in  volume, 
pushes  before  it,  into  the  tube,  the  globule  of  mercury.  This 
last  serves,  therefore,  as  an  index  of  the  increase  of  volume 
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which  the  air  gains  as  it  is  heated^  and  by  its  position  we  can 
read  off  the  exact  proportion.  If  the  source  of  heat  he  water 
boilingy  under  ordinary  circumstances,  at  Dublin^  at  the  level 
of  the  sea,  as  soon  as  the  air  has  been  heated  to  exactly  the 
same  degree  as  the.  water,  the  globule  will  be  found  to  have 
arrived  at  the  365th  division  on  the  scale.  Therefore,  1000 
measures  of  air,  on  being  heated  from  the  degree  of  melting 
ice,  to  that  of  boiling  water,  become  1365.  Now,  as  from 
the  constitution  of  air  and  gases,  the  effect  of  each  increase 
of  heat  is  the  same,  we  may  consider  the  whole  quantity  of 
heat  which  it  received  from  the  boiling  water,  to  be  divided 
into  365  parts  or  degrees,  and  each  of  these  parts  being  ap- 
plied separately  to  the  bulb,  should  have  increased  the 
volume  of  air  by  -^^/^  part,  or  should  have  converted  the 
1000  volumes  into  lOOL  There  is  thus  obtained  a  scale  of 
expansion,  which  is  quite  artificial  and  arbitrary  certainly, 
but  which,  having  been  once  contrived,  may  be  with  perfect 
accuracy  applied  to  measure  different  quantities  of  heat. 
Thus,  if  we  warm  water  to  blood  heat,  and  immerse  in  it  the 
air  bulb  as  described,  the  expansion  of  the  air  will  move  the 
globule  of  mercury  to  the  degree  122,  which  is  almost  ex- 
actly the  one-third  part  of  the  365,  and  hence  the  water  in 
being  heated  from  the  degree  of  melting  ice  to  that  of  blood 
heat,  received  almost  exactly  one-third  of  the  quantity  of 
heat  which  should  have  made  it  boil,  and  its  temperature  is 
one-third  as  high. 

I  have  here  spoken  of  measuring  the  successive  quantities 
of  beat  which  the  air  received,  and  in  this  case  the  manner  of 
expression  is  sufficiently  accurate,  as  well  as  the  most  simple. 
But  it  is  necessary  to  explain  the  true  meaning  of  the 
words  quantity  of  heat  and  temperature.  The  amount 
of  expansion  which  a  hot  body  is  capable  of  producing  in 
the  air  or  mercury  of  the  thermometer,  measures  truly 
what  is  called  its  temperature.  The  temperature  has  nothing 
whatsoever  to  do  with  the  quantity  of  heat  which  the  body 
may  contain,  it  refers  only  to  its  expanding  power.    If  a 
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quantity  of  water,  of  oil,  of  ether,  of  mercury,  or  of  iron, 
produce  all  the  same  amount  of  expansion  in  the  air,  or  mer- 
cury, of  the  thermometer,  we  say  they  have  the  same  tempe- 
rature, without  pretending  to  know  any  thing  of  the  quantity 
of  heat  which  they  may  actually  possess.  The  thermometer 
and  pyrometer  are,  therefore,  instruments  for  measuring, 
not  heat,  but  iemperaturef  and  we  denote  by  degrees  ofiem- 
perature  the  amount  of  expansion  produced,  marked  off  on 
any  arbitrary  scale  which  we  may  think  proper  to  adopt. 

Gases  expanding  more  than  any  other  bodies,  the  air 
thermometer  is  the  most  sensible  that  can  be  made,  and,  in 
the  form  just  described,  it  is  an  exact  measure  of  heat,  sub- 
ject only  to  one  correction,  which  is,  that  although  the  air, 
in  being  heated  from  the  degree  of  melting  ice,  to  that  of 
boiling  water,  actually  expands  -^jf^  of  its  volume,  yet  that 
expansion  is  not  all  visible,  for  the  glass  bulb  expands  also, 
on  being  heated,  although  in  a  very  small  proportion,  and 
holds  Y^jjj^  more  than  it  did  when  cold ;  the  visible  expansion 
on  the  scale  is,  therefore,  only  363  degrees,  and  this  must  be 
allowed  for,  to  have  complete  accuracy.  The  form  of  the 
air  thermometer,  which  has  been  just  described,  is,  however, 
quite  unfit  for  ordinary  use;  the  adjustment  of  the  index 
globule,  the  necessity  that  the  instrument  should  be  perfectly 
horizontal,  which  is  quite  impossible  in  the  majority  of  prac- 
tical cases,  renders  this  kind  of  an  air  thermometer  too 
unmanageable,  and  since  the  air  changes  its  volume  very  much 
for  every  change  of  pressure,  and  our  atmosphere  varies  in  its 
weight  almost  every  hour,  an  air  thermometer  left  open,  as 
at  the  orifice  6,  would  change  continually  without  reference 
to  the  degrees  of  heat  at  all,  and  should  thus  give  false  indi- 
cations. The  end  of  the  tube  must,  therefore,  be  accurately 
closed. 

When,  howevei",  the  air  inside  is  thus' confined,  the  sim- 
ple rule  of  the  dilatation  being  proportional  to  the  increase  of 
heat,  ceases  compfetely.  For  if  the  point  b  be  closed,  and 
that  the  bulb  a  be  heated,  the  globule  of  mercury,  in  moving 
along  the  scale,  condenses  the  air  before  it,  and  thus  gene- 
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rates  an  elastic  force,  by  which  the  expansion  is  resisted  and 
diminished  in  amount;  the  degrees  should,  therefore,  be  no 
longer  equal,  but  rapidly  diminish  in  size,  so  that  on  the 
upper  parts  of  the  scale  they  could  not  be  distinguished 
from  one  another,  and  should  hence  be  useless.  But  by 
haying  a  second  bulb,  in  the  next  figures,  the  elasticity  of  the 
air  compressed  in  the  cold  bulb  increases  much  less  rapidly, 
and  the  scale  to  be  applied  to  the  stem  connecting  the  bulbs, 
is  easily  constructed.  As  the  stems  of  these  air  thermome- 
ters are  generally  upright,  mercury  would  be  too  heavy  a 
fluid  to  introduce  in  a  column,  and  the  mere  globule  which 
we  supposed,  in  the  example  first  taken,  would  not  answer, 
from  the  facility  with  which  it  might  be  broken  or  displaced : 
to  any  watery  or  spirituous  fluid  there  is  also  an  objection, 
that  the  amount  of  expansion  should  be  increased  to  an  un- 
4^rtain  degree,  by  the  portion  of  fluid  converted  into  vapour. 
To  avoid  these  errors,  oil  of  vitriol  may  best  be  employed, 
and  it  is  generally  coloured  red,  to  render  the  motion  of  the 
fluid  column  more  easily  visible. 

An  air  thermometer,  closed  perfectly,  indicates  a  change 
of  temperature  only  by  the  difierence  between  the  elasticity 
of  the  air  in  the  two  bulbs.    No  matter  how  high  or  how 
low  the  temperature  may  be,  if  it  af- 
fects both  bulbs  to  the  same  degree, 
the  air  in  each  bulb  presses  on  the 
liquid  column  with  the  same  force 
and  exactly  balances  the  other.  The 
instrument  indicates,  therefore*  such 
A  temperatures  only  as  afiect  one  bulb 
and  not  the  other — the  difference  in 
fact  between  the  temperattures  of  the 
^S^  tw®  bulbs,  and  hence   is   properly 

'«l|^  called  the  differential  thermometer. 

L    11  In  fig.  A  the  one  bulb  is  much  above 

^^^        the  other.     In  fig.  b  the  stem  which 
terminates  above  in  a  bulb  is  open 
below,  and  plunges  into  the  fluid  which  the  inferior  bulb  con- 
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fiink     tains.   This  lower  bulb  is  soldered  or  ce- 
]ii  ^     mented  at  its  orifice  round  the  tube,  so  as 

perfectly  to  prevent  the  action  of  the  air. 

Fig.  c  represents  the  most  ordinary  form ; 

the  bulbs  are  on  a  level,  and  are  connected 

by  a  U-shaped  stem. 

The  air  thermometer  is  thus,  in  all  its 

forms,  liable   to  so  many  inconveniences 

from  the  limited  range  of  its  scale,  if  it  be 

open  to  the  air,  and  from  the  complex  form 
which  the  scale  assumes,  if  the  external  air  be  prevented  from 
communication,  that  it  is  never  made  use  of  in  practice,  ex« 
cept  in  some  particular  cases,  which  shall  hereafter  be  spe- 
cially noticed.  We  are,  therefore,  obliged  to  have  recourse, 
for  our  accurate  measures  of  temperature,  to  other  bodies, 
which,  though  not  so  sensible  as  air,  offer  more  practical  ad- 
Vantages. 

The  liquids  which  are  generally  used  to  measure,  by  their 
expansion,  change  of  temperature,  are  alcohol  and  mercury. 
The  former,  in  being  raised  from  the  melting  point  of  ice  to 
that  at  which  itself  boils,  expands  j^^,  whereas  air,  within  the 
same  limits,  would  have  expanded  ^^^,  being  about  three  and 
a  half  times  as  much  as  alcohol:  and  mercury,  in  having  its 
temperature  raised  from  the  melting  point  of  ice  to  the  boiling 
point  of  water,  expands  ji^ir*  or  about  ^  of  the  quantity  of 
air*  Hence  these  liquids  are  much  less  sensible,  as  thermome- 
ters, than  air ;  but  their  other  advantages  are  decidedly  in  their 
favour.  Alcohol  is  only  employed  where  the  object  is  to 
measure  very  great  degrees  of  cold ;  and  for  this  purpose  it 
is  admirably  fitted,  as  it  is  the  only  liquid  that  has  not  yet 
been  frozen.  Mercury,  on  the  other  hand,  may  be  applied 
to  an  extensive  range  of  temperatures,  as  it  freezes  only  by 
the  application  of  an  intense  cold ;  and  it  does  not  boil  until 
it  arrives  nearly  at  a  red  heat.  It  has  the  largest  interval 
between  its  freezing  and  boiling  points  of  any  liquid  that  is 
known.  Mercury  is  also  admirably  suited  to  be  a  measure 
of  heat,  by  the  accidental  circumstance  that  its  expansion. 
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when  contained  in  a  glass  bulb,  is  accurately  proportional  to 
the  temperature,  and  its  indications  therefore  absolutely  true. 
This  is  occasioned  by  the  circumstance,  that,  as  in  all  liqnids 
and  solids,  the  expansion  increases  with  the  temperature,  the 
rate  of  increase  of  the  capacity  of  the  glass  bulb  exactly  corres* 
ponds  to  the  increase  of  the  rate  of  expansion  of  the  mer- 
cury, and  absorbs  it ;  so  that  the  visible  expansion  of  the 
mercury  is  uniform,  and  a  degree  in  every  part  of  the  scale 
is  of  the  same  length.  For  instance,  if  mercury  and  air  be  to- 
gether heated  from  the  freezing  to  the  boiling  point  of  water, 
1*000  measures  of  air  become  1*365;  and  10*000  measures 
of  mercury  become  10*180.  If,  then,  they  be  both  heated  as 
much  more,  the  air  expanding  at  the  same  rate,  becomes 
1*730;  but  the  mercury  expanding  more  rapidly,  becomes 
10*363 :  and  hence,  if  a  scale  was  so  applied,  there  would  be 
shown  180  degrees  in  the  lower,  and  183  degrees  in  the  upper 
part  of  the  scale,  to  the  same  quantity  of  heat.  This  is  cor- 
rected by  the  expansion  of  the  glass  bulb  which  holds  the 
mercury.  At  the  temperature  of  melting  ice,  the  bulb  holds, 
for  example,  10*000  measures  of  mercury;  but,  on  being 
heated  to  that  of  boiling  water,  it  holds  10*026.  The 
mercury,  however,  having  become  10*180,  the  difference, 
(10*180  —  10*026)  =  154  measures,  passes  into  the  stem,  and 
makes  the  rise  of  temperature  upon  the  scale.  When  now 
the  second  portion  of  heat  is  applied,  the  mercury  becomes 
10*363;  and  the  glass  bulb  expanding  at  the  same  time, 
becomes  able  to  hold  10*055:  and  hence  the  difierence 
(10*363— 10-055) =308  measures  pass  into  the  stem,  and  move 
along  the  scale.  Thus  the  visible  portion  of  the  expansion 
is  rendered  exactly  proportional  to  the  increase  of  heat;  and 
the  mercurial  thermometer  becomes,  not  merely  the  most 
convenient,  but  the  most  accurate  measure  of  heat  which  we 
possess. 

In  constructing  a  thermometer  the  first  requisite  is,  that 
the  bore  of  the  tube  shall  be  perfectly  uniform,  for  otherwise 
the  result  above  described,  which  gives  all  its  real  value  to 
the  quicksilver  thermometer,  would  be  completely  inapplica- 
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ble  ia  practice.  This  is  ascertained  by  finding  that  a  small 
quantity  of  mercury,  moved  up  and  down  the  tube,  occupies 
exactly  the  same  length  in  every  part.  A  proper  tube 
having  been  thus  obtained,  one  extremity  is  closed,  and  a 
bulb  is  blown  upon  it ;  another  is  formed  near  the  open 
end,  leaving  a  space  between  the  two  bulbs  somewhat 
longer  than  the  thermometer  is  intended  to  be.  The  tube 
and  bulbs  having  been  heated,  are  allowed  to  cool,  with  the 
open  end  immersed  in  pure  and  recently  boiled  mercury. 
By  the  contraction  of  the  internal,  and  the  pressure  of  the-ex- 
ternal  air,  a  quantity  of  mercury  is  forced  into  the  fivst  bulb, 
and  ultimately  the  bulb  at  the  closed  end  is  filled  completely 
by  a  repetition  of  the  process.  When  the  introduction  of  the 
mercury  has  been  completed,  the  open  end  of  the  tube  is 
closed  by  a  little  sealing-wax,  to  prevent  the  admission.of 
air  or  dust,  and  the  tube  is  allowed  to  cool  with  the  terminal 
bulb  down.  When  it  has  cooled  completely,  it  is  again 
heated  to  the  highest  degree  it  is  intended  to  indicate ;  and 
the  fine  flame  of  a  blow-pipe  being  directed  upon  the  point 
which  is  to  be  the  extremity  of  the  tube,  it  is  melted,  and  the 
orifice  completely  closed.  When  the  instrument  then  cools, 
there  remains,  over  the  mercury  in  the  stem,  a  perfectly 
empty  space. 

It  remains  then  to  attach  the  scale.  When  describing 
the  general  principle  of  the  thermometer,  in  the  example  of 
dry  air,  pushing,  by  its  expansion,  an  index  globule  of  mer- 
cury along  the  stem,  the  scale  which  included  the  inter- 
val from  the  freezing  to  the  boiling  points  of  water,  was  sup- 
posed to  be  divided  into  365  parts.  This  was,  however, 
merely  because  the  1000  measures  of  air,  in  being  heated 
through  that  interval,  expand  in  that  proportion.  The  scales 
that  are  actually  used,  are  different,  although  quite  as  arbi- 
trary. The  simplest  scale  is  that  in  which  the  interval  be- 
tween the  freezing  and  boiling  points  of  water,  which  is  uni^ 
versally  taken  as  the  standard,  is  divided  into  100  parts ;  it 
is  termed  the  centigrade  scale,  and  is  universally  employed 
in  France,  and   generally  in  Germany  and  the  north  of 
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Europe.     In  it  ice  is  said  to  melt  J^,  and  water  to  boil  at 
100^.    On  the  scale  generally  used  m  this  country^  and  Great 
Britain,  the  standard  interval  is  divided  into  180  degrees^ 
but  the  melting  point  of  ice  is  not  taken  as  0°,  but  as  3^^ 
from  a  very  absurd  idea  of  Fahrenheit's,  who  was  the  inven- 
tor of  this  scale.    He  mixed  together  snow  and  salt,  and 
having  thus  produced  a  more  intense  cold  than  any  body  be- 
fore him  had  done,  he  imagined  that  he  had  attained  a  point 
at  which  the  bodies  had  no  heat  at  all,  that  he  had  arrived 
at  what  was  afterwards  called  the  absolute  zero,  and  he 
called  that  point  0° ;  the  melting  point  of  ice  was  then  32^, 
and  water  boiling  at  180°  higher,  its  temperature  was  marked 
212^.    There  is  another  scale  sometimes,  but  not  often  used ; 
that  of  Reaumur,  in  which  the  melting  point  of  ice  is  the 
commencement  or  0°,  and  the  boiling  point  of  water  is 
marked  80°.    The  first  step  in  the  graduation  is  to  mark 
the  extreme  points  of  the  standard  interval:  the  melting 
point  of  ice,  and  the  boiling  point  of  water.     To  do  this  cor- 
rectly, some  precautions  must  be  taken.     I  have  frequently 
spoken  of  the  melting  point  of  ice,  and  the  freezing  point  of 
water  as  meaning  the  same  temperature,  and  under  ordinary 
drcumstances,  they  do  so ;  but  they  do  not  so  necessarily. 
The  freezing  of  water  is  a  crystallization,  and,  like  all  other 
cases  of  crystallization,  may  take  place  with  greater  or  less 
facility.    If  water  be  agitated,  or  if  it  be  contained  in  rough 
Tesselsj  affording  prominences  to  which  the  crystals  of  ice 
may  attach  themselves,  it  freezes  exactly  at  32°  on  Fahren- 
heit's scale,  but  if  the  water  be  kept  carefully  at  rest,  and 
that  it  be  contained  in  smooth  glass  vessels,  free  from  dust, 
it  may  be  easily  cooled  to  25°,  and  has  been  cooled  even  to 
15°«  without  becoming  solid.     Hence,  if  we  wished  to  deter- 
mine the  zero,  by  means  of  freezing  water,  an  error  might 
easily  be  committed.     Ice  however,  under  all  circumstances, 
melts  at  32°,  and  hence  by  plunging  the  bulb  of  the  ther- 
mometer into  a  mixture  of  ice  and  water,  and  marking  on 
die  stem  the  point  at  which  the  level  of  the  mercury  settles,, 
the  first  fixed  point  upon  the  scale  is  had.     To  determine 
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the  second  pointy  that  at  which  water  boilsy  it  is  necessary 
to  attend  to  the  condition  of  the  barometer.  It  will  be  here- 
after described,  how  the  boiling  point  of  every  liquid  varies 
with  the  atmospheric  pressure ;  it  is  here  enough  to  notice^ 
tliat,  either  the  boiling  point  must  be  determined  when  the 
barometer  stands  at  S9'8  inches,  or  a  correction,  which  shall 
be  hereafter  given,  applied  for  any  difference  of  height  which 
may  exist.  The  water  must  boil  also  in  a  metallic  vessel,  for 
water  in  a  glass,  or  porcelain  vessel,  has  its  boiling  point 
somewhat  raised,  and  as  the  thermometer  is  to  be  used  for 
chemical  purposes,  the  bulb  and  o  ly  a  small  portion  of  the 
stem  should  be  immersed  in  the  boiling  water.  The  two 
fixed  points  having  been  thus  obtained,  the  interval  is  to  be 
divided  into  180  equal  parts  or  degrees,  for  the  ordinary 
scale  of  Fahrenheit,  and  then  82  of  these  degrees  counted 
downwards  from  the  point  of  melting  ice,  to  obtain  the  zero ; 
for  the  zero  cannot  be  truly  got  in  the  manner  in  which 
Fahrenheit  is  supposed  originally  to  have  invented  it,  for  a 
mixture  of  snow  and  salt,  is  found  to  produce  always  a  cold 
of  about  2®  below  zero,  or— 2®.  As  otur  range  of  tempera- 
ture passes  far  below  the  zero  of  the  scale,  we  count  down- 
ward precisely  as  we  count  upwards,  only  prefixing  in  the 
former  case  the  — minus,  sign,  whereas  in  the  degrees  above 
zero,  the -H  plus  sign  is  usually  omitted.  Thus,+^f  or 
simply  50°,  is  fifty  degrees  above  zero,  but  —  50^,  is  the  same 
number  below  zero.  To  construct  the  centigrade  scale,  the 
method  is  precisely  the  same,  except  that  we  make  the  point 
of  melting  ice,  0^  and  that  of  boiling  water,  100^,  and  a 
degree  being  the  -j-^^  of  the  interval,  we  count  up  and  down 
from  zero,  precisely  as  in  the  other  case. 

It  is,  generally,  proper  to  lay  a  thermometer  aside  for  a 
few  weeks  after  having  filled  it,  before  proceeding  to  apply 
the  scale.  For  it  is  found  that  as  there  is  a  vacuum  in  the 
instrument  above  the  mercury,  the  external  pressure  acting 
on  the  thin  glass  of  the  bulb,  gradually  changes  its  form  a 
little,  and  would  move  up  the  fixed  points,  sometimes  through 


THERMOMETBIC  SCALES.  79 

one  or  two  degrees,  if  they  had  been  marked  before  the 
change. 

The  centigrade  scale  is  of  such  extensive  use  in  the  works 
of  most  distinguished  chemists,  that  it  is  well  to  show  mere 
closely  its  relation  to  the  ordinary  seale  of  Fahrenheit,  and 
the  means  of  reducing  one  to  the  other.  The  standard  in- 
terval is  divided  into  180°  Fahrenheit,  and  into  100  centi- 
grade degrees,  and  hence  a  degree  of  the  former  is  equal 
to  \^  or  |th  of  a  centigrade  degree.  To  reduce  any  in- 
terval in  centigrade  degrees  to  Fahrenheit's,  it  is,  therefore,  to 
be  multiplied  by  9,  and  divided  by  5 ;  and  for  the  reduc- 
tion from  Fahrenheit  to  centigrade,  the  number  is  to  be  mul- 
tipHed  by  5,  and  divided  by  9 :  but,  as  the  degrees  do  not 
in  number  start  from  the  same  point,  the  Fahrenheit  scale 
being  already  32,  when  the  centigrade  begins,  it  is  ne- 
cessary to  add  32°  to  the  number  of  Fahrenheit  degrees, 
which  have  been  attained  by  calculation  from  the  centigrade, 
and  to  subtract  3^  from  the  number  of  degrees  on  Fahren- 
heit, which  are  to  be  converted  into  degrees  upon  the  other 
scale. 

Thus,  to  reduce  167°  of  Fahrenheit,  we  proceed : 
167 -  32=  135  and  185  X  4= 76° 
and  find  it  to  correspond  to  75°  centigrade.    And  to  reduce 
65®  centigrade  to  Fahrenheit's  scale,  we  say, 

65X4=  117  and  117+32=  14^ 
corresponding,  therefore,  to  149°  of  Fahrenheit. 

Reaumur's  scale  being  to  the  centigrade  scale,  as  4  to  5, 
similar  reductions  are  made  to  and  from  it,  by  using  |  in 
place  of  4,  as  has  been  employed  in  the  example. 

The  range  of  temperatures  observable  with  a  mercurial 
thermometer,  on  Fahrenheit's  scale,  is  from  — 39°  to +630". 
The  mercury  freezes  a  little  below— 40°,  and  though  it  does 
not  boil  until  it  arrives  at  660°,  yet  the  quantity  of  vapour 
which  it  forms,  when  very  near  its  boiling  point,  prevents  its 
indications  from  being  quite  exact  between  that  point  and  630°. 
Our  nieans  of  estimating  temperatures  above  the  boiling 
point  of  mercury,  are  not  at  all  so  perfect  as  those  that  have 
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been  described  for  the  lower  degrees  of  beat.  Mercury, 
when  boiling,  is  not  in  the  slightest  degree  luminous,  but  the 
temperature  at  which  a  heated  body  becomes  visible  in  the 
dark,  by  emitting  a  dull  red  light,  is  not  much  higher. 
Numerous  instruments  have  been  invented  for  the  purpose 
of  determining  the  higher  temperatures,  particularly  of  far- 
naces,  and  hence,  they  have  been  called  pyrometers.  Of 
these,  the  only  one  which  appears  to  give  accurate  results, 
and  hence  deserves  description,  is  that  of  Daniell. 

In  this  pyrometer,  the  change  of  temperature  is  shown 
by  the  excess  of  the  expansion  of  an  iron  bar  over  the  ex- 
pansion of  a  black  lead  case  in  which  it  is  enclosed.    The 


iron  rod  a  is  somewhat  shorter  than  the  black  lead  ware  case, 
and  a  plug  of  earthenware,  6,  which  fits  tight  in  the  case 
abuts  against  the  iron  rod  inside,  and  projects  as  at  c  in  the 
figure.  Let  us  suppose  the  length  of  the  case  to  be  5  inches, 
that  of  the  iron  rod  4|  inches,  and  that  of  the  earthenware 
plug  to  be  1  inch.  If  the  whole  be  heated  until  the  case 
shall  have  expanded  by  12  parts,  the  iron  rod  will  have  in- 
creased in  length  by  44,  and  the  earthenware  piece  by  7, 
which  added  to  44,  makes  51.     If  the  black  lead  case  did 
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not  increase  in  sise,  all  these  51  parts  should  project,  but  as 
there  is  additional  room  made  for  12,  the  projecting  portion  is 
only  39.    If  the  parts  of  the  apparatus  were  all  free  to  move, 
each  contracting  again  on  cooling,  the  result  should  be  that 
aU  should  b;  restored  to  their  original  position ;  but  this  is 
not  the  case.    The  bar  of  iron,  in  expanding,  pushes  out  be- 
fore it  the  plug  of  earthen  ware,  which,  however,  is  held  so 
tight  in  the  case,  that  it  cannot  go  back  again,  when  the 
apparatus  has  become  cold.     The  protrusion  of  the  eartiien- 
ware  plug,  is  therefore,  a  permanent  index  of  the  greatest 
amount  of  expansion  that  had  been  produced,  whilst  the  in- 
strument was  exposed  to  heat«    This  expansion  is,  however, 
very  small.    The  three  pieces  being,  as  stated,  5^  ^|  and  1 
inch,  the  expansion  when  heated  from  3S^  to  21S°  is  only 
Y^^  of  an  inch,  and  as  tiiis  indicates  180  degrees,  the  ex- 
pansion for  a  degree  is  only  about  43^  of  an  inch.    It  is, 
therefore,  necessary  to  magnify  this  expansion,  in  order  that 
the  indication  may  be  read  off,  and  this  is  done  by  means  of  a 
graduated  circular  arch,  def,  with  a  moveable  index,  kept  by 
means  of  a  spring  constantly  at  0^  when  undisturbed.     On 
fitting  this  scale  to  the  pyrometric  black  lead  case,  after  it 
has  been  in  the  fire,  the  projection  of  the  earthep  ware  plug,  Cy 
catches  in  the  prolonged  heel  of  the  index,  e,  and  moving  it . 
round,  the  point  of  the  index  travels  over  a  portion  of  the 
graduated  scale,  and  indicates  the  number  of  degrees  tlurough 
which  the  temperature  had  been  rabed.    This  instrument 
is  not  always  made  of  the  same  size,  and  hence  the  absolute 
amount  of  expansion  may  vary,  which  however  is  reduced  to 
the  same  proportion  on  the  scale,  by  which  also  the  increase 
in  the  rate  of  expansion  of  the  metallic  bar  at  very  high 
temperatures  must  be  allowed  for.     By  means  of  this  very 
ingenious  and  useful  instrument,  Professor  Daniell  has  de- 
termined the  melting  point  of  most  of  the  important  metals, 
and  also  several  other  temperatures,  at  which  remarkable 
phenomena  occur. 
The  pyrometers  of  Wedgewood,  of  Guyton,  and  many 
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others  that  have  been  proposed,  must  be  considered  as  now 
totally  abandoned,  and  do  not  require  notice. 

The  most  delicate,  and  perhaps  the  most  important, 
measure  of  heat  that  has  been  contrived,  is  one  totally  inde- 
pendent of  expansion,  and  founded  on  the  measurement  of 
an  electric  current,  which  a  change  of  temperature  produces 
under  certain  circumstances.  It  is  the  Therma-muUipUer, 
invented  by  Nobili.  The  principle  which  the  instrument 
involves,  in  its  construction  and  its  form,  will  be  described 
under  the  head  of  electricity ;  and  the  remarkable  results 
obtained  by  means  of  it,  and  wUch  have  completely  remo- 
delled our  ideas  of  the  physical  constitution  of  heat,  wiU  be 
noticed  in  another  place. 

It  may  be  of  interest  to  subjoin  the  temperatures  on 
Fahrenheit*s  scale,  at  which  some  of  the  most  remarkable 
effects  of  heat  are  produced  :— 

—  1S5°.  The  greatest  cold  that  has  been  produced. 

—  ISP.  The  solid  compound  of  alcohol  and  carbonic  acid 

melts. 

^  9P.  Greatest  cold  by  ordinary  fireezing  mixtures. 

—  68*.  Temperature  of  the  planetary  spaces. 

—  60^.  Greatest  cold  observed  in  the  arctic  regions. 

—  47^.  Sulphuric  ether  congeals. 

—  45^.  Nitric  acid  congeals. 

—  S9*^.  Mercury  congeals. 
+        1^  Oil  of  vitriol  freezes. 

+       14^  Oil  of  turpentine  freezes. 

+      20».  Wine  freezes. 

+      26**.  Blood  freezes 

+      82**.  Ice  melts. 

+      36®.  Olive  oil  freezes. 

+       98^  Heat  of  human  blood. 

+  108®.  Phosphorus  melts. 

+  174®.  Alcohol  boils. 

+  201®.  Rose'«  metal  melts. 

+  211^  Newton^s  metal  melts. 
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+    212^.  Water  bofls. 

+    218^.  Solpfaur  melts. 

-4-    G62°.  Mercury  bo9fi. 

+    8l(r.  Antiinony  melts* 

4-    9eKf.  Red  heat. 

+  1141^  Heat  of  a  common  fire. 

4-  1869^.  Brass  melts. 

+  1873^.  Sflver  melts. 

1996''    Copper  melts. 

220(P    Gold  melts. 

2786^    Cast  iron  melts. 

The  details  which  have  been  given,  regarding  the  con- 
strucdon  of  the  air  thermometer,  will  show  sufficiently  the  prin- 
ciple upon  which  the  determination  of  the  rate  of  expansion 
of  gaseous  bodies  has  been  effected.  The  exact  amount  of 
dilatation  was  first  ascertained  by  Dalton  and  Gay  Lussac 
nearly  at  the  same  time.  The  apparatus  of  Gay  Lussac  con* 
sisted  of  a  tin  vessel.  A,  having  five  apertures.    By  means  of 


the  aperture  in  the  side,  o,  there  is  introduced  the  tube  with 
thehulb,  jT^,  containing lur  dried  by  the  tube  AA,  andarranged 
with  the  graduated  scale  and  index  globule  of  mercury  m,  as 
described  in  page  70.  By  the  opposite  orifice,  o,  is  fixed  a 
thermometer,  6 1,  the  bulb  b  of  which  is  on  the  same  level  as  the 
bulb  of  the  air  tube.  By  means  of  the  central  orifice  in  the 
top,  a  second  thennometer  v  is  introduced,  the  bulb  of  which 
is  situated  exactly  in  the  centre  of  the  box.  The  other 
orifices  in  the  top  are  for  the  free  escape  of  steam.    The 
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apparatus  so  being  arranged^  water,  rendered  ice-cold  by 
some  snow  or  ice  floating  on  it,  is  introduced,  until  the  ther- 
mometers and  the  air  bulbs  are  covered  to  the  depth  of  a 
couple  of  inches ;  and  the  index  globule  of  mercury  is  thus 
brought  to  the  zero  of  the  scale.  The  box  is  then  placed  on  a 
furnace,  B,  and  gradually  heated :  the  rise  of  temperature  is 
indicated  by  the  thermometers,  /,  the  expansion  by  the  motion 
of  the  index  globule,  and  at  each  degree  they  may  be  com- 
pared  together  until  the  water  is  brought  to  boil. 

By  substituting  other  substances  for  water,  such  as  oil, 
or  a  bath  of  fusible  metal,  the  rate  of  expansion  may  be 
determined  for  still  higher  temperatures,  and  has  been  thus 
ascertained  by  Dulong  and  Petit  up  to  the  boiling  point  of 
mercury. 

From  such  experiments,  conducted  by  Dalton,  Gay 
liUssac,  and  Dulong,  it  resulted,  that  1000  volumes  of  air, 
when  heated  from  32""  to  21S°,  became  1S75,  and  that  the 
change  was  in  proportion  for  higher  or  lower  temperatures. . 
The  numbers  actually  obtained  may  be  stated  as  in  the  fol- 
lowing table  : 


Tempentnie  on  a  Mer* 
corial  Thermometer 
by  F.  Scale. 

10000  Volamet  or  Air 
at  32°  become 

EzptDrioD  for  one  Degree 
on  F.  Scale  in  Part*  of 
the  Volume  at  330. 

-33 

8650 

20-77 

+  32 

10000 

212 

13750 

20-88 

300 

15576 

20-70 

387 

17389 

20-82 

473 

19189 

20-84 

559 

20976 

20-83 

660 

23125 

20-90 

The  mean  of  these  results  gives  the  expansion  for  one 
degree  at  20-81,  or  almost  exactly  ^^  of  the  volume  at  S29, 
which  result  had  been  adopted  universally,  without  any 
suspicion  of  its  being  imperfect.  Circumstances  having, 
however,  induced  Rudberg  to  submit  the  subject  to  an  accu- 
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rate  reinvestigatioii,  conducted  with  exceeding  care  and  at- 
tention^ particularly  to  the  state  of  dryness  of  the  air  em- 
ployed, he  has  found  that  the  amount  of  expansion  assigned 
by  Gay  Lussac  and  Dalton  is  somewhat  too  great,  and  that  a 
volume  of  air,  in  being  heated  from  32^  to  212%  expands 
from  1000  Tolumes  to  1365. 

The  mediod  which  he  employed  was  almost  exactly  the 
inverse  of  that  of  Gray  Lussac.  Having  dried  with  great 
care  the  air  in  a  glass  bulb,  the  tube  of  which  was  drawn  to 
a  fine  point,  like  that  described,  page  10,  for  taking  the  spe<> 
dfic  gravity  of  vapours,  he  heated  it  for  a  long  time  in  a 
vessel  of  boiling  water,  taking  care  that  all  parts  of  the  buH> 
and  tube  were  equally  heated,  and  then,  being  completely 
certain  that  aU  the  air  had  attained  the  maximum  temperature, 
he  sealed,  by  the  blow-pipe,  the  nunute  orifice,  and  thus 
had  the  bulb  containing  air  in  the  expanded  state.  The 
vessel  being  then  removed  to  a  trough  of  mercury,  the  orifice 
of  the  tube  was  placed  deep  below  the  surface,  and  carefully 
opened ;  a  quantity  of  ice  was  then  laid  upon  the  globe,  and 
being  supplied  as  fast  as  it  melted,  the  whole  was  thus  left 
for  some  hours  until  the  temperature  was  well  established 
at  3S?f  and  that  all  the  mercury  which  should  rise  into  the 
globe,  by  the  contraction  of  the  air  by  cooling,  had  entered. 
The  height  of  the  mercury  was  then  noticed,  and  the  height 
of  the  barometer,  and  the  corrections  necessary  for  its  posi- 
tive amount,  or  for  any  change  which  occurred  during  the 
experiment,  allowed  for,  as  already  described.  The  volume 
of  the  mercury  which  had  entered  into  the  globe  was  then 
ascertained,  and  the  volume  of  the  globe  itself  also  deter- 
mined, and  by  a  comparison  of  these,  corrected  for  the  ex- 
pansion of  the  glass,  and  for  any  variation  in  the  boiling 
point  firom  S12^,  the  rate  of  expansion  and  its  amount  were 
calculated. 

From  very  numerous  experiments,  Rudberg  inferred,  that 
in  being  heated  firom  SST  to  212^  1000  volumes  of  air  became 
between  1364  and  1366*4;  we  may  consider  1365,  which  is 
between  the  two,  as  being  absolutely  the  most  correct,  and 
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bence  that  for  each  degree  1000  yolumes  expand  ff^  =  S'OSS 
or  ^  of  its  volume  at  8S^ 

In  all  operations  upon  gaseous  mixtures  the  rate  of  expan- 
sion of  air  comes  into  play,  for  as  aU  gases  expand  alike,  and 
that  the  vapours,  even  of  these  bodies  which  are  least  volar 
tile,  as  camphor  and  corrosive  sublimate,  expand,  whilst  in 
the  elastic  form,  precisely  as  gases  do,  their  volumes  are  cor- 
rected for  temperature  and  pressure  in  the  same  manner. 
In  determining  the  specific  gravity  of  a  vapour,  it  is  also 
usual  to  reduce  it  to  the  same  standard  as  those  of  gases, 
that  is,  air  at  SS°,  even  where  the  substance  is  of  such  a  na- 
ture, as  that  at  32^  it  may  not  produce  any  sensible  vapour  at 
all.  In  doing  so  it  is  assumed  that  the  vapour  should,  in 
cooUng  to  32^,  follow  the  same  law  as  common  air,  and  hence 
an  error,  even  though  very  slight,  in  the  rate  of  expan^on  of 
air,  might  lead  to  incorrect  results  in  many  cases. 

The  application  of  such  corrections  follows  very  simply 
firom  what  has  been  described.  If  there  be  a  certain  quan* 
tity,  as  155  cubic  inches  of  hydrogen  gas  at  l^  Fah.,  and 
that  we  wish  to  know  the  volume  there  should  be  when 
cooled  to  32%  we  say  that,  as  U^""  is  110''  above  SS''  the  155 
cubic  inches  are  equal  to  the  volume  at  32^,  and  in  addition 
to  ^i  of  it;  that  being  the  quantity  by  which  it  is  expanded 
from  32^  to  142^.  Therefore  denoting  Ae  volume  at  3£^  by 
the  letter  Y,  there  is  the  equation : 

155-V+vii!?  or  v^^gX»55  -429.5 

129'5  cubic  inches  are,  therefore,  the  volume  at  32®. 

If,  on  the  other  hand,  we  have  a  gas  at  a  low  tempera- 
ture, and  we  wish  to  ascertain  what  its  volume  should  be  at 
32%  it  is  evident  that  the  mode  is  the  same,  except  that  in 
place  of  subtracting  the  amount  of  expansion  we  add  it  to 
the  original  volume.  Thus,  if  the  155  cubic  inches  of  hydro- 
gen had  been  at  6®  Fahrenheit,  then  the  equation  should 
have  been,  32*^  -  6®  being  26®. 

155  =:  V  ^  VS  or  V  =  -j,^^  =  168-3  cubic  inches 

493-26 


in  exact  numbers. 
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It  frequently  happens  that  it  is  necessary  to  reduce  a 
gas  at  one  temperature  to  its  volume  at  another^  neither  of 
which  being  3S^,  it  would  require  two  different  sums  to  be 
worked,  by  the  above  process.  But  it  may  be  effected  as 
follows,  by  a  single  calculation. 

The  volumes,  at  the  two  temperatures,  are  to  one  ano- 
ther in  the  same  proportion  as  the  standard  volume,  493, 
increased  by  the  amount  of  expansion  proper  to  the  tem* 
peratures.  Thus,  at  the  temperatures  of  75°  and  42°,  the 
standard  volume,  which  is  493,  at  3S°,  becomes  respectively 
636  and  SOS.  Now  any  volume  of  gas,  when  heated  from 
42°  to  75°,  or  cooled  from  75°  to  42°,  changes  its  volume  in 
these  proportions,  and  hence,  if  we  have,  for  example,  127 
cubic  inches  of  a  gas  at  75°,  and  that  we  wish  to  calculate  its 
volume  when  at  the  temperature  of  42°,  we  say,  calling  the 
unknown  volume  V : 

V:127::503:536  and  V=       J^^     =  119-2. 

The  formulas  for  these  corrections  may  be  very  simply 
written  in  a  general  form :  thus,  to  reduce  a  volume  to  32°, 
denoting  the  temperature  on  Fahrenheit's  scale  by  ^ ;  by  V, 
the  volume  of  gas  which  we  have  measured  at  that  tempera- 
ture; and  by  Vi,  the  volume  at  32°,  the  formula  is: 
V  493.  V 

^'"493±(<-32°) 
And  to  reduce,  without  reference  to  32°;  denoting  the  known 
volume  by  V,  and  the  unknown  by  Vi ;  the  temperature  of 
V  by  /,  and  that  of  Vi  by  ti,  there  is  found  : 

V,  _  493±ft,-32)^^^  ^^  ^  ^493  ±  (/,  -  32) 


V  "■  493±(^-32)  '""      493q:(/-32)  ' 

Air  which  has  been  heated  becomes,  from  its  great  in- 
crease in  volume,  specifically  much  lighter  than  cold  air,  in 
which  it,  therefore,  ascends  with  a  velocity  due  to  the  differ- 
ence between  their  specific  gravities.  It  is  thus  that  over 
every  lamp,  or  candle,  there  may  be  felt  a  current  of  heated 
air  ascending  from  the  flame ;  that  the  heavy  dark  smoke 
rises  in  its  heated  form  from  the  chimneys  of  our  houses ; 
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and  that,  in  crowded  apartments  or  theatreSi  the  upper  por- 
tion of  the  space  will  be  occupied  by  oppressively  hot  air, 
whilst  that  near  the  floor  will  be  quite  cool.  By  the  ascent 
of  the  heated  air,  from  our  furnaces  and  fire-places,  there  is 
generated  the  draught  which  gives  the  supply  of  air  neces- 
sary for  continued  burning;  and  as  the  intensity  of  the  com- 
bustion and  consequent  heat  produced,  depends  on  tife 
rapidity  of  draught,  the  hot  air  is  kept  from  being  cooled  by 
mixing  with  the  cold  external  air,  by  being  collected  m  the 
chimney,  where  it  obtains  an  ascensional  power  correspond- 
ing to  its  height,  and  by  which  we  are  enabled  to  regulate 
with  accuracy  the  temperature  which  shall  be  produced. 
On  this  ascensional  power  of  heated  air,  is  founded  also  the 
construction  of  the  fire  or  Montgolfier  balloon,  a  bag  of  hot 
air,  rising  in  the  surrounding  colder  atmosphere,  precisely 
as  a  light  flask,  filled  with  oil  or  alcohol,  would  ascend  if  let 
loose  at  the  bottom  of  a  vessel  full  of  water. 

It  has  been  already  noticed,  that  liquids  do  not,  in  ex- 
panding, follow  any  simple  proportion,  such  as  that  which 
exists  for  gaseous  bodies,  but  that  each  fluid  has  a  peculiar 
dilatability  of  its  own,  and  that  the  rate  of  expansion  varies 
with  the  temperature,  being  greater  in  the  higher  portion  of 
the  thermometric  scale  than  in  the  lower.  Liquids  expand 
much  less  than  gases,  but  much  more  than  solids ;  for,  as  is 
particularly  instanced  in  the  thermometer,  the  visible  ex- 
pansion of  a  fluid  is,  in  most  cases,  only  the  excess  of  its 
expansion  over  the  expansion  of  the  solid  vessel  in  which  it 
may  be  contained. 

To  measure  the  amount  of  expansion  in  liquids,  they 
may  be  introduced  into  graduated  thermometer  tubes ;  and 
then,  when  exposed  to  the  same  degree  of  heat,  they  will 
indicate  temperatures  proportional  to  their  expansibilities. 
Thus  alcohol  rising  more  into  the  stem  than  water,  and 
water  more  than  mercury,  will  stand  at  different  marks  on  the 
stem,  although  the  temperature  be  really  the  same.  It  may, 
however,  be  more  easily  and  more  accurately  done  by  means  of 
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the  apparaiiia  in  the  figures,    adbiaa  glass  tube,  the  neck  of 

ga=fc=^  M         Ly  ^^*<5h  w  very  narrow,  and  bent 

'  as  in  either  figure.  This  tube  is 

to  be  filled  completely,  at  the  lowest  temperature,  with  the 
liquid,  whose  expansion  is  to  be  examined  and  then  weighed, 
the  weight  of  the  tube  itself  being  pre- 
viously known,  and  the  quantity  of  liquid 
which  it  contains  is  thus  determined.  The 
tube  is  to  be  then  placed  upright  in  a  cylin- 
der of  water  or  oil  i,  to  which  heat  may  be 
applied  by  a  furnace  below ;  and  the  li- 
quid expanding  according  as  its  tem- 
perature is  raised,  the  excess  of  yolume 
flows  out  at  the  capillary  beak  c,  and  may  be  collected  as 
in  dy  or  let  to  waste.  When  the  apparatus  has  been  brought 
to  the  highest  temperature  required,  and  that  all  further 
expansion  has  ceased,  as  is  known  by  no  more  liquid  pass- 
ing oat  at  e,  the  tube  is  to  be  removed  from  the  bath, 
carefully  cleaned,  and,  when  again  cool,  accurately  weighed. 
The  loss  of  weight  is  the  quantity  of  liquid  that  had  been 
expelled,  and  this,  compared  with  the  whole  original  quan- 
tity of  liquid,  gives  the  proportion  of  expansion.  In  this 
manner,  however,  the  result  appears  to  be  less  than  it  really 
is,  for  the  expansion  of  the  glass  tube  itself  diminishes  the 
quantity  of  liquid  expelled.  Such  results  require,  therefore, 
to  he  corrected  for  the  expansion  of  the  glass,  which  is,  how- 
ever, so  small,  that  in  the  more  dilateable  liquids  it  may  be 
neglected.  In  mercury,  however,  it  affects  the  apparent 
expansion  very  much :  mercury  expanding  in  glass  through 
180^  augments  in  volume  only  ^,  whilst  its  real  expansion 

is  3V. 

The  amount  of  expansion  of  different  fluids,  in  passing 
through  180"  degrees  of  Fahrenheit,  is  thus  found  to  be  :— 
Alcohol,    .    .     .     .     i         Oil  of  turpentine,     .     ^ 
Nitric  acid,     .     .    .     ^         Sulphuric  acid,   .     .    tV 

Rxed  oils,      -     •    •    t^        Water, ^ 

Sulphuric  ether,      .    ^V        Mercury,    ....    3V 
The  actual  amount  of  expansion,  independent  of  the  ex- 
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pansion  of  the  containing  vessel,  is  best  observed  by  the 
apparatus  used  by  Dulong  and  Petit.  It  consists  of  a  glass  tube, 

abCi  bent  in  the  form  of  an 
U|  of  which  the  horizontal 
portion  c  is  narrow,  but 
the  vertical  legs  pretty  wide. 
When  mercury  is  poured 
into  the  tube,  it  stands  at 
the  same  height  in  both  legs,  if  the  temperature  be  the  same, 
but  one  leg  being  immersed  in  a  vessel  of  oil  or  water,  l^  by 
which  heat  can  be  applied  to  it,  and  thereby  the  mercury  in 
it  caused  to  expand,  the  height  of  the  liquid  column  must 
increase,  in  order  to  balance  the  colder  column  of  mercury 
in  the  proportion  of  the  augmented  volume.  The  difference 
between  the  heights  being  read  off,  by  means  of  an  accurate 
scale,  with  a  telescope,  o,  the  amount  of  absolute  expansion 
may  be  easily  calculated  from  it. 

By  means  of  this  instrument,  Dulong  and  Petit  deter* 
mined  the  rate  at  which  the  expansion  of  mercury  increases 
with  the  temperature,  as  has  been  noticed  generally  in  the 
description  of  the  thermometer.  Their  result  was,  that  be- 
tween S^  and  312^,  measured  on  the  air  thermometer,  the 
the  expansion  is  —.  From  212^  to  892*^  it  is  j^,  and 
from  392°  to  572*^  it  is  ~^.  The  consequence  is,  that 
measured  by  its  own  expansion,  mercury  boils  at  680°  Fah- 
renheit ;  but  from  the  expansion  of  the  glass  of  an  ordinary 
thermometer  bulb,  it  boils  at  660°  on  the  visible  scale,  which 
coincides  almost  exactly  with  662°,  the  temperature  given  by 
the  dilatation  of  air.  The  apparent  expansion  of  mercury  in 
glass  is,  therefore,  taken  as  being  uniform  for  180°.  ^  of  its 
volume. 

Considerable  simplicity  is  given  to  the  laws  of  dilatation 
of  liquids,  by  an  observation  of  Gay  Lussac,  that,  in  order 
to  obtain  any  common  rule  for  them,  such  as  is  found  for 
gaseous  bodies,  we  must  examine  them  when  in  the  same 
molecular  condition  ;  that  is  to  say,  the  cohesive  powers  of 
the  liquids  we  employ  must  be  brought  into  the  same  state. 
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This  is  most  nearly  doDej  by  taking  these  liquids  when 
heated  to  their  boilbg  points,  for  then  the  cohesion  of  each 
liquid  is  about  to  cease  altogether.  Thus  alcohol  boils  at 
173^,  water  at  ilS^,  sulphuret  of  carbon  at  134^  and  sul- 
phuric ether  at  96*3^ ;  and,  taking  1*000  volumes  of  each  at 
their  boiling  points,  and  allowing  them  to  cool,  they  contract 
as  follows : — 


Bjrcooliog 

Water 

Alcohol 

Snlphuiet  of 
Carbon 
eontiacts 

Ether 

tbroagii 

cootncts 

conbacte 

coDiraets 

18° 

6-61 

11-43 

12-01 

16-17 

sef 

13-16 

24-34 

23-80 

31-83 

64° 

18-85 

34-74 

36-06 

46-4« 

72° 

24-10 

45-68 

45-77 

68-77 

90^ 

28-fi6 

66-02 

66-28 

7201 

108° 

82-42 

6&96 

66-21 

•  •   •  • 

We  by  this  means  find  a  very  interesting  relation  between 
alcohol  and  sulphuret  of  carbon,  two  fluids  remarkably  dif- 
ferent in  their  specific  gravities,  and  in  their  chemical  con- 
Station  and  properties.  It  appears  that  their  molecular 
fierce  must  increase  at  the  same  rate,  for  in  cooling  the  same 
number  of  degrees  below  their  boiling  points,  they  contract 
to  exactly  the  same  amount :  and  a  still  further  connexion 
is  exhibited  between  their  molecular  conditions,  by  the 
remarkable  fact,  that,  in  being  converted  into  vapour, 
the  augmentation  of  volume  which  they  imdergo  is  the 


Many  liquids  possess  the  property  of  contracting,  by  re- 
duction of  temperature,  only  to  a  certain  point;  below  which, 
if  the  cooling  be  continued,  they  expand.  As  the  volume  at  this 
temperature  b  the  least  possible,  it  is  called  the  point  of  maxi- 
mum density.  This  peculiarity  was  first  recognized  in  water ; 
but  it  has  since  been  found  in  many  other  fluids,  even  in  a 
stin  more  remarkable  degree.  It  is,  however,  in  water  that 
the  phenomenon  is  of  most  importance,  in  consequence  of 
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the  extensive  agency  of  that  fluid  in  natural  operations.  The 
point  of  maximum  density  of  water  has  heen  determined  by 
the  experiments  of  very  many  persons  to  be  39^5  of  Fah- 
renheit. When  water  below  that  temperature  is  heated^  it 
contracts ;  when  heated  above  it,  it  expands :  when  cooled 
from  above  it,  it  contracts ;  when  cooled  below  it,  it  expands : 
and  when  the  experiment  is  made  in  glass  vessels,  the  con- 
traction of  the  glass  has  the  effect  of  rendering  the  expan- 
sion of  cooling  below,  or  of  heating  above,  through  the  same 
number  of  degrees,  exactly  equal.  Thus,  100*000  volumes 
of  water  become  100*012  equally  by  being  cooled  from 
89*5  to  32^,  or  by  being  heated  from  39.5^  to  AISP,  and  the 
specific  gravity  of  water  at  46^  and  at  32^  is  consequently  the 
same. 

A  great  deal  of  the  permanence  of  the  existing  order  of 
nature  depends  upon  this  property  of  water :  it  is  by  means 
of  it,  that  the  great  mass  of  water,  in  our  lakes  and  rivers,  is 
preserved  from  being  converted  into  solid  ice.  When,  by 
the  cooling  process  of  the  winds,  the  water  has  been  all  re- 
duced to  the  temperature  of  39.5^,  the  water  at  the  surface 
acts  as  a  screen  to  prevent  the  further  loss  of  heat,  and  thus 
retains  the  deeper  portions  at  a  temperature  sufficiently  high 
for  the  existence  of  its  organized  inhabitants  ;  for,  by  the 
continued  action  of  the  cold  wind,  the  superficial  water  being 
cooled  below  39.5^,  it  becomes  lighter,  and  floats  upon  the 
heavier  and  warmer  water  underneath;  and  from  the  bad 
conducting  power  which  water  will  be  hereafter  demonstrated 
to  possess,  the  loss  of  heat  is  effectually  prevented.  If  it  were 
not  for  this  property  of  water,  all  large  collections  of  it»  in 
lakes  and  rivers,  should,  with  few  exceptions,  be  permanently 
frozen. 

The  dilatation  of  solids  is  much  inferior  in  amount  to 
that  of  liquids,  and  as  with  these,  the  rate  of  dilatation 
is  not  uniform,  but  increases  with  the  temperature.  The 
increase  is,  however,  so  exceedbgly  minute,  that  in  almost 
all  cases  it  may  be  neglected,  and  hence  need  not  occupy 
much  attention.    The  dilatation  of  solids,  although  so  small. 


EXPANSION  OF  SOLIDS.  93 

may  yet  be  demonstraled  to  be  real,  by  many  simple  experi- 
ments. Thu8«  if  an  iron  rod  be  made  to  fit,  when  cold,  in 
length  and  breadth,  an  exact  scale,  it  will  be  found,  when 
heated,  to  be  too  large  to  enter  it  An  iron  ring  which  is, 
when  cold,  too  small  to  pass  over  a  cylinder,  becomes  suf- 
ficiently large  on  being  heated,  and  if  the  cylinder  could  have 
passed  through  when  cold,  its  diameter  becomes  too  great  to 
allow  its  passage  when  its  temperature  is  raised.  In  the 
arts,  the  expansion  of  solids,  particularly  of  the  metals,  in 
this  way,  becomes  the  source  of  numerous  inconveniences, 
and  of  many  usefol  applications.  Thus,  the  iron  rim  of  a 
carriage  wheel  is  secured  by  the  power  of  its  own  contraction ; 
it  having  been  slipped  upon  the  wooden  frame,  whilst  in  a 
hot  and  expanded  state.  The  force  of  contraction  of  iron 
bars  in  cooling,  has  been  applied  successftdly  to  restore  to 
the  proper  position,  buildings  which  had  been  about  to  fall, 
and  the  rate  of  expansion  has  also,  as  in  the  pyrometers  of 
Daniel]  and  others,  served  as  an  useful  measure  of  high  tem- 
peratures ;  on  the  other  hand,  by  the  alternate  expansions 
and  contractions,  under  the  successive  influence  of  winters 
and  summers,  of  the  metallic  bars,  which  had  imprudently 
been  laid  in  the  masonry  of  some  important  public  buildings, 
with  the  idea  of  giving  additional  security,  the  courses  of 
stone  or  brick  have  been  loosened  from  one  another,  and  re- 
construction rendered  necessary,  in  order  to  prevent  their 
being  gradually  pulled  to  pieces. 

In  estimating  the  amount  of  expansion  of  a  solid  body, 
the  great  difficulty  is  the  accurate  measurement  of  the  small 
increase  in  length,  which  takes  place.  For  this  purpose,  a 
great  variety  of  mechanical  arrangements  have  been  con- 
structed. As  they  all  are  in  principle  the  same,  and  the  de- 
tailed description  of  any  exact  form  would  occupy  too  much 
space,  it  will  be  sufficient  to  notice  one,  which,  though  not 
that  by  which  very  accurate  numbers  may  be  obtained,  is 
calculated  to  give  a  satisfactory  idea  of  their  general  con- 
struction ;  a  i  is  the  bar  of  which  the  expansion  is  to  be  de- 
termined, it  is  fastened  securely  at  the  extremity  a,  and  rests  at 
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65  in  a  groove  along  which  it  is  free  to  moyei  as  in  the  figure. 
This  end  of  the  bar  at  b,  presses  against  a  rod,  e,  which  is  a 


J^-t-f-4i 


lever  of  the  second  order,  very  near  the  fulcrum,  and  this 
transfers  its  nu>tion  to  the  end  of  the  lever,  increased  in  the  pro- 
portion of  the  distance.  This  lever  acts  on  another  similar  one 
d,  the  extremity  of  which  serves  as  an  index  on  the  graduated 
circular  arc  e,  by  which  the  amount  of  expansion  is  read  off. 
Thus,  if  the  acting  lengths  of  the  arms  of  the  levers  are 
respectively,  1  and  20,  and  that  the  end  of  the  bar  a  at  65 
Hooves  1^^  of  an  inch,  the  end  of  the  index  d  will  move  on 

SOxSO  4 
the  scale  e  through  innn  — Ta  ^^ *°  ™ch,  a  space  capa- 
ble of  being  divided  by  a  microscope  and  vernier  into  200 
measurable  spaces,  so  that  an  expansion  of  the  two  hundred 
thousandth  of  an  inch  can  be  accurately  determined.  For  a 
popular  illustration,  the  source  of  heat  may  be  lamps,  as  in 
the  figure,  but  for  accurate  experiments  the  bar  is  com« 
pletely  immersed  in  a  bath  of  oil  or  water,  and  the  temper- 
ature ascertained  by  a  suitable  arrangement  of  thermome- 
ters. 

The  most  important  results  thus  obtained  are  the  follow- 
ing. The  temperature  being  raised  from  3SP  to  212^ ;  the 
mcrease  in  length  of  a  bar  of 
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Glass  varies  from 

to  . 
Copper  •  «  • 
Brass  •  •  •  • 
Soft  iron  •    .     • 


tAtt 


Steel 

Gold 

Silver 

Lead 

Tin 


The  increase  in  length  is  called  the  linear  dilatadon  of  a 
substance,  but  its  increase  of  volume  is  called  the  cubical 
dilatation^  and  is  three  times  the  former.  Thus  the  cubical 
dilatation  of  glass  is  j^  or  ^.  Hence  a  glass  ball  which 
holds  428  measures^  at  S2^  becomes  capable  of  holding  429 
at  »IS9,  or  if  it  hold  10-000  at  32,  it  holds  10023  at  212o. 
In  diis  manner  the  correction  for  the  expansion  of  glass  is 
in  aU  cases  made.  But  it  is  necessary  to  apply  the  amount 
of  expansion  belonging  to  the  particular  sort  of  glass; 
thus,  in  the  account  of  the  thermometer  in  page  75,  the 
cubic  dilatation  of  glass  was  taken,  not  as  10*023,  but  10*Q26« 

Although  it  is  abundantiy  proved  that  solid  bodies  ex- 
pand more  rapidly,  at  high,  than  at  low  temperatures,  yet, 
except  in  the  case  of  some  particular  substances,  as  glass, 
iron,  and  platinum,  whose  utility  as  measurers  of  heat  ren- 
dered a  knowledge  of  the  law  of  their  expansion  necessary,  the 
subject  has  been  httie  examined ;  the  degree  to  which  the 
rate  of  expansion  is  affected  by  temperature,  will  be  suf- 
ficientiy  shown  in  the  table  which  follows.  At  the  tempera- 
of  212^  Fahrenheit,  as  given  by  an  air  thermometer,  the 
dilatation  for  one  degree  is  thus,  for 


Glass. 

Platinum. 

Iron. 

Copper. 

T^imj 

in^TO 

TJ5TS7i 

ttHtt 

which  at  572°  of  Fahrenheit  it  becomes,  for 


Glass. 

Platinum. 

Iron. 

Copper. 

sdIqo 

Bii^iJi 

•ixshrs 

7li60 

and  the  temperatures  deducible  from  the  expansion  of  a 
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thermometer,  made  of  each  of  these  substances  should  be 
in  passing  from  219^  to  572^as  compared  with  air, 


Air. 

Gla«. 

Platinum. 

Iron. 

Copper. 

572° 

667» 

692'» 

T02« 

623» 

Platinum  expands  thus  the  most  regularly  of  those  bodies, 
and  should,  therefore,  be  best  fitted  for  a  metallic  thermo- 
meter. 

It  is  remarkable  that  the  rate  of  expansion  is  not  increased 
by  rise  of  temperature,  for  all  solid  bodies,  but,  on  the 
contrary,  in  some  cases  there  exists,  for  solids  as  for  liquids, 
a  point  of  maximum  density,  so  that  the  body  shall  expand, 
whether  it  be  cooled  or  heated  from  that  degree.  This  is 
peculiarly  the  case  in  Rose*s  fusible  metal,  which  has  been 
so  often  mentioned  as  a  means  of  applying  a  steady  heat. 
When  heated  from  32°  to  11 P,  this  metallic  alloy  increases  in 
volume,  from  100*000  to  100*830  parts,  but  there  the  expansion 
stops,  and  when  further  heated  it  contracts,  until,  when  at  1 56°, 
the  volume  is  only  99*291,  being  less  than  at  32°.  By  a 
further  rise  of  temperature  it  again  expands,  and  at  178° 
is  at  its  original  volume  of  100*000,  and  continues  expanding 
until  being  100*862  at  201°,  almost  exactly  what  it  had  been 
at  1 11°,  it  begins  to  melt.  It  is  curious  that  It  has  no  point 
of  maximum  density  when  in  the  liquid  state. 

The  different  rates  of  expansion  of  different  solid  bodies 
are  subservient  to  some  very  important  uses  in  the  arts  and  in 
scientific  research.  Thus,  the  difference  between  the  expan- 
sibilities of  platinum  and  brass,  or  any  other  two  metals  which 
differ  much,  may  be  used  as  a  very  delicate  thermometric 
means.  If  we  take  a  flat  rule  of  platinum  exactly  ten  inches 
long,  at  33°,  and  lay  it  on  a  similar  rule  of  brass,  to  which  it 
is  firmly  screwed  at  one  extremity,  and  on  which,  at  the 
free  end,  there  is  engraved  a  scale  of  parts  of  an  inch,  for 
a  small  space,  the  compound  rule  will  serve  as  a  thermometer. 
For  the  two  rules  being  exactly  of  the  same  length,  at  32°, 
if  we  place   them,   fastened  together,   in  boiling    water. 
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the  brass  rOle  wfll  be  elongated  by  0*019>hikt  the  pb- 
tiaa  fule  wfll  expand  only  through  0-009,  hence  the  end 
of  the  brass  rule  will  project  beyond  the  platina  rule  by 
0  010  of  an  inch,  and  as  die  expansion  is  uniform  for 
tbese  moderate  temperatures,  each  degree  of  Fahrenheit's 
scale  wfll  be  indicated  on  the  scale  of  the  brass  rule  by 
oi^L2.s_^J_^of  an  inch.     In  this  form  the  spaces  wonld 

ISO  18-000  * 

be  too  mhrate  to  be  easQy  determined ;  but  by  modifying 
the  form,  and  connecting  the  rules  through  their  whole 
length,  the  beautiful  metallic  thermometer  of  Breguet  has 
been  inrented.  Its  principle  is  as  follows :  if  the  two  rules  be 
soldered  completely  together,  as  in  a,  in  place  o  fbeing  connected 
only  at  a  single  point,  the  result  of  the  unequal  expansion  is  to 
bend  tbe  bar,  as  in  6,  until,  the  most  expansible  metal  being  on 

the  outside,  it  forms  an  arch  lon- 
^^^^^^^^^^      ger  than  that  formed  by  the  inside 
rule,  by  the  difference  of  their 
expansions.      If  the  compound 
bar  be  already  bent  into  a  circle, 
the  ends  of  which  are  not  op- 
posed, the  effect  of  the  expansion  is  to  make  these  edges 
project,   and  to  diminish   the  diameter  of  the   circte;  by 
having   a  number  of  such  circles,    the   expansion  of  all 
being  added  together,  a  considerable  circular  motion   is 
produced  in  the  extremity.    In  the  thermometer  of  Breguet 
there  is  such  a  compound  spiral  fastened  at  the  upper  end, 
and  having  attached  to  its  lower  extremity  an  index,  which 

moves  round  a  circular  scale,  c  c, 
and  indicates  the  temp^aturedT 
the  instrument.  On  this  relative 
expansion  is  abo  founded  the 
construction  of  the  compound 
pendulum.  A  metallic  bar,  when 
used,  as  in  an  ordinary  clock,  to 
measure  time  by  its  vibrations, 
being  constantly  changing  in  length  according  as  the  ex- 
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ternal  temperature  varies,  affects  the  rate  of  the  clock, 
making  it  go  too  fast  or  too  slow,  by  its  shortening  or  elon* 
gation.  This  is  corrected  by  having  two  or  more  bars,  by 
the  expansion  of  one  of  which  the  vibrating  length  of  the 
pendulum  is  increased,  whilst  by  the  expansion  of  the  other 
it  is  just  as  much  shortened;  the  consequence  of  this  opposing 
action  is,  that  the  pendulum  remains  indifferent  to  all  changes 
of  temperature,  and  the  clock  becomes  an  exact  measure  of 
time  at  all  seasons. 

SECTION  II. 

OP    SPECIFIC   HEAT. 

It  is  now  necessary  to  examine  into  the  quantity  of  heat 
which  each  substance  requires  to  raise  its  temperature  a 
certain  number  of  degrees,  for  although  it  be  quite  impos- 
sible to  assign  the  absolute  proportion,  yet,  by  obtaining  the 
relative  proportions,  we  may  arrive  at  results  which  may  serve 
to  characterize  those  substances,  and  may,  as  shall  be  here-^ 
after  shown,  lead  us  to  important  views  of  the  relations 
between  their  physical  and  chemical  constitution.  The 
relative  quantity  of  heat  necessary  to  raise  the  temperature 
of  any  body  through  a  certain  number  of  degrees,  as  ten,  for 
example,  is  termed  its  specific  heat. 

If  we  take  a  pint  of  water  at  150^,  and  another  pint  of 
water  at  50^,  and  that  we  mix  them  well  in  a  very  thin  vessel, 
the  temperature  of  the  mixture  is  found  to  be,  if  we  allow 
for  some  sources  of  error  to  which  this  process  is  exposed, 
exactly  100^  Thus  the  one  part  of  water  has  transferred 
to  the  other  a  quantity  of  heat  sufficient  to  raise  its  tempe- 
rature 50^,  and  whether  this  addition  was  from  60^  to  100°,  or 
from  100**  to  150°  the  result  was  the  same.  In  water,  there- 
fore, the  specific  heat  does  not  change  within  these  limits ; 
but  it  will  be  found  that  in  high  temperatures  a  trifling 
increase  does  occur  ;  for  the  present  purpose,  however,  it 
may  be  neglected.  If  now  a  pint  of  water  be  taken  at  150"* 
as  before,  and  a  pint  of  mercury  at  50%  and  that  they  be 
well  apd  rapidly  mixed  together^  until  both  have  attained 
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the  same  temperatoFe,  this  will  be  found  to  be  118^«  The 
mercury  here  rises  from  5(f  to  118*^,  through  68**,  whilst  the 
water  cools  only  through  3S^,  or  not  quite  half  as  much^  so 
that  the  same  quantity  of  heat  can  raise  the  temperature  of 
mercury  through  twice  as  many  degrees  as  that  of  water. 

Taking  thus  equal  Tolumes,  the  specific  heats  of  water 
and  mercury  are  as  68  :  3^;  or  water  being  adopted  as  the 
standard,  for  liquid  and  solid  bodies,  and  its  specific  heat 
taken  as  I,  the  specific  heat  of  mercury  is  0*4*^  nearly.  Such 
bodies  are,  however,  generally  taken  not  in  equal  volumes, 
but  in  equal  weights,  and  hence,  it  is  necessary  to  divide  the 
0'47  by  13*5  the  specific  gravity  of  mercury,  and  thus  there 
IS  obtained  0-035,  its  specific  heat. 

The  process  now  given  is  known  as  the  method  of  mix- 
tures, and  has  been  selected  for  example,  as  that  by  which 
the  meaning  of  the  term  specific  heat  is  best  explained ;  but 
it  is  not  the  only  one,  or  even,  perhaps,  the  best  by  which 
specific  heat  may  be  determined.  The  sources  of  error  are, 
that  a  certain  quantity  of  heat  is  absorbed  by  the  vessel  in 
which  the  mixture  is  made,  and  that,  as  the  mixture  re« 
quires  some  time  to  make,  a  certain  loss  occurs  by  the  cool- 
ing power  of  the  air.  But  it  is,  however,  in  skilful  hands, 
capable  of  exceeding  accuracy ;  and,  with  the  recent  im- 
provements that  have  been  made  in  its  details  by  Regnault, 
it  has  yielded  results  of  the  highest  value  to  science.  The 
various  forms  of  apparatus  used  in  such  experiments  need 
not  be  described.  For  the  use  of  the  method  of  mixtures 
it  is  not  necessary  that  the  two  hodies  should  be  liquid. 
Thus,  if  a  pound  of  pure  copper  in  a  bar  be  heated  in  an  oil 
bath  to  300^,  and  be  then  immersed  in  a  pound  of  water  at 
50^y  the  copper  will  give  out  its  excess  of  heat  to  the  water, 
and  both  wiQ  arrive  at  a  temperature  of  72"^.  The  copper 
has,  therefore,  lost  228%  and  the  water  has  gained  22%  and 
the  specific  heats  being  invariably  as  these  numbers,  that 
of  copper  is  found  thus  tobe  ^^  =  0-096,  water  bemg  1-000. 

One  process  employed  by  Dulong  and  Petit  consisted  in 
heating  to  the  same  degree  the  bodies  to  be  tried,  and  al- 
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lowing  them  to  cool  under  exactly  the  same  circmnstanceB.  It 
is  evident  that  if  we  know  exactly  the  rate  at  which  a  body 
cools,  and  the  time  which  it  takes  to  cool,  we  can  calculate 
exactly  how  much  heat  it  parts  with.  Thus,  if  we  have  two 
bodies  heated  to  300°,  and  that,  circumstanced  in  all  re- 
spects alike,  one  requires  1ft  minutes  to  cool  to  50^,  and  the 
other  25,  the  latter  will  have  parted  with  more  heat,  in  the 
proportion  of  S5  to  15,  and  the  specific  heat  is  expressed  by 
the  qu€U[itity  of  heat  the  body  gives  out  in  cooling.  Hence 
those  substances  which  have  high  specific  heats  require 
more  time  to  heat  or  cool,  through  a  certain  number  of  de- 
grees, than  those  bodies  whose  specific  heat  is  less. 

It  was  by  a  process  of  this  kind  thitt  the  relative  specific 
heats  of  bodies  was  first  discovered.  Boerhaave  having  re- 
marked, that  when  two  thin  glass  vessels,  containing,  one  a 
pounA  of  water  and  the  other  a  pound  of  mercury,  were 
equally  exposed  to  the  heat  at  the  front  of  a  strong  fire,  the 
temperature  of  the  mercury  rose  much  more  rapidly  than  that 
of  the  water,  and  that  it  attained  its  greatest  degree  in  one- 
half  of  the  time  which  the  water  required ;  and  also,  when 
both,  equally  hot,  were  removed  from  the  fire,  the  mercury 
cooled  twice  as  fast.  For  accurate  purposes,  however,  there 
are  many  precautions  necessary  in  order  to  place  the  sub- 
stances under  the  same  conditions,  so  as  to  render  the  ra- 
pidity of  cooling  dependant  only  on  their  different  specific 
heats ;  thus,  equal  weights  of  the  different  bodies  are  placed 
in  the  same  thin  polished  silver  vessel,  so  that  their  external 
surface  may  be  the  same  in  extent  and  nature,  and  this  ves- 
sel cools  in  an  exhausted  receiver  in  order  that  there  may  be 
no  loss  of  heat  from  contact  with  the  external  air.  The  in- 
ternal surface  of  the  receiver  must  also  be  always  in  the  same 
state,  that  the  heat  given  out  may  pass  off  in  all  cases  with 
equal  facility. 

An  extensive  series  of  researches  on  the  spedfic  heats  of 
bodies,  conducted  by  the  illustrious  associates  Lavoisier  and 
Laplace,  have  been  found  on  repetition  to  have  been  render- 
ed useless  by  the  imperfections  of  the  apparatus  they  env 
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ployed ;  it  was  termed  the  Calorimeter^  and  consisted  of  a 
▼eBsel  containing  ice,  in  the  centre  of  which  the  heated  body 
was  placed,  and  the  quantity  of  heat  this  gave  out  in  cooling 
was  measured  by  the  quantity  of  ice  which  was  melted  into 
water.  Outside  there  was  another  case  of  ice  to  defend  the 
instrument  from  the  action  of  the  air.  It  was  found  in 
practice  impossible  to  collect  all  the  water.  A  quantity  re- 
mained infiltrated  among  the  ice,  some  solidified  in  one  part 
of  the  vessel  after  having  been  melted  in  another,  and 
consequendy,  the  numbers  given  by  two  of  the  greatest  men 
that  have  ever  been  attached  to  science,  must  be  considered 
as  qmte  without  authority.  In  cases,  however,  where  the 
quantity  of  heat  was  very  large,  as  when  the  Calorimeter  was 
employed  to  detemune  the  quantity  of  heat  produced  in 
combustion,  these  sources  of  error  became  less  influential, 
and  such  results  will  be  utilized  in  a  future  chapter. 

The  specific  heats  of  a  number  of  the  most  important 
solid  and  liquid  bodies,  determined  by  such  methods,  are 
given  in  the  following  Table : 


Water.    . 

. 

.  =  1-000 

Iron    .     .    .. 

.  =  0-114 

Ether  .     . 

, 

.  =0-520 

Copper     .    . 

.=0095 

Alcohol    . 

• 

.=0-660 

Lead   .     .    . 

.=0-031 

Sulphuric  Add .  =:  0*333 

Gold  .     .    . 

.=0-032 

Nitric  Add 

.=0-442 

Antimony 

.=0-051 

Sulphur   • 

.=0-202 

Tin.    .     .    . 

.=0-056 

Carbon     . 

.  =  0-241 

Iodine .    .    . 

.=o<m 

Mercury  . 

.=0-033 

Phosphorus  . 

.  =  0-188 

Arsenic    . 

.  =  0-081 

Gbiss  .    .    . 

.=0-177 

Platinum  • 

.  =0-032 

Calomel    . 

.  =  0-041 

Silver  .    . 

.=0057 

Common  Salt 

.=s  0-225 

Zinc    .    . 

.  =0-095 

Nitrate  of  Soda  =0-240 

TeDurium 

.  =  0-051 

Lime   .     .    . 

.=0-205 

Nickel     . 

.  =0-109 

Magnesia .     . 

.=0-276 

Cobalt      . 

.  =  0-107 

The  numbers  given  are  generally  those  lately  obtained  by 
Regnault. 
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The  specific  heats  of  bodies  are  not  the  same  at  all  tem- 
peratures ;  thus  DuloDg  and  Petit  have  found  that  the 
specific  heats,  calculated  from  the  change  of  temperature 
from  32^  to  2I2<>,  and  from  32''  to  572^,  differ,  as  in  the  fol- 
lowing Table : — 


SabiUDce. 

Sp.  Heat  from 
32«to2ia». 

Sp.  Heat  from 
32"  to  672». 

Mercury   .     . 

00330 

0-0350 

Zinc     .     .     . 

00927 

0-1015 

Antimony .     . 

00507 

00549 

saver  .     .     . 

00557 

0  0611 

Copper     .     . 

00949 

01013 

Platinum  .    . 

00355 

0-0397 

Glass  .     .     . 

01770 

0-1900 

Iron     .     .     . 

0-1098 

0-1218 

The  specific  heat  increases,  therefore,  with  the  tempe- 
rature, and  Nauman  and  Regnault  have  found  that  this 
holds,  even  with  water,  for,  according  to  their  experiments, 
the  sp.  heat  of  water  at  33^  being  I'OOO,  that  water  at  212° 
is  1*010,  consequently  the  equal  distribution  of  heat  between 
warm  and  cold  water,  which  was  described  at  the  com- 
mencement of  this  section,  does  not  exactly  hold;  the  tem- 
perature of  the  mixture  should  be  a  very  little  above  the 
mean.  This  was,  however,  omitted,  in  order  not  to  compli- 
cate the  account  of  that  manner  of  finding  the  specific  heats. 

The  specific  heats  of  bodies  are  connected  very  inti- 
mately with  their  chemical  and  molecular  constitution^ 
although  we  are  not  yet  able  to  trace  the  exact  cause  of  this 
connexion  in  all  its  forms.  The  discovery  of  such  con- 
nexion was  the  most  remarkable  result  of  the  experiments 
of  Dulong,  and  it  may  be  expressed  as  follows.  If  we  take 
the  specific  heats  of  any  of  the  bodies  given  in  the  table,  and 
divide  by  each  of  them  the  number  31,  we  obtain  a  series 
of  numbers  which  are  found  to  be  either  those  which  shall 
be  hereafter  described  as  the  chemical  equivalents  of  the 
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bodies,  or  to  stand  in  some  remarkably  simple  relation  to 
those  equiralents,  thus : — 


1        SnbtUDM. 

Sp.  H«at. 

3-1 

True  EquivaleoL 

8p.  Heat. 

Lead .     .    . 

0-031 

100-0 

103-6 

Tin     .    .    . 

0056 

55-4 

57-9 

Zinc  .    .     . 

0-095 

32-6 

32-3 

Bismuth .     . 

0-080 

100-7 

71-0 

Carbon   .     . 

0-24 

12-9 

61 

Iodine     .     . 

0-054 

57-4 

126-3 

Fhospborus 

0-188 

16-5 

31-4 

SUver.     .     . 

0057 

54-4 

108- 

In  the  first  division  of  this  table,  the  quotient  is  so  close 
to  the  true  equivalent,  as  sufficiently  to  show  that,  were  it 
not  for  the  unavoidable  errors  of  experiment,  they  should 
coincide.  In  bismuth  the  result  is  1^  times  the  true  equiva- 
lent. In  carbon  it  is  double  the  true  equivalent  In  iodine, 
in  phosphorus,  and  in  silver,  it  is  one-half.  Each  of  these 
iUostrations  might  be  much  extended,  their  numbers  being 
only  intended  as  examples  of  the  fact. 

The  above  are  all  simple  bodies ;  but  Nauman  and  Avo« 
gadro  have  shown,  that  also  in  compound  bodies  this  con* 
nexion  between  the  equivalent  number  and  th#  specific  heat 
exists,  althoagh  the  connecting  dividend  is  no  longer  3' 1,  but 
is  a  different  number  for  each  elass  of  bodies* 

Thus,  for  the  following  carbonates,  the  specific  heats 
being  made  the  divisors  of  the  number  10*4,  there  is — 


Bmbatuuseg. 

Sp.  Heat 

10-4 
8p.Hmt. 

True 
Eqsivaleot. 

Carbonate  of  lime     . 
Carbonate  of  iron     . 
Carbonate  of  zinc     . 
Magnesian  limestone 

0-2044 
0-1819 
0-1712 
0-2161 

50-9 
57-2 
60-7 
48-1 

50-6 
58-1 
62-4 
46-7 
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For  certain  sulphates  the  number  is  IS'4.     Thus : — 


Sabtuncet. 

Sp.  Heat 

12-4 
Sp.  Hett. 

Equivalent 

Sulphate  of  barytes  . 
Sulphate  of  strontia . 
Sulphate  of  lime  .    . 

0-1068 
0-1300 
01854 

116-1 
95-4 
66-8 

116-1 
91-9 
68-6 

For  a  number  of  metallic  oxides,  the  constant  appears  to 
be  5-4.    Thus :— 


Subttances. 

Sp.  Heat 

5-4 

Equirtleat 

8p.  Heat 

Magnesia    .... 
Red  oxide  of  mercury 
Oxide  of  zinc  .    .    . 
Oxide  of  copper  .    . 

0-276 
0-049 
0-132 
0-137 

19-6 

110-2 

40-9 

89-4 

20-7 

109-4 

40-3 

39-6 

The  relation  between  the  specific  heats  of  bodies,  and 
their  chemical  equivalents,  is  thus  remarkably  shown  to  ex- 
tend not  merely  to  the  simple  substances,  but  even  to  saline 
bodies,  and  indicates  a  connexion  between  the  chemical 
equivalents  and  the  molecules  upon  which  the  heat  exerts 
its  action,  of  an  intimate  description.  In  fact,  the  spedfic 
heat  of  a  certain  weight  of  any  body  is  thus  shown  to  be  pro- 
portional to  tfte  number  of  chemically  equivalent  masses  con- 
tained in  that  weight;  and  the  constant  numbers,  which  were 
divided  by  the  specific  heats,  are  the  specific  heats  of  the 
ultimate  chemically  equivalent  particles.  Thus,  the  specific 
heat  of  the  chemical  molecules  of  zinc,  of  lead,  and  tin,  is 
S'l;  that  of  the  oxides  of  zinc,  of  copper,  and  of  mercury, 
5*4;  the  specific  heat  of  the  chemical  atom  or  ultimate  parti- 
cle of  carbonate  of  lime,  or  of  zinc,  10*4;  and  that  of  the 
sulphates  of  barytes,  strontia,  and  lime,  12-4.  Attempts 
liave  been  made  to  connect  these  constants  together,  but 
without  good  foundation ;  for  5*4  and  12-4,  although  nearly  the 
double  and  quadruple  of  3-1,  are  yet  too  far  removed  to  show 
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any  necessary  catinexion,  and  104  is  completely  out  of  the 
series  of  31,  though  nearly  the  double  of  54. 

I  shall  have  occasion  to  dbcuss  this  remarkable  relation 
between  the  physical  and  chemical  characters  of  these  bodies, 
when  I  come  to  examine  the  subject  of  the  laws  of  chemical 
combination  in  their  full  extent  For  the  present,  the  details 
DOW  given  are  sufficient. 

It  IS  not  likely  that  any  law,  connecting  the  specific  heats 
of  different  bodies,  can  be  obtained  perfectly  consistent,  for 
the  yaiious  bodies  necessary  cannot  be  examined  exactly  in 
the  same  state.  Regnault  has  well  obseryed,  that  the  quan- 
tity of  heat  which  we  measure  as  specific  heat,  consists  of 
several  diflferent  portions  :  Ist,  the  true  specific  heat ;  2nd, 
the  heat  which  produces  dilatation ;  Srd,  the  heat  which 
causes  the  rise  of  temperature ;  and,  4th,  when  a  solid  is  near 
its  fusing  point,  the  quantity  employed  in  giving  the  softness 
and  ductility,  which  most  bodies  at  certain  temperatures 
acquire*  These  last  three  portions  being  very  small,  do  not 
conceal  the  law  by  which  the  true  specific  beat  is  regulated ; 
but  they  influence  it  so  far,  as  to  prevent  the  law  from  being 
verified  in  its  numerical  results  with  the  accuracy  which 
otherwise  might  have  been  obtained. 

When  bodies  combine  chemically,  there  is  generally  found 
to  be  a  diminution  of  specific  heat ;  and  it  has  been  attempted 
to  account  thereby  for  the  rise  of  temperature,  by  which  com- 
bination is  in  most  cases  accompanied.  Thus,  the  specific 
heat  of  sulphuric  acid  is  0*33 ;  and  when  mixed  with  an  equal 
weight  of  water,  the  specific  heat  of  the  mixture  should  be, 
were  there  no  action,  ^~^=:  0,665;  but  the  true  specific 
heat  of  the  combined  acid  and  water  is  found  to  be  only 
0-587.  The  excess,  therefore,  0-665-0-587=0'078,  becomes 
firee,  and  shows  itself  by  raising  the  temperature  of  the  mix- 
ture ;  and  accordingly,  on  mixing  together  sulphuric  acid  and 
water,  it  is  well  known  that  a  temperature  higher  than  that 
of  boiling  water  may  be  produced.  It  was  even  supposed  at 
one  time,  when  heat  was  looked  upon  as  being  a  positive  sub- 
stance which  combined  with  bodies  in  diflferent  proportions, 
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that  the  absolute  quantity  of  heat  which  a  body  contained 
might  be  determined  by  such  an  experiment,  thus :  if  the 
rise  of  temperature  produced  by  0*078  of  heat  becoming  free 
is  expressed  by  180°  above32^,then  the  quantity  of  heat  which 
stays  behind  must  be  greater  than  that  in  the  proportion  of 
587  to  78 ;  and  hence  is  equivalent  to  ^  180  =  ISSo"" :  and 
thus,  at  the  temperature  of — 1303°  of  Fahrenheit's  scale,  a 
body  should  contain  no  heat  at  'all ;  it  should  be  the  ab- 
solute zero.  But  no  two  such  experiments,  with  di£ferent 
bodies,  ever  gave  the  same  result :  and  it  is  evident,  from  the 
fact  of  the  specific  heat  diminishing  as  the  temperature  sinks, 
that  the  term  at  which  the  two  quantities  should  vanish 
must  be  infinitely  remote,  and  that  there  is  no  such  thing  as 
an  absolute  zero  at  all.  In  fact,  the  physical  existence  of  an 
absolute  zero  is  inconsistent  with  the  more  accurate  ideas  of 
the  nature  of  heat,  which  modem  investigation  has  sug- 
gested. 

The  development  of  heat,  in  chemical  combination,  is 
also  only  in  some  cases  accompanied  by  a  diminution  of  spe- 
cific heat ;  in  at  least  as  many  it  is  on  the  contrary  remarkably 
augmented. 

The  specific  heat  of  gases  and  vapours  has  obtained  con- 
siderable attention ;  and  yet,  from  the  extreme  delicacy  of  the 
processes  necessary,  and  the  small  quantity  of  material  which 
can  be  operated  on,  the  results  hitherto  obtained  have  not 
acquired  that  degree  of  positive  accordance  which  should 
render  repetition  unnecessary.  The  principal  experimenters 
in  this  department  have  been  Delaroche  and  Berard,  Dela- 
rive  and  Marcet,  Haycraf):,  Dulong,  and,  latterly,  Apjohn 
and  Suerman. 

The  method  adopted  by  Haycraft  and  by  Delaroche  and 
Berard,  consisted  in  heating  a  quantity  of  gas  to  a  certain 
temperature,  and  then  by  passing  it  through  a  tube  in  a  vessel 
of  water,  determining  how  much  it  raised  the  temperature  of 
the  water  in  being  cooled  through  a  certain  number  of 
degrees.  In  principle,  this  mode  is  perfect;  but  the  ex- 
treme accuracy  necessary  in  the  management  of  the  appa- 
ratus does  not  appear  to  have  been  attained  by  Haycraft : 


SPECIFIC  HEATS  OF  GASES.  107 

and  Delaroche  and  Berard  deprived  their  results  of  most  of 
their  value  hy  the  oversight  of  using  the  gases  in  a  damp 
state.  The  process  of  Delarive  and  Marcet  was  not  such  as 
could  lead  to  results  worthy  of  much  confidence.  A  glass 
globe  full  of  the  gas^  to  which  was  attached  a  thermometer, 
with  the  bulb  exactly  in  the  centre,  was  plunged  into  a  vessel 
of  hot  water,  in  the  expectation  that  the  time  occupied  by 
each  gas,  in  having  its  temperature  raised  a  certain  number 
of  degrees,  would  be  proportional  to  the  specific  heat  under 
a  constant  volume.  But  the  communication  of  the  heat 
should  be  so  much  and  so  variously  affected  by  currents,  ac- 
cording to  the  density  of  the  gas,  and  the  quantity  of  heat, 
absorbed  by  the  gas,  so  trifling  in  comparison  to  that  which 
should  be  required  to  heat  the  globe,  that  the  amount  of  lia- 
bility to  error  was  very  great. 

The  process  employed  by  Dulong  was  very  beautiful  in 
principle,  and  calculated  to  give  experimental  results  of 
great  accuracy.  It  consisted  in  determining  the  velocity  of 
sound  in  each  gas,  which  was  measured  by  finding  the  note 
the  same  organ  pipe  gave  with  each :  from  this,  by  very  in- 
genious methods,  which,  however,  need  not  here  be  intro- 
duced, further  than  that  the  gases,  with  higher  specific  heats, 
give  more  acute  tones,  he  calculated  the  specific  heats.  The 
calculations  were,  however,  based  on  certain  other  principles, 
which  are  not  necessarQy  true. 

The  method  contrived  by  Apjohn  is  that  which  appears 
to  be  the  best  calculated  to  give  accurate  results,  and  those 
which  he  obtained  have  been  verified  by  the  experiments  of 
Suerman. 

Apjohn's  method  cannot  be  completely  described,  until 
we  come  to  speak  of  the  latent  heat  of  vapours  and  their  re- 
lation to  space ;  but  the  general  principle  of  it  is,  that  if  seve- 
ral gases  be  employed  to  convert  a  certain  quantity  of  water 
into  vapour,  the  gases  will  be  cooled  thereby  in  inverse  pro- 
I>ortion  to  their  specific  heats.  Thus,  if  one  gas  have  double 
the  specific  heat  of  another,  it  will  saturate  itself  with  vapour 
by  cooling  through  only  half  the  number  of  degrees  neces* 
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Bary  for  that  with  the  less  specific  beat ;  and  thus>  by  mea- 
suring simply  the  cooling  power  of  each  gas,  the  specific 
heat  may  be  calculated. 

The  numbers  obtained  by  Delaroche  and  Berard^  by  Du- 
long  and  by  Apjohn,  for  the  specific  heats  of  the  gases  in 
equal  volumes,  are  given  in  the  following  table : — 


Gawi. 

Apjohn. 

Delarocbe. 

DulODg. 

Air 

1000 

1000 

1-000 

Nitrogen  .    .    . 

1-048 

1006 

1-000 

Oiygen    .     .    . 

•808 

•976 

1-000 

Hydrogen      .     . 

1-459 

•900 

1.S00 

Carbonic  acid     . 

1-195 

1-258 

1-172 

Carbonic  oxide  . 

•996 

1034 

1-000 

Nitrous  oxide     . 

1193 

1-350 

1159 

These  numbers  show  the  diversity  which  exists  among 
even  the  best  experimenters ;  and  they  also  show  that  the 
dififerent  gases  follow  no  simple  law  regarding  their  specific 
heats.  The  principle  laid  down  by  Haycraft,  Delarive,  and 
Marcet,  that  in  equal  volumes  all  gases  have  the  same  spe- 
cific  heat,  is  thus  shown  by  the  combined  evidence  of  all  the 
best  results  to  be  totally  unfounded. 

It  is  sometimes  necessary  to  compare  the  specific  heats  of 
gases  with  that  of  water ;  this  being  I'OOO,  that  of  air  is  0*267 
for  equal  weightSy  and  so  on  for  the  other  gases  in  proportion. 

We  do  not  know  the  specific  heats  of  many  bodies  in  the 
state  of  vapour.  For  watery  vapour,  however,  it  is  found 
to  be  0-847,  water  being  1-000,  or  3- 172,  air  being  1000,  for 
equal  weights.  Water  is  thus  the  only  substance  of  which 
we  know  the  specific  heat  in  the  three  states  of  aggregation, 
that  of  ice  being  *900,  water  1*000,  and  steam  *847,  for  equal 
weights. 

When  the  volume  of  a  gas  pr  of  a  vapour  increases,  its 
specific  heat  increases  also,  and  vice  versa.  Hence,  when 
air  is  suddenly  condensed,  so  much  heat  is  evolved  that 
tinder  may  be  lighted,  and  the  barrel  of  a  condensing  syringe 
may  become  too  hot  to  hold  ;  thus,  also,  in  some  kinds  of 
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nachiDery  where  air  suddenly  expands,  so  great  a  degree  of 
cold  is  produced  that  water  may  be  frozen. 

The  exact  degree  of  connexion  between  the  amount  of 
expansion  of  the  gas,  and  the  increase,  or  of  condensation, 
and  the  diminution  of  specific  heat,  has  not  been  ascertained. 
They  are  not  proportional,  that  is  to  say,  when  the  volume 
of  a  gas  is  doubled,  its  specific  heat  is  not  doubled,  and  vice 
versa;  and  yet  it  would  appear  that  it  does  not  fall  much 
below  that  ratio. 

SECTION  III. 

OP   LIQUEFACTION. 

It  has  already  been  frequently  explained,  that  by  the  ap- 
plication of  heat  to  a  solid  body  it  commences,  when  its  tem- 
perature has  risen  to  a  certain  degree,  to  become  liquid,  and 
that  this  point,  the  melting  point  of  such  solid  body,  is  one 
of  the  most  determinate  and  characteristic  of  its  physical 
properties.  Accordingly,  the  melting  point  is  often  used  as 
a  means  of  distinguishing  and  recognizing  substances  other-* 
wise  very  «milar  in  properties,  as,  for  example,  the  nume* 
roas  fEitty  acids  can  scarcely  be  otherwise  distinguished  from 
each  other,  exclusive  of  analysis,  than  by  the  temperatures 
at  which  they  mek.  There  has  been  already  given  a  Ust  of 
the  melting  points  of  a  number  of  solid  bodies,  and,  in  the 
history  of  each  individual  substance,  its  fusibility  will  be 
described. 

The  change  from  (he  solid  to  the  liquid  state  is  accom« 
panied,  however,  by  a  phenomenon  differing  from  any  yet 
described,  and  deserving  of  great  attention  from  the  im-^ 
portant  consequences  which  flow  from  it.  It  is,  that  at  the 
moment  of  liquefaction  a  very  large  quantity  of  heat  is  ab* 
sorbed,  combining,  as  it  were,  with  the  soHd  to  form  the 
liquid  body,  and  after  combination  being  insensible  to  the 
thermometer,  and  having  thence  obtained  the  name  of  latent, 
heaim  A  pound  of  water  at  32^  and  a  pound  of  ice  at  S2^ 
give  on  the  thermometer  precisely  the  same  degree ;  and  yetj. 
independent  of  all  considerations  of  specific  heat  discussed 
in  the  last  section,  and  which  we  now  lay  aside,  the  water 
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contains j  in  a  state  of  intimate  combination^  a  great  quantity 
of  heat>  by  virtue  of  which  it  is  liquid  water^  and  by  losing 
which  it  should  be  reduced  to  the  state  of  solid  ice.  In  melt- 
ing, therefore,  every  body  renders  latent  a  quantity  of  heat. 

This  principle  may  be  demonstrated  by  experiments  of  a 
very  simple  kind.  Thus,  if  a  pound  of  ice  be  taken  at  32^ ^ 
and  added  to  a  pound  of  water  at  172°,  the  ice  dissolves 
immediately,  but  the  temperature  of  the  resulting  two  pounds 
of  water  is  found  to  be  32°.  There  has  thus  disappeared  a 
quantity  of  heat,  which  had  previously  raised  the  tempera- 
ture of  the  water,  to  172°  or  through  140°.  This  heat  has 
been  absorbed  by  the  ice  in  becoming  liquid,  and  rendered 
latent ;  and  it  is  therefore  said  that  the  latent  heat  of  liquid 
water  is  140°.  If  a  vessel  of  water,  at  the  temperature  of  52^, 
be  exposed  freely  to  air  below  the  freezing  point,  it  will  rapidly 
cool,  until  it  arrives  at  32^^  but  there  the  lowering  of  the 
temperature  ceases ;  it  begins  to  freeze,  and,  until  the  entire 
mass  is  reduced  to  solid  ice,  no  loss  of  heat,  sensible  to  the 
thermometer,  is  observed:  yet  it  must  still  be  giving  out 
heat,  precisely  as  it  was  when  it  cooled  from  52°  to  32°,  this 
heat  being,  however,  that  which  gave  to  it  the  form  of  liquid 
water,  and  which  had  been  perfectly  insensible,  or  latent, 
until  the  formation  of  ice  commenced.  If  the  water  had 
taken  ten  minutes  to  cool  from  52°  to  82^,  it  will  be  found 
to  require  one  hour  and  ten  minutes  to  become  completely 
frozen ;  and  hence,  as  in  the  same  time  it  loses  the  same 
quantity  of  heat,  the  external  air  remaining  equally  cold,  the 
latent  heat  is  20°  X  7  =  140°  as  in  the  former  experiment. 
Another  mode  of  verifying  the  result  consists  in  exposing 
a  pound  of  ice  at  32°,  and  a  pound  of  water  at  the  same 
temperature,  to  the  same  source  of  heat,  as  on  a  steady  fire, 
and  it  will  be  found,  that,  by  the  time  that  the  ice  has  com- 
pletely melted,  the  temperature  of  the  water  will  have  risen 
to  172°. 

Water  is,  of  all  liquids,  that  which  contains  the  greatest 
quantity  of  latent  heat,  and  hence,  that  which  changes  from 
the  liquid  to  the  solid  state  most  slowly,  and  inversely,  ice,  is 
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the  solid  which  absorbs  most  heat,  and  requires  most  time  to 
liquefy.  This  property  of  water  is  of  the  highest  importance 
in  the  economy  of  nature,  for,  by  means  of  it,  the  change  of 
seasons  is  rendered  much  less  sudden  than  could  otherwise 
occur.  If  water  passed  from  32°  to  31°,  and  became  solid, 
by  losing  only  the  same  quantity  of  heat  as  it  gives  out  in 
cooling  from  33°  to  32°,  the  change  of  seasons  should 
be  so  rapid  and  so  uncertain  as  to  interrupt  almost  en- 
tirely the  proper  cultivation  of  the  soil,  and,  by  the  vicis- 
situdes of  heat  and  cold,  become  injurious  to  the  health. 
But  as  these  properties  of  water  are  now  arranged,  each 
particle,  in  freezing,  becomes  a  source  of  warmth  to  all 
around,  and  mitigates  the  severity  of  the  cold  ;  there  can 
be  but  a  comparatively  small  quantity  of  water  rendered 
solid ;  and  when,  on  the  return  of  a  warmer  season,  a  sudden 
liquefaction  might  prove  equally  injurious,  the  ice  and  snow, 
in  melting,  absorb  all  excess  of  heat,  and  render  the  change 
gradual,  and  suitable  to  the  functions  of  those  plants  and 
animals  to  which  a  sudden  transition  might  prove  fatal. 

We  do  not  know  the  latent  heat  of  many  liquid  bodies, 
but  those  given  in  the  following  table  will  suffice  to  show  the 
remarkable  preeminence  of  water  in  that  respect.  The 
numbers  are  given  in  two  columns — the  first  showing  the  in« 
terval  through  which  the  body  itself,  in  its  liquid  form,  would 
be  heated  by  the  heat  it  absorbs  in  melting ;  and  the  second 
showing  the  interval  through  which  that  heat  would  elevate 
the  temperature  of  an  equal  weight  of  water.    Thus : 

Latent  Heat  of  Measured  by  itself.  Measured  by  Water. 

Water, 140 140 

Sulphur 144 2714 

Lead, 370 11-0 

Zmc,       4S3 4«.3 

Bismuth,      ....     550 23-25 

In  every  case  a  solid  body  begins  to  melt  at  the  same  tem- 
perature. Thus,  ice  never  begins  to  melt  until  it  arrives  at 
32^,  and  can  never  be  raised  above  32^  without  melting ;  con- 
sequently, the  fixed  point  is  the  melting  point  of  ice,  and  not 
the  fireezing  point  of  water;  for  if  water  be  cooled  carefully 
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without  ag^tation^  its  tempierature  may  be  lowered  easily  to« 
25^,  and  has  been  reduced  to  15^  without  solidifying.  This 
is  a  phenomenon  like  that  which  has  been  (page  27)  noticed 
in  the  crystallization  of  sulphate  of  soda,  where  the  solution 
may  remain  perfectly  liquid  until  agitated,  and  then  suddenly 
crystallizes  with  the  evolution  of  considerable  heat.  If  water, 
so  cooled  below  32^,  be  agitated,  it  freezes  suddenly,  and 
the  temperature  rises  to  82^  ;  the  latent  heat,  of  that  por- 
tion which  freezes,  becoming  sensible,  and  thus  warming  the 
entire  mass. 

Substances  which  crystallize  easily  generally  expand  in 
solidifying,  and  in  doing  so  exert  great  force.  Thus,  water 
is  capable  of  burstii^  the  strongest  vessels,  if  they  be  filled 
completely  with  it,  and  tightly  closed,  so  as  to  prevent  expansion 
otherwise.  It  is  by  the  agency  of  this  force  that  the  gradual 
deterioration  of  the  surface  of  rocks,  and  the  formation  of  the 
soil  on  the  lower  grounds*  depends  ;  the  rain  water  being 
absorbed  into  the  pores  and  small  cavities,  which  even  the 
hardest  rocks  contain,  and  being  there,  in  winter,  fmzen, 
breaks  open  the  substance  of  the  rock,  and  causes  it  gradu- 
ally to  fall  to  powder ;  thus  generating  the  soft  and  porous 
soil  fitted  for  the  reception  and  sustenance  of  the  seeds  and 
roots  of  plants.  It  is  also  by  the  action  of  this  foree  of  ex- 
pansion, exerted  by  many  bodies  when  they  crystallize,  that 
we  are  enabled  to  take  accurate  copies  of  the  moulds  into 
which  such  substances,  in  the  liquid  state,  are  poured.  Cast 
iron,  antimony,  and  the  alloy  of  antimony  used  for  printers* 
types,  the  alloy  used  for  stereotype  plates,  brass,  bronze, 
and  all  such  bodies,  are  capable  of  making  good  castings  by 
virtue  of  this  expanding  power;  whilst  bodies,  which  do  not 
distinctly  crystallize,  as  gold,  silver,  and  copper,  are  not  ca- 
pable of  giving  accurate  castings,  and  hence  the  coinage  of 
these  metals  is  made  by  stamping  the  necessary  marks  upon 
them  by  means  of  a  violent  blow. 

By  the  addition  of  small  quantities  of  salts,  or  vegetable 
acids,  the  freezing  point  of  water  may  be  considerably  low- 
ered :  thus,  sea-water  does  not  easily  freeze.  When  such  a 
solution  is  brought  to  solidify,  it  is  pure  ice  which  first  crys- 
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taDises oat.  Thus^fromaBtrongsolutionof potash^icehasbeen 
obtuned  in  large  six-sided  prisms;  and  the  ice  mountains 
which  form  in  the  Polar  seas  are  found  to  be  almost  completely 
fresh.  This  principle  has  been  applied  also  to  the  concentra- 
tion of  yinegar  and  lemon  juice^  by  freezing,  a  large  quantity 
of  mere  ice  being  fonned  round  the  sides  of  the  yessel,  and 
a  central  cavity  remaining  filled  with  concentrated  acid. 

The  principle  of  latent  heat  has  been  applied  to  the  pro- 
duction of  artificial  cold.  For  if  a  solid  body  suddenly  lique- 
fies, without  the  application  of  external  heat,  it  must  abstract, 
from  the  surrounding  bodies,  the  heat  necessary  to  its  lique- 
faction, and  thus  reduce  their  temperature  and  its  own. 
Hence,  when  salts  are  dissolved  in  water,  without  any  chemi- 
cal combination,  there  is  cold  produced.  Thus,  by  mixing 
nitrate  of  ammonia  with  an  equal  weight  of  water,  the  ther- 
mometer sinks  46^  degrees ;  and  carbonate  and  sulphate  of 
soda^  dissolved  in  three  times  their  weight  of  water,  reduce 
the  temperature,  the  first  16^  and  the  second  12^. 

In  many  cases  where,  by  double  decomposition,  those 
soluble  substances  may  be  formed,  more  powerful  efiects  are 
produced  by  mixing  two  salts  together  than  by  either  sepa- 
rately. Thus  neither  nitre  nor  salammoniac  produce  much 
cold,  but,  when  mixed,  they  generate  nitrate  of  ammonia, 
whicb  is  very  powerfiil,  and  hence  cause  a  reduction  of  40^. 
In  other  cases  the  cold  results  from  a  quantity  of  water  of 
crystallization  being  set  firee  and  suddenly  liquefying.  Thus 
when  crystallized  sulphate  of  soda  is  dissolved  in  muriatic 
acid,  there  are  formed  bi-sulphate  of  soda  and  chloride  of 
sodium,  with  which  but  |-  of  the  quantity  of  water  remains ; 
and  the  remaining  |-  being  disengaged,  and  abstracting  from 
the  surrounding  bodies  the  heat  necessary  for  their  liquefac- 
tion, depress  the  temperature  through  50^. 

By  using  snow  or  pounded  ice,  freezing  mixtures  of  still 
greater  power  may  be  produced.  The  cold  is  the  greatest 
when  a  substance  is  employed  which  contains  itself  a  large 
quantity  of  water  in  a  combined  form.  Thus  crystallized 
chloride  of  calcium  contains  half  its  weight  of  water,  and, 
when  mixed  with  an  equal  weight  of  snow,  the  whole  be- 
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comes  liquid,  and  the  quantity  of  heat  absorbed  is  propor> 
tionally  large.  By  combining  such  freezing  mixtures  intense 
degrees  of  cold  have  been  produced;  Mr.  Walker,  to  wbona 
the  invention  of  most  of  them  is  due,  having  obtained  a 
depression  of  temperature  to  —  91**  of  Fahrenheit. 

The  following  table  contains  the  proportions  for  some 
of  the  most  useful  freezing  mixtures,  and  the  degree  of  cold 
which  can  be  obtained  by  means  of  them.  It  is  to  be  re- 
marked, that  in  using  freezing  mixtures  a  great  deal  of  the 
success  depends  on  the  rapidity  with  which  the  liquefaction 
is  produced,  and  that  the  thinnest  possible  vessels,  and  a 
tolerably  large  quantity  of  materials  should  be  used.  For 
producing  a  great  degree  of  cold  it  is  also  necessary  to  cool 
the  materials  previously  as  much  as  possible ;  thus  to  pro- 
duce the  intense  cold  of — 9P,  Mr.  Walker  had  cooled  the 
substances  to  be  mixed  dovm  to — 68^,  by  means  of  other 
freezing  mixtures. 

FRIGORIFIC  MIXTURES  WITHOUT  ICE. 


Miiturea. 

Parte. 

Thermometer  sinks 

Degree  of  Cold. 

Nitrate  of  ammonia,      . 
Water,       

1 
1 

J  from  +  50«to4-4« 

46» 

Muriate  of  ammonia,    . 
Nitrate  of  potash,     .     . 
Water 

5 

5 

16 

>from-i-50oto-f  10® 

40O 

Sulphate  of  soda,      .    . 
DUuted  nitric  acid,  .     . 

3 
2 

\  from  +  SO^to  — 8« 

53^ 

Sulphate  of  soda,      .    . 
Muriate  of  ammonia,     . 
Nitrate  of  potash,     .     . 
Diluted  nitrio  acid,  .    . 

6 

4 
2 

4 

>from4-50»to  — ia*» 

€0« 

Sulphate  of  soda,      .    . 
Nitrate  of  ammonia. 
Diluted  nitric  add,  .    . 

6 
5 

4 

>    from  5a*»to  — U<» 

64« 

Sulphate  of  soda,      .    . 
Muriatic  acid,      .    .     . 

8 
5 

■     from-|-50«to0» 

50^ 

Phosphate  of  soda,    .    . 
Nitrate  of  ammonia,      . 
Dilute  nitric  acid,     .    . 

5 
8 

4 

V    from  0«  to— 840 

34* 

FRIGORIFIC  MIXTURES. 
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Mixtures. 


Parti. 


Thermometer  sinks 


Degree  of  Cold. 


Snow  or  pounded  ice, 
Common  salt,      .    . 


Snow  or  pounded  ice. 
Common  salt,  •  . 
Salammoniac, .     .     . 


Snow  or  pounded  ioe, 
Common  sid^  .  . 
Salammoniac,  .  .  . 
Nitrate  of  potash. 


Snow  or  pounded  ice, 
Common  salt,  .  . 
Nitrate  of  ammonia, 


24 

10 

5 

5 


12 
5 
5 


to— 5* 


to  — 12« 


to  — 18« 


to  — 25« 


Snow,     .... 
Dilute  nitric  add. 


|Cfrom-|-S2«to— 8e« 


60« 


Snow, 

Crystal,  mnriate  of  time,; 


I   from -I- 320  to  —  50<> 


820 


Snow, 
Potash, 


J  from-)-33«to— 51® 


83» 


Snow 

Diluted  nitric  acid. 


\  from  0«  to  — 46* 


4«» 


Snow 

CrystaL  mnriate  of  Ihne, 


>  from  0*  to  - 


-66» 


66* 


Snow, 

Dilute  sulphuric  add. 


8 
10 


j-  from  — 66®  to  — 


910 


25» 


In  the  ordinary  experiment  of  freezing  mercury  by  a 
mixture  of  snow  and  crystallized  chloride  of  calcium,  8uc<i 
cess  is  seldom  obtained  unless  by  having  two  portions  of  the 
mixture,  and  either  cooling  the  materials  for  the  second  by 
means  of  the  first,  or  plunging  the  tube  of  mercury,  when  it 
has  exhausted  the  cooling  powers  of  the  first,  into  the  se- 
cond and  freshly  mixed  portion  of  materials. 

There  are  many  cases  in  which  heat  is  evolved  from 
solid  bodies,  without  our  being  able  positively  to  ascertain 
its  source,  and  where  consequently  it  may  be  considered  as 
having  previously  been  latent*    Thus  by  the  friction  of  two 
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different  bodies  together,  as  when  the  axle  of  a  carriage 
becomes  hot,  or  when,  as  among  savage  nations,  fire  is  ob- 
tained by  rubbing  two  pieces  of  wood  together.  But  it  is 
rather  a  misuse  of  words  to  say  that  the  heat  evolved  had 
previously  been  latent,  for  the  latent  heat  of  a  body  should 
properly  be  considered  as  that  by  which  the  fluid  condition 
is  conferred  upon  it,  and  hence  a  solid  body  cannot  be  said 
to  have  such  latent  heat  at  all.  It  is  most  likely  that  as 
a  diminution  of  specific  heat  accompanies  the  increase  of 
density  which  occurs  when  oil  of  vitriol  and  water  are  mixed 
together,  so  where,  by  compression,  the  density  of  a  solid 
body  is  increased,  its  specific  heat  may  be  diminished,  and 
hence  sensible  heat  evolved.  Although  our  knowledge  of 
this  subject  is  not  at  all  as  satisfactory  as  its  importance 
merits,  it  has  been  ascertained  that  when  iron  is  violently 
compressed,  as  in  boring  cannon,  or  by  repeated  hammering, 
its  specific  heat  becomes  much  kss,  and  the  heat  evolved  is 
so  considerable,  that  the  metal  may  easily  be  made  red  hot. 
It  would  be  well  to  distinguish  between  heat,  certunly  before 
latent,  which  may  thus  be  rendered  sensible,  and  the  true 
latent  heat  which  is  absorbed  during  liquefaction,  and  which 
can  be  only  given  out  again  by  the  reassiunption  of  the  solid 
form,  and  this  might  be  done,  perhaps,  and  its  connexion 
with  specific  heat  made  evident,  by  adopting  the  word  tpe^ 
eial  heat^  or  heat  peculiar  to  the  body.  Thus  liquids  and 
vapours  only  can  contain  latent  heat ;  but  every  body  con- 
tains a  quantity  of  special  heaiy  equally  insensible  to  the 
thermometer,  but  becoming  manifest  when  the  specific  heat 
is  diminished.  The  special  heat  is  thus  the  heat  which  gives 
to  the  body  the  temperature  which  it  possesses,  and  the 
quantity  of  special  heat  necessary  to  produce  a  rise  of  tem- 
perature measures  the  specific  heat. 

Many  bodies  undergo,  before  UquefBiction,  remarkable 
changes  in  their  molecular  constitution :  thus,  iron,  wax,  and 
glass  become  soft  and  pasty,  so  that  different  pieces  may  be 
perfectly  united  into  one ;  and  it  is,  indeed,  on  this  property 
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that  the  most  usefiil  applications  of  glass  and  iron  in  ordinary 
life,  depend.  This  has  been  referred  to  a  certain  quantity  of 
latent  heat  having  already  entered  into  the  body,  and  giving 
an  intermediate  condition,  that  of  semifluidity.  There  is 
no  proof  either  for  or  against  this  view,  as  no  exact  experi- 
ments have  been  made  upon  such  bodies.  In  other  cases, 
where  semifluidity  is  produced,  as  in  lard,  tallow,  &c.,  it  is 
plainly  seen  to  arise  from  the  substance  being  a  mixture  of  two 
bodies,  of  which  one  melts  easily,  and,  being  then  liquid, 
forms  with  the  other,  which  remains  still  solid,  a  kind  of 
pulp,  which  gradually  becomes  less  thick,  according  as  the 
temperature  rises,  until  all  is  liquefied. 

SECTION  IV. 

OF   VAPORIZATION. 

By  the  application  of  a  higher  temperature  than  that 
which  was  necessary  for  liquefaction,  the  generality  of  fusible 
bodies  are  capable  of  being  converted  into  vapour*  In  this 
form  they  resemble,  in  molecular  constitution,  the  most  per- 
manent of  the  gases,  and  are  subjected  to  precisely  the  same 
laws  of  change  of  volume,  for  any  alteration  of  temperature 
or  pressure,  as  atmospheric  air,  as  long  as  the  elastic  form  is 
preserved.  This  passage  from  the  soUd,  or  liquid,  to  the 
gaseous  state  of  aggregation,  may  occur  either  slowly  and 
silently,  or  with  riolence  and  rapidity ;  the  body  may  either 
evaporate  or  boil.  The  evaporation  may  go  on  at  any  tem- 
perature, even  at  the  lowest;  but  boiling  commences  only  at  a 
certain  temperature,  which  depends  on  the  nature  of  the  body, 
and  upon  the  pressure  to  which  it  is  subjected.  Each  of 
these  modes  of  generating  vapour  will  require  to  be  specially 
examined;  but  it  is  necessary  to  attend,  in  the  first  place,  to 
the  phenomenon  which  accompanies  and  may  be  supposed 
to  produce  the  change  of  form,  the  absorption  of  the  heat  of 
vaporisation ;  for  precisely  as  a  soUd  absorbs  heat  in  be- 
coming liquid,  so  does  a  liquid  in  assuming  the  vaporous 
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condition^  render  heat  latent,  and  even  in  Btill  greater  quan- 
tity. 

If  we  place  upon  a  steady  fire,  or  over  a  lamp,  a  cup  of 
water,  we  will  observe  that  its  temperature  rises  until  it 
begins  to  boil,  but  then  remains  perfectly  stationary  until 
the  last  drop  of  the  water  shall  have  bclen  boiled  away.  If 
we  remark  the  time,  we  shall  find  it  to  be  in  the  following 
proportion.  Let  us  suppose  the  temperature  of  the  water  to 
have  been  originally  62%  and  that  at  the  end  of  six  minutes 
it  began  to  boil,  having  attained  the  temperature  of  SIS^.  In 
each  minute,  therefore,  there  entered  into  the  water  a  quan- 

tity  of  heat  sufiicient  to  raise  its  temperature  — ^ =25**. 

Now,  the  source  of  heat  remaining  perfectly  steady,  it  will  be 
found  necessary  to  apply  it  during  40  minutes  to  boil  away 
all  the  water;  and,  as  in  each  minute  there  enters  heat  enough 
to  raise  the  temperature  of  the  same  weight  of  water  25^, 
the  total  quantity  of  heat  absorbed  by  the  water,  in  being 
converted  into  steam,  would  have  raised  its  temperature, 
had  it  remained  liquid  S5  X  40  =  1000^,  or  just  to  redness. 
And  yet  this  becomes  perfectly  latent,  the  temperature  of  the 
vapour  formed,  that  is,  of  the  steam,  being  exactly  S12^, 
that  of  the  water  it  is  formed  from. 


By  the  inverse  process,  a  corresponding  observation  may 
be  made.  Thus,  water  being  boiled  in  a  vessel,  as  in  the 
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figure,  the  steam  may  be  conducted  by  a  tube  into  a  glass 
containing  a  weighed  quantity  of  cold  water,  the  temperature 
of  which  18  accurately  marked.  The  steam,  by  condensing 
in  the  cold  water,  raises  its  temperature ;  and,  when  a  suffi- 
cient rise  has  been  produced,  the  steam  may  be  shut  off,  and 
the  glass  with  the  warm  water  weighed  again.  It  is  found 
to  be  heoyier  than  before,,  from  the  quantity  of  water  added 
to  it  by  the  condensation  of  the  steam ;  and  the  quantity  of 
heat  given  out  by  the  steam,  in  so  condensing,  may  easily 
be  calculated.  Thus :  let  us  suppose  that  there  were  eight 
ounces  of  water,  at  60^,  originally  used,  and  that,  at  the  ter- 
mination of  the  experiment,  there  were  nine  ounces  at  the 
temperature  of  ISS^.  It  is  then  evident  that  one  ounce  of 
steam,  in  condensing,  had  raised  the  temperature  of  the  eight 
ounces  128^.  The  temperature  of  one  ounce  might  have 
been,  therefore,  raised  128  X  8=  1024'' :  but  this  was  not  all 
latent  heat,  for  the  steam,  by  merely  condensing,  should  have 
formed  liquid  water  at  212^,  whereas  it  cooled  to  188^  The 
difference,  =:  24^,  must  be  subtracted  from  the  1024^ ;  and 
thus  the  latent  heat  of  steam  determined  to  be  1000^,  as  it 
had  been  found  by  the  previous  process. 

The  great  quantity  of  heat  thus  contained  in  an  insensi- 
ble form  in  steam  is  very  generally  made  use  of  for  warming 
apartments,  and  for  chemical  operations,  in  which  exposure 
to  the  direct  action  of  a  fire,  or  even  to  a  sand  bath,  might 
be  injurious.  By  means  of  a  series  of  pipes,  steam  from  a 
boiler,  placed  at  a  distance,  is  brought  to  circulate  through 
every  part  of  the  most  extensive  buildings,  and  condensiifg 
gradually,  as  it  passes  along  the  cooling  surfaces,  the  liquid 
water  is  conducted  back  again  to  the  boiler,  there  to  be 
reconverted  into  steam.  In  large  manufacturing  laborato- 
ries^ such  as  those  of  the  Apothecaries'  HaUs  of  Dublin  and 
of  London,  there  are  steam  ranges,  or  series  of  evaporating 
pans,  and  stills,  set  in  cast  iron  cases,  within  which  steam  is 
introduced,  and  thus  the  most  delicate  vegetable  prepara- 
tions, such  as  extracts  and  inspissated  juices,  prepared  at 


120  VAPORIZATION  ACCOMPANIED 

temperatures^  which,  being  completely  under  the  control  of 
the  operator,  allows  all  the  freshness  and  active  properties 
of  the  plants  to  be  perfectly  preserved. 

By  means  of  apparatus  similar  in  principle  to  that  in  the 
last  figure,  the  latent  heats  of  the  vapours  of  many  fluids  have 
been  determined.  It  has  been  found  that  the  latent  heat 
of  equal  weights  of  the  vapours  of  the  followiifg  bodies 
would  have  raised  the  temperature  of  an  equal  weight  of 
water,  in  condensing: 

Water 1000^ 

Alcohol       .    .    .    .    ' 876° 

Ether leS*" 

Oil  of  turpentine  ......  188° 

Nitric  acid 385° 

The  latent  hetfts  of  bodies,  such  as  vinegar  and  water  of 
ammonia,  which  have  no  definite  chemical  constitution,  but 
contain  mixed  water,  do  not  possess  any  value  or  impor- 
tance. 

In  changing  from  the  liquid  to  the  gaseous  state,  the 
volume  is  increased  in  a  very  great  degree ;  the  amount  of 
increase,  in  some  instances,  which  may  be  taken  as  examples, 
is  given  in  the  following  table. 


SubfUoee. 

Spe.  Gnu 

Water  = 
1000. 

Boiling 
Poinu 

Vdmne 
of  Vapour 
at  boiling 

PoinL 

Volume 
ofVapour 
at  Sliio. 

Spedfic 
Grantyof 
Vapour. 

Water     .... 
Alcohol  .... 
Ether      .... 
Oil  of  turpentine  . 
Mercury      .     .     . 

1000 

907 

715 

867 

13500 

212° 

172° 

97° 
316° 
660° 

1696 
488 
240 
221 

3395 

1696 
519 
289 
192 

1938 

620 
1601 
2583 
4763 
6969 

In  the  first  column  are  the  names  of  the  bodies ;  in  the 
second,  their  specific  gravities,  water  being  1000;  in  the 
third,  their  boiling  points ;  in  the  fourth,  the  number  of 
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volumes  of  vapour  iurnished  by  one  volume  of  each  fluid  at 
its  boiling  point ;  in  the  fifth,  the  niunber  of  volumes  of 
vapour,  reduced  to  a  standard  temperatuife,  212^,  which  one 
volume  of  fluid  may  produce;  and  in  the  sixth,  the  specific 
gravity  of  the  vapour,  air  being  1000. 

It  has  been  imagined  that  there  should  exist  some  physi- 
cal connexion  between  the  increase  of  volume  produced  by 
the  change  from  the  liquid  to  the  gaseous  state,  and  the 
quantity  of  heat  rendered  latent  during  the  change ;  and  it 
IS  in  fact  generaDy  true,  that  those  bodies  which  have  small 
latent  heat,  expand  least,  as  oil  of  turpentine  and  ether.  But, 
as  yet,  firom  the  few  experiments  that  have  been  made  upon 
latent  heats,  vrith  substances  sufficiently  pure  to  be  taken  as 
the  basis  of  calculation,  nothing  positive  can  be  considered 
to  be  known. 

The  passage  from  the  liquid  condition  to  the  state  of 
yapour  is  distinguished  from  the  change  of  a  solid  to  a  fluid, 
hy  the  important  fact,  that  whilst  liquefaction  is  definitely 
produced  at  one  temperature,  and  at  that  alone,  vaporisation 
occurs  at  all  temperatures ;  and  it  b  only  from  the  influence 
of  external  circumstances  that  the  change  is  accompanied, 
at  a  particular  tem]>erature,  by  the  phenomenon  of  boiling. 
The  coldest  water  is  capable  of  forming  vapour ;  even  ice 
evai>orates,  and  in  order  to  do  so,  it  is  not  necessary  that  it 
shall  previously  melt;  it  is  thus  that  snow  will  gradually 
disappear  firom  the  ground,  even  when  shaded  firom  the  sun's 
rays,  and  though  the  air  shall  have  continued  below  the  melt- 
ing point  Other  solid  bodies  also  evaporate  without  pre- 
vious melting,  as  camphor ;  and  arsenic  cannot  be  melted, 
for  when  heated,  it  is  converted  at  once  from  the  solid  to 
the  vaporous  condition.  The  particles  of  volatile  bodies 
appear  thus,  at  all  temperatures,  to  repel  each  other  to  a 
certain  degree,  and  to  spread  abroad,  in  the  form  of  vapour, 
until  they  occupy  completely  the  space  in  which  the  body  is 
contained,  and  exercise  a  pressure  which  is  equal  to  the  force 
of  their  mutual  repulsion,  and  which  is  termed  the  elasticity 
of  the  vapour. 
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The  amount  of  elasticity^  or,  as  it  is  often  called,  tension 
of  a  vapour,  is  determined  by  yery  simple  methods.  Thus, 
for  elasticities  below  that  of  atmospheric 
air,  a  series  of  baroiAeter  tubes  arranged 
in  a  stand,  P  Pa  a,  are  to  be  carefully  filled 
and  inverted  in  &  basin  of  mercury,  cc,  as  in 
the  figure.  One  such  tube,  dd,  is  to  be  kept 
untouched,  to  measure  the  elasticity  of  the 
external  air.  If  a  little  water  be  allowed 
to  pass  up  into  the  next  tube  and  there 
float  upon  the  surface  of  the  mercury,  it 
immediately  forms  vapour  which  spreads 
through  all  the  empty  space,  and  pressing 
against  the  upper  surface  of  the  mercu- 
rial column,  counteracts  a  portion  of  the 
pressure  of  the  external  air.  The  re- 
maining pressure  of  the  air  is  able  to  sup- 
port, therefore,  only  a  shorter  column  of 
mercury,  and  the  height  of  the  mercury 
in  the  tube  diminishes.  If  into  another  tube  some  alcohol  be 
introduced,  there  is  a  similar,  but  still  greater  depression  of 
the  mercurial  column  caused,  and  with  ether  the  height  of 
the  mercurial  column  is  still  more  diminished.  The  atmos- 
pheric pressure  in  these  cases  balances  the  shortened  column 
of  mercury  added  to  the  elasticity  of  the  vapour,  and  this 
last  is  consequently  measured  by  the  height  of  the  column  of 
mercury  which  it  is  capable  of  replacing,  that  is,  by  the  space 
through  which  the  mercury  has  been  depressed,  which  is  read 
off  by  the  rule  and  index,  rvr.  Thus,  if  the  barometer  be  at 
30  inches  and  the  temperature  80^,  the  mercury  will  stand  in 
the  tube  with  watery  vapour  at  29  inches,  in  that  with  alco- 
hol at  28*1,  and  in  that  of  ether  at  10  inches.  The  elasticities 
of  these  vapours  are,  therefore,  at  the  temperature  of  80*^. 

Vapour  of  water 1*0  inch. 

„        of  alcohol 1-9 

of  ether 200 

In  order  to  ascertain  bow  the  elasticity  of  a  vapour 
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changes  with  the  temperature  it  Is  only  necessary  to  enclose 
the  upper  part  of  the  tube  in  a  cylindrical  case,  containing 
water  or  oil  heated  to  the  necessary  degree.  As  the  heat 
increases  the  height  of  the  mercurial  column  will  diminish^ 
and  at  each  temperature  the  elasticity  is  so  determined. 
The  apparatus  may  be  modified  by  bending  the  tube  so  as 
to  immerse  the  bent  portion  containing  the  vapour  into  a 
globe  of  water  or  oil  to  which  heat  may  be  applied^  but  the 
principle  remains  the  same.  In  this  way  a  table  of  the 
elasticity  of  a  vapour  at  all  temperatures  below  their  boiling 
points,  may  be  formed,  and  as  there  will  be  frequent  reference 
hereafter  to  the  tension  of  thie  vapour  of  water,  the  following 
Table  is  introduced  for  use  and  as  example : — 


Teropentnre. 

Elasticity. 

Temperature. 

Elaitidty. 

32" 

0-200 

90° 

1-36 

40" 

0-263 

6 

100° 

1-86 

50° 

0-3T5 

1 

120° 

3.33 

i 

55" 

0-443 

S 

140° 

5-74 

1 

60° 

0-524 

"s 

160° 

9-46 

■? 

65° 

0-616 

.« 

180° 

1515 

3 

T0° 
80° 

0-721 

.5 

200° 

23-64 

.5 

1-000 

.S 

212° 

3000 

.5 

When  a  liquid,  in  such  an  apparatus,  is  heated  until  the 
vapour  formed  occupies  all  the  tube,  and  expels  the  mer- 
cury, the  elasticity  of  the  vapour  is  equal  to  that  of  the  air, 
and  the  liquid  exposed  to  the  air  should  boil ;  the  pheno- 
menon of  boiling  arising  simply  from  the  fact,  that  the  elas- 
tidty  of  the  vapour  balances  the  pressure  of  the  air,  whilst 
the  bubble  is  passing  through  the  fluid :  thus,  suppose  a 
vessel  of  water  exposed  to  the  air  at  200^,  and  a  bubble  of 
steam  to  form  in  it;  the  pressure  exercised  by  that  bubble, 
being  equal  to  its  tension,  should  be  equivalent  to  a  column 
of  23-64  inches  of  mercury,  but  the  external  pressure  being 
30  inches^  the  bubble  should  be  crushed  in  by  a  force  equal 
to  the  difference,  (6*36  inches  of  mercury,)  and,  conse- 
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quently^  dispersed.  If  the  water,  however,  be  heated  to 
212^  the  elasticity  becomes  equal  to  30  inches,  and  then 
the  external  and  internal  pressures  being  equal,  the  bubble 
rises  in  the  liquid  without  injury,  and  maintains  itself  at  the 
surface  until  its  investing  film  of  water  is  ruptured  by  other 
causes,  when  the  vapour  mixes  uniformly  with  the  air. 

It  is  the  bursting  of  the  steam  bubbles  that  are  first 
formed  in  this  manner  that  constitutes  the  simmering  of  a 
boiler  or  the  singing  of  a  kettle  on  the  fire.  The  bottom  of 
the  vessel  heats  more  strongly  the  layer  of  water  in  contact 
with  it,  so  that  the  steam  has  there  a  high  degree  of  elasticity, 
and  forms  a  multitude  of  minute  bubbles ;  when  these  sepa- 
rate firom  the  hot  metal,  they  are  immediately  burst  in  by 
the  greater  external  pressure,  and  the  mass  of  water  is  thus 

thrown  into  a  state  of  exceeding- 
ly rapid  and  uniform  vibration, 
which  fall  upon  the  ear  so  regu- 
larly, in  many  cases,  as  to  pro- 
duce a  musical  and  often  agree- 
able tone,  which  may  become 
graver  or  more  acute,  accord- 
ing as  the  bubbles  burst  more 
or  less  rapidly  after  one  ano- 
ther. 

The  elasticity  increases  very 
rapidly  with  the  temperature,  as 
is  seen  in  the  table,  where  in  ris- 
ing from  180^  to  212°,  the  elas- 
ticity is  doubled.  For  high  tem- 
peratures the  rate  of  increase  is 
still  more  rapid.  To  determine 
the  elasticity  at  temperatures 
above  the  ordinary  boiling  point, 
an  apparatus  completely  cut  off 
from  the  external  air  is  made  use 
of*    In  the  figure  there  is  a  glo- 
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bular  vessel  of  strong  metal,  into  which  is  introduced  by 
the  stopcock  a,  the  fluid  to  be  experimented  on,  as  for 
example,  water.  In  the  aperture  b,  is  fitted  a  thermometer, 
the  bulb  of  which  dips  into  the  fluid  near  the  centre  and 
shows  its  temperature.  A  quantity  of  mercury  being  in 
the  bottom  of  the  vessel,  the  tube  c  dips  under  its  sur- 
face, and  rising  to  the  necessary  height  has  attached 
to  it  the  scale  divided  into  inches  and  their  parts.  When 
the  apparatus  is  heated,  as  the  vapour  produced  can- 
not escape,  all  junctures  being  perfectly  steam-tight,  the 
temperature  rises  continuously,  in  place  of  stopping  at  the 
boiling  point,  and  the  vapour  formed  pressing  on  the  surface 
of  the  remaining  liquid,  and  by  it  on  the  mercury  under- 
neaih,  forces  the  mercury  up  the  tube  c  until  the  mercurial 
column  shall  have  attained  such  a  height  as  to  counter- 
balance by  its  weight  the  elasticity  of  the  vapour.  In  these 
cases  the  elasticity  is  generally  reckoned  by  atmospheres, 
each  atmosphere  being  equivalent  to  a  mercurial  column 
thirty  inches  high.  In  this  manner  the  vapour  of  water  has 
been  found  to  exert  a  pressure  of 


1  atmosphere 

at  212» 

16 

atmosphere  at  398° 

2 

„  260° 

20 

„  418° 

3 

„  276» 

25 

„  439° 

4 

„  294» 

30 

„  457° 

6 

„  320» 

40 

»  486° 

8 

«  342° 

50 

„  610° 

12  „  „  3740 

It  is  necessary,  in  order  to  understand  such  tables,  to  ob- 
serve that  this  great  increase  of  the  elasticity  of  steam,  as  the 
temperature  rises,  results  not  from  the  expansion  of  steam 
already  formed,  but  from  the  constant  addition  of  new 
quantities  of  steam  for  every  variation  of  temperature.  If  a 
globe  full  of  steam  at  212°,  but  containing  no  liquid  water, 
were  heated  to  294°,  it  should  tend  to  expand  precisely  as 
air  or  any  other  gas,  and  the  increase  of  elasticity  should  be 
only  from  30  to  34  inches,  or  from  1  atmosphere  to  1^ ; 


126 


RELATIONS  OF  VAPOURS 


but  if  the  globe  contain  liquid  water,  there  is  such  an  addi- 
tional quantity  of  vapour  formed  and  compressed  into  the 
same  space,  that  the  elasticity  becomes  equal  to  four  atmos- 
pheres, or  to  120  inches  of  the  mercurial  column.  Also, 
when  the  pressure  on  a  vapour  is  made  to  vary,  the  result 
deviates  from  the  rule  laid  down  in  page  20,  for  the  action 
of  pressure  upon  gases  ;  for  the  elasticity  of  a  vapour  cannot 
be  really  increased  by  any  increase  of  pressure :  it  remains 
the  same,  but  a  quantity  of  the  vapour  becomes  liquid,  and 
there  continues  in  the  state  of  vapour  only  as  much  as  oc- 
cupies with  the  same  elasticity  the  diminished  volume  which 
the  column  of  mercury  leaves.  Thus,  if  we  consider  the 
bent  tube  a  i,  of  which  the  extre- 
mity at  a  is  closed,  and  the  leg  n,  oc- 
cupied from  the  dotted  line  c  d,hy' 
vapour  of  ether,  at  its  boiling  point, 
and  balancing  in  the  leg  b  a  column 
of  mercury  thirty  inches  high.  If 
now,  without  allowing  the  tempera- 
ture to  change,  mercury  be  poured 
in  at  the  orifice  of  6,  until  it  shall 
rise  in  a  up  to  the  line  f  gj  and 
occupy  exactly  one-half  of  that  leg, 
the  vapour  will  not  be  compressed 
into  half  its  volume,  and,  acquiring  a 
double  elasticity,  support  60  inches 
of  mercury  as  a  gas  should  do,  but  one-half  of  the  ether  will 
assume  the  liquid  form,  and  the  remainder,  occupying  the 
remaining  half  of  the  original  volume,  will  balance  30  inches 
of  mercury  precisely  as  it  did  before,  and  the  pressing 
column,  counting  from  the  line  fg,  will  terminate  at  h. 

If,  however,  in  place  of  attempting  to  increase  the  pres- 
sure on  a  vapour,  we  diminish  it,  then  the  vapour  preserves 
its  elastic  form,  and  its  elasticity  diminishes  in  all  respects 
as  if  it  were  a  gas. 

The  specific  gravity  of  a  vapour,  formed  at  any  certain 
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temperature,  should  be  proportional  simply  to  the  elaBticity, 
if  the  volume  were  not  altered  by  the  change  of  temperature, 
and  it  should  be  inversely  as  the  volume,  if  it  could  all 
renudn  uncondensed;  but  in  reality,  the  relation  is  more 
complex,  and  may  be  calculated  upon  the  following  prin- 
(dples«  Thus,  if  we  wish  to  know  the  specific  gravity  of 
vapour  of  water  having  an  elasticity  expressed  by  7*42 
inches  of  mercury,  and  the  temperature  150^,  we  proceed 
as  follows  :  the  specific  gravity  of  steam  at  SO  inches  and 
212?  is  6£0*3 ;  and  hence  if  the  volume  did  not  change, 
the  specific  gravity  of  the  vapour  at  150°,  should  be 
^20-2x^^=153-39,  but  in-cooling  from  212°  to  150°,  the 
portion  of  steam  which  retains  its  elastic  form  is  compressed 
within  a  smaller  volume,  and  hence  has  its  specific  gravity 
increased  in  proportion  to  the  change,  and,  therefore,  the 
153-39  obtained  above  must  be  increased  in  the  proportion 
of  the  volume  at  150°  to  the  volume  at  21 2°,  or  as  611 :  673, 
and  thus  becomes  169*24.  llie  subjoined  table  contains 
specific  gravities  for  some  temperatures  calculated  in  that 
way,  and  accompanied  by  the  temperatures,  the  elasticities, 
and  the  weight  in  grains  of  100  cubic  inches  of  the  vapour. 


TeinperfttiiK. 

EUiticity  in 
Inches  of  Mer- 
cury. 

Speci6c  GraTity. 
Air  =1000. 

Weight  of  100 
cubic  Inches. 

32? 

60° 
100° 
150P 
212° 

0-200 
0-375 
0-524 
1-860 
7-420 
30-000 

5-68 

1017 

14-06 

46-36 

169-24 

620-20 

0-1361 
0-2474 
0-3387 
1-1028 
4-0543 
14-9600 

There  is  some  reason  to  suspect,  however,  that  vapours 
do  not  follow  exactly  the  theoretic  rules,  upon  which  such 
tables  are  constructed,  and  which  in  reality  apply  only  to 
gaseous  bodies.  Thus,  Despretz  has  found  the  specific  gra- 
vity of  the  vapour  of  water  to  be  at  67°  7*72,  whilst  by  this 
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calculation  it  should  be  17*26,  air  at  312^  being  1000;  hia 
results  cannot  be  considered  as  decisive,  although  they  show 
the  necessity  for  an  accurate  reexamination  of  the  subject. 
At  very  high  temperatures,  the  elasticity  does  certainly  not 
increase  with  the  specific  gravity,  when  the  volume  remains 
constant.  Ether  is  found  to  become  gaseous,  and  to  occupy 
only  twice  the  volume  it  had  when  liquid,  at  the  temperature 
of  320^,  and  its  elasticity  in  that  state  equals  38  atmospheres, 
whereas,  by  calculation,  its  elastic  force  should  be  168  at- 
mospheres. Alcohol,  inclosed  in  tubes  hermetically  sealed, 
is  totally  converted  into  vapour,  occupying  only  three  times 
the  volume  of  the  liquid  at  40i^,*and  then  exerts  a  pressure 
only  of  129  atmospheres,  whilst  by  theory  the  pressure 
should  equal  221.  Water,  also,  was  obtained  by  Cagniard 
de  la  Tour,  gaseous  in  four  times  its  liquid  volume,  at  773% 
and  should  then  by  theory  have  an  elasticity  of  780  atmos- 
pheres, a  force  far  above  what  the  glass  tube  employed 
could  possibly  have  resbted.  It  would  appear,  therefore, 
that  vapours,  so  far  as  the  relation  between  their  specific 
gravity  and  their  elasticity  is  concerned,  do  not  follow  ex- 
actly the  same  law  as  gases,  except  within  certain  limits,  but 
that  when  the  elasticity  is  much  smaller  or  much  greater  than 
the  atmospheric  pressure,  variations  which  are  very  remark- 
able, though  as  yet  not  well  understood,  present  them- 
selves. 

When  a  vapour,  as,  for  example,  steam,  which  has  been 
generated  in  close  vessels,  and  attained  a  great  elasticity,  is 
suddenly  allowed  to  escape  into  the  air,  its  temperature  is 
reduced  in  a  remarkable  degree,  ef^n  independent  of  con- 
densation.  If  the  steam  had  been  formed  under  a  pressure 
of  four  atmospheres,  its  volume  is  but  one-fourth  of  what  it 
should  become  when  free,  and  hence,  on  escaping,  it  ex- 
pands in  that  proportion ;  under  that  pressure  its  temper- 
ature had  been  294%  but  by  the  increase  of  latent  heat  it 
falls  immediately  to  212^;  there,  however,  the  expansion 
does  not  stop ;  the  impulse  of  the  particles  of  vapour  carries 
them  much  further,  and  as  the  specific  heat  increases,  so  as 
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nearly  to  be  doubled  when  the  volume  hecomes  doubled^  a 
considerable  reduction  of  the  temperature  below  212^  occurs^ 
which  is  still  further  increased  by  admixture  of  cold  air 
which  presses  into  the  rarefied  space  left  by  the  expansion 
of  the  steam*  Hence  it  is  that  steam  escaping  into  the  air 
from  under  considerable  pressure  possesses  much  less  heating 
power  than  steam  arising  from  wat^  boiling  in  an  open 
▼essel:  it  is  much  less  liable  to  scald. 

The  principle  of  the  conversion  of  a  solid  or  liquid  body 
into  a  vapour,  at  all  ordinary  temperatures,  is  true,  even  where 
the  body  may  be  very  little  volatile.  Thus  the  space  over  the 
mercury  in  the  best  barometers  is  not  truly  empty , but  contains 
a  quantity  of  mercurial  vapour,  exercising  a  certain  elasticity, 
and,  by  depressing  the  liquid  column,  making  the  pressure 
of  the  external  air  appear  smaller  than  it  really  is.  It  would 
appear,  however,  that  there  are>  for  some  bodies  at  least, 
temperatures  below  which  evaporation  does  not  go  on;  thus 
no  mercurial  vapour  can  be  detected  unless  the  temperature 
be  above  40^,  and  oil  of  vitriol  requires  to  be  heated  to  120^ 
before  any  vapour  forms  from  it:  it  is  probable,  however, 
that  even  in  these  cases,  the  general  principle  holds  good, 
and  that  it  is  only  from  the  minute  quantity  of  vapour  eluding 
our  means  of  research  that  the  exbtence  of  a  limit  to  eva- 
poration was  believed. 

The  boiling  point  of  a  liquid  being  that  at  which  its  va- 
pour can  support  the  external  pressure,  it  is  liable  to  con- 
stant fluctuation  as  the  pressure  changes,  and  hence  the  fix- 
ing of  the  temperature  of  boiling  water  upon  the  thermo- 
meter/equires  the  care  and  attention  already  noticed.  If  the 
barometer  stood  at  23*64,  water  would  boil  at  200^  in  place 
of  212^;  and  so  close  is  the  connexion  between  the  pressure 
and  boiling  point,  that  the  height  of  any  place  above  the 
level  of  the  sea  may  be  determined  by  the  temperature  at 
which  water  boils  there.  Thus,  if  on  heating  some  water 
on  the  summit  of  a  mountain  it  be  found  to  boil  at  203^  we 
find  by  reference  to  a  table  that  the  elasticity  of  its  vapour 
is  then  25*1  inches,  and  hence  that  in  the  same  place,  at  the 
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same  moment,  the  column  of  mercury  in  a  barometer  should 
have  been  at  that  height.  Then,  by  the  ordinary  calculation, 
the  height  of  the  mountain  may  be  found,  with  as  much 
accuracy  as  if  the  barometer  itself  had  been  carried  up.  On 
the  summit  of  Mount  Blanc,  the  highest  point  of  Europe, 
water  has  been  found  to  boil  at  184^ 

By  reducing,  artificially,  the  amount  of  pressure  upon  a 
fluid,  as  by  placing  the  vessel  containing  it  under  the  re- 
ceiver of  an  air  pump,  and  exhausting  the  air,  the  boiling 
point  is  lowered  in  a  remarkable  degree.     If  the  vacuum 
were  perfect,  a  fluid  should  boil  even  at  the  lowest  possible 
temperature;   but  this  is  not  practicable,   as  the  vapour 
formed  cannot  be  so  perfectly  removed  but  that  it  will  exer« 
cise  some  pressure ;  but,  with  a  good  air  pump,  [fluids  may 
be  got  to  boil  145^  below  their  ordinary  boiling  points;  thus 
water  will  boil  at  67%  alcohol  at  32®,  ether  at  a  temperature 
at  which  quicksilver  would  freeze.     If,  at  the  moment  that 
such  a  fluid  is  in  violent  ebullition,  the  working  of  the  pump 
be  stopped,  the  vapour  accumulates,  and,  exercising  on  the 
surface  of  the  fluid  an  amount  of  pressure  corresponding  to 
its  elasticity  at  the  existing  temperature,  raises  the  boiling 
point,  and  thus  stops  the  ebullition.  This  fact  may  be  shown 
in  a  very  simple  and  singular  manner,  by  half  filling  a  flask  B, 
with  water,  and  boiling  the  water  until  all  the  air  in  the  flask 
shall  have  been  expelled,  and  then  carefully  closing  the 
mouth  of  the  flask  b  by  an  air  tight  cork.   On  removing  the 
source  of  heat,  the  upper  part  of  the 
flask  B,  when  inverted  as  in  the  figure, 
remains  full  of  vapour,  which,  pressing 
upon  the  liquid  water,  arrests  the  ebulli- 
tion. If  then  a  jet  of  cold  water/?  be  allow- 
ed to  play  upon  the  flask,  the  vapour  is 
condensed,  and,  a  vacuum  being  thus  pro- 
duced, the  water  begins  to  boil;  if  a  jet 
of  warm  water  be  employed,  the  vapour 
retains  its  elastic  form,  and  the  ebulli- 
tion ceases,  so  that  in  this  apparatus  the 
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application  of  cold  may  appear  to  cause,  and  that  of  heat  to 
prevent,  the  water's  boiling. 

The  temperature  at  which  a  liquid  boils  is  thus  totally 
dependent  on  the  amount  of  pressure  to  which  it  is  subjected* 
But  the  limits  within  which  that  pressure  varies  near  the 
level  of  the  sea,  in  ordinary  cases,  are  so  small,  that  the 
boiling  point  may  be  looked  upon  as  one  of  the  most  impor« 
tant  characteristic  properties  of  a  volatile  substance,  and 
from  the  facility  with  which  it  may  be  determined^  it  is 
almost  universally  capable  of  being  applied.  Hence,  in 
describing  such  bodies,  the  boiling  point  will  be,  in  all  cases, 
given ;  bat,  for  iUustrating  the  present  subject,  a  table  of  the 
bdling  points  of  some  of  the  most  remarkable  liquids  is  sub- 
joined ; — 

Muriatic  ether,    .  .  52o  Water, 212^ 

Sulphuric  ether,  .  .  96o  Nitric  acid,    .     .     .  248<^ 

Sulphuret  of  carbon,  116*^  Oil  of  turpentine,    .  315"^ 

Pyroacetic  spirit,  .  132^  Phosphorus,  .    .    .  554"^ 

Water  of  ammonia,  .  140<>  Sulphur,    ....  60P 

Pyroxylic  spirit,   .  •  151^  Sulphuric  acid,  .     .  630^ 

Alcohol,      •    .    •  .  1730  Mercury,  ....  66(r 

The  boiling  point  is  influenced  by  some  other  circum- 
stances than  the  atmosjpheric  pressure;  the  nature  of  the 
vessel  may  alter  it  several  degrees.  Thus  in  a  glass,  or  glazed 
porcelain  vessel,  water  boils  under  a  pressure  of  30®  inches, 
not  at  212*  but  214® ;  and  in  graduating  a  thermometer  it  is 
hence  necessary  to  use  a  metallic  vessel.  This  latter  appears 
to  favour  ebullition  by  the  minute  irregularities  on  its  sur- 
face, affording  a  nucleus  for  the  steam  to  form,  as  a  crystal 
dropped  into  a  saline  solution  facilitates  the  crystallization ; 
and  if  the  smooth  surface  in  the  glass  vessel  be  removed  in 
a  single  point,  by  a  scratch  with  a  diamond,  the  bubbles 
of  steam  will  be  seen  to  form  there,  before  the  general  mass 
of  liquid  comes  to  boiL  The  influence  of  roughened  or 
angular  surfaces  in  thus  favouring  the  escape  of  steam  may 
be  shown  very  well  by  heatmg  water  in  a  glass  flask  to  boil- 
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ing,  and  then  allowing  it  to  cool  a  little,  so  that  the  boiling 
shall  completely  cease^  if  then  a  little  filings  of  copper,  or  a 
platina  wire  be  dipped  into  the  liquid ,  if  the  cooling  had  not 
gone  too  far,  the  boiling  will  immediately  recommence,  the 
steam  forming  at  the  edges  and  angles  of  the  rough  sub- 
stances introduced. 

The  temperature  of  the  steam  produced  is  not  affected 
by  the  boiling  point  of  the  liquid.  Thus,  although  by  dis- 
solving salts,  such  as  chloride  of  calcium,  in  water,  its  boiling 
point  may  be  raised  to  264^,  the  temperature  of  the  vapour, 
immediately  over  the  solution,  is  found  to  be  but  212**,  for 
though  the  temperature  of  a  steam  bubble  which  rises  up 
through  such  a  solution  must  be  264^,  yet,  as  its  elasticity  and 
latent  heat  are  proportional  to  that  temperature,  it  expands 
on  mixing  with  the  less  elastic  atmospheric  air,  and  is  cooled 
down  instantly  to  the  ordinary  boiling  point.  The  heat  of 
a  water  bath  may  thus  be  increased  by  the  addition  of  saline 
bodies  ;  but  the  temperature  of  a  steam  bath  depends  only 
on  the  elasticity  of  the  steam. 

A  curious,  though  only  apparent,  anomaly  in  the  rela- 
tions of  liquids  to  their  boiling  points  consists  in  the  possi- 
bility of  the  vessel  containing  the  liquid  being  heated,  even 
to  redness,  without  the  liquid  boiling,  though  exposed  only 
to  the  ordinary  pressure.  This  may  easily  be  shown  by 
heating  a  platina  crucible  to  redness,  and  dropping  into  it 
a  small  quantity  of  water ;  the  water  remains  on  the  red  hot 
metal  without  disturbance,  and  appears  scarcely  to  evaporate ; 
but  if  another  crucible  be  heated  to  300^,  and  the  water  be 
poured  out  of  the  first  into  the  second,  it  instantly  boils,  and 
is  dissipated  in  a  gush  of  vapour.  The  reason  is,  that  in 
the  red  hot  crucible  the  water  is  not  really  in  contact  with 
the  metal,  and  hence  the  heat  passes  to  it  with  extreme 
slowness ;  but  the  water  wets  the  colder  crucible,  and  ab- 
sorbing from  it  all  the  necessary  heat,  is  instantly  converted 
into  steam.  The  cohesive  force  of  the  metal  to  the  water  be- 
ing diminished  considerably,  this  lies  in  a  red  hot  crucible,  as 
a  clean  steel  needle  floats  on  water,  or  a  globule  of  mercury 
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moves  upon  glass,  and  is  not  affected  by  the  heat  until  it 
wets  the  vessel,  just  as  the  needle  does  not  smk  in  the  water 
until  it  is  wetted  by  it.  At  certain  temperatures  all  liquids 
manifest  the  same  peculiarity. 

l^hen  a  liquid  evaporates  at  a  temperature  below  its 
boiling  point,  it  still  absorbs  and  renders  latent  a  great  quan- 
iity  of  heat,  and,  indeed,  still  more  heat  than  it  would  render 
l&tent  when  converted  into  vapour  by  ordinary  boiling.  It 
has  been  found,  by  accurate  experiments  with  water,  and 
there  is  good  reaaon  for  supposing  it  to  hold  also  with  liquids 
in  general,  that  no  matter  at  what  temperature  a  liquid 
vaporizes  it  absorbs  the  same  total  quantity  of  heal.  The 
more  of  this  that  becomes  sensible  the  less  is  the  portion 
which  remuns  latent;  the  sum  of  the  latent  and  sensible 
heats  of  the  vapour  being  at  all  temperatures  the  same* 
Thus,  with  water  evaporating  at 

32^  the  latent  heat  is  1180  the  sum  bemg  1212 
1000         „        „  1112        „        „        1212 

212°  „        „  1000        „        „        1212 

300°         „        „  912        „        „        1212 

There  is,  therefore,  no  economy  in  evaporating  or  dis« 
tilling  at  one  temperature  rather  than  another,  as  the  same 
absolute  quantity  of  heat  is  necessary  for  the  formation  of 
the  steam;  but,  for  other  reasons,  the  formation  of  vapours 
at  low  temperatures  affords  to  the  chemist  processes  of  the 
greatest  value.    Many  vegetable  substances  imdergo  impor- 
tant alterations  in  their  chemical  constitution  and  medicinal 
properties,  if  they  be  exposed  for  a  long  time  even  to  a  heat 
of  212°;  and  hence,  in  the  preparation  of  extracts  and  in- 
spissated jmces  of  plants,  in  pharmacy,  forms  of  apparatus  are 
sometimes  employed,  in  which  the  evaporation  is  carried  on 
in  close  vessels  connected  with  an  air  pump,  and  in  which  a 
partial  vacuum,  measured  by  a  barometer  guage,  may  be 
established.    In  the  manufacture  of  sugar,  this  principle  of 
evaporation  at  low  temperatures,  by  removal  of  the  atmos- 
pheric pressure,  was  the  source  of  great  improvementi  as  the 
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true  crystallizable  sugar  is  conyerted  into  the  uncrystalUca- 
ble  sugar  (treacle)  with  great  rapidity,  at  the  temperature  of 
boiling  syrup,  and  was  hence,  to  a  great  extent,  lost  to  the 
manufacturer.  By  later  improTements  in  the  mode  of  ap- 
plying heat,  the  necessity  of  evaporating  the  syrup  in  vacuo 
has  been,  however,  completely  obviated. 

The  absorption  of  heat  in  the  conversion  of  a  liquid  into 
a  vapour,  at  ordinary  temperatures,  may  become  the  source 
of  considerable  cold ;  and  it  is,  indeed,  in  this  way  that  the 
greatest  cold  yet  generated  has  been  produced.  The  cold 
which  is  felt  when  a  little  ether  or  spirits  of  wine  is  dropped 
on  the  hand  arises  from  this  fact ;  and  by  surrounding  the 
bulb  of  a  mercurial  thermometer  with  some  loose  cotton,  and 
moistening  it  with  liquid  sulphurous  acid,  the  quicksilver  in 
the  bulb  may  easily  be  frozen.  By  placing  some  ether  in  a 
shallow,  thin,  metallic  cup,  which  rests  in  a  glass  vessel, 
containing  a  small  quantity  of  water,  and  producing,  by  the 
air  pump,  the  rapid  vaporization  of  the  ether,  the  water  may 
be  so  frozen,  that  the  two  cups  shall  adhere  firmly  together 
by  the  intervening  sheet  of  ice. 

Water  may  be  even  frozen  by  its  own  evaporation,  as  in 
the  cryophorus,  which  consists  of  a  long  tube,  terminating 
in  bulbs,  which  contain  some  water,  and  from  which  the  air 
had  been  carefully  expelled  by  boiling,  before  the  apparatus 

was  completely  closed. 
The  space  above  the 
water  remains  then  oc- 
cupied only  by  watery 
vapour.  If  all  the  water  be  brought  into  one  bulb,  and  the 
other  bulb  be  immersed  in  a  freezing  mixture,  the  vapour 
will  condense  there,  and  new  vapour  being  formed,  a  dis- 
tillation will  be  produced  from  the  one  to  the  other  bulb. 
The  vapour  which  forms  in  the  warm  bulb  must  derive  its 
latent  heat  from  the  water  which  remains  bdiind,  and  thia  is 
gradually  cooled  to  the  freezing  point,  and  ultimately  com- 
pletely frozen;    the  latent  heat,  of  about  eight  parts   of 
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water,  being  given  up  to  fonn  the  latent  heat  of  one  part  of 
▼apour  at  32^.  Even  without  the  application  of  artificial 
cold,  watet  may  be  frozen  by  its  own  evapo- 
ration. Thus,  if  under  the  receiver  of  an 
air  pump  we  arrange  two  flat  dishes,  the 
upper  containing  waller,  the  lower  containing 
oil  of  vitriol,  and  then  having  removed  the 
air,  we  leave  the  apparatus  for  a  short  time 
to  act,  we  shall  find  the  water  in  the  upper 
vessel  converted  into  ice.  Accordingly,  as 
any  portion  of  vapour  forms,  it  is  imme- 
diately absorbed  by  the  sulphuric  acid,  which  has  a  great 
affimty  for  water,  and  the  vapour  being  thus  prevented 
from  collecting,  the  loss  of  heat  by  evaporation  proceeds 
without  any  cease,  until  so  much  heat  has  been  removed, 
that  the  residual  water  is  converted  into  ice. 

In  fluids  more  volatile  than  water,  this  synchronous  freez- 
ing and  evaporation  may  occur  still  more  simply.  Thus,  if 
strong  prussic  acid  be  allowed  to  form  a  pendent  drop  from 
a  glass  rod,  the  drop  will  become  solid  by  the  evaporation 
of  one  portion  of  it,  and  the  cooling  of  what  remains.  The 
remarkable  phenomenon  of  the  solidification  of  carbonic  acid 
arises  from  the  same  principle.  A  jet  of  liquid  carbonic  acid 
being  allowed  to  escape  into  the  air,  one  portion  instandy 
flashes  into  the  state  of  gas,  and  absorbs  so  much  heat,  that 
the  portion  which  remains  is  converted  into  a  compact  solid 
mass. 

In  warm  dimates,  the  evaporation  of  water  is  commonly 
employed  to  moderate  the  sultriness  of  the  air,  by  the  agree- 
able cold  and  freshness  it  produces.  The  Spanish  ale(srra»€u 
are  earthen  vessels,  so  porous,  that  any  liquid  which  is  put 
into  them  gradually  filters  through,  and,  evaporating  from 
the  outer  surface,  cools  the  interior  mass.  In  chemical  ope- 
rations, the  same  mode  of  refirigeration  is  in  constant  use, 
and  when  describing  these  operations,  the  action  of  this 
principle,  in  the  construction  of  the  apparatus  used,  will  be 
referred  to* 
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The  conversion  of  a  liquid  into  vapour,  at  ordinary  tem- 
peraturesi  is  often  called  spontaneous  evaporation ;  and,  in 
the  case  of  water,  from  the  great  extent  to  which  it  becomes 
subservient  to  the  economy  of  nature,  this  process  is  one  of 
high  importance.  It  was  formerly  supposed  that  the  atmos- 
phere was  necessary  to  evaporation ;  and  this  idea  was 
strengthened  by  the  fact,  that  by  a  current  of  air  the  evapo- 
ration is  much  assisted ;  but  it  is  now  established,  that  the 
pressure  of  air  is  really  an  obstacle  to  evaporation,  and  that 
a  current  is  useful,  not  by  supplying  new  quantities  of  air,  but 
by  removing  the  vapour  according  as  it  is  formed,  and  leav- 
ing fresh  spaces  into  which  the  vapour  may  expand.  When 
a  liquid  forms  vapour,  the  quantity  formed  is  determined 
only  by  the  space  into  which  the  vapour  may  spread,  and  by 
the  temperature.  It  is  no  matter  whether  the  space  be  occu- 
pied before  by  other  vapours  or  by  air,  or  whether  it  be  a 
vacuum ;  the  quantity  of  vapour  which  can  form  in  it,  is  in 
aU  these  cases  the  same. 

Dalton  was  the  first  who  clearly  showed  that  different 
gases  and  vapours  ofier  no  resistance  to  each  other's  elas* 
ticity :  thus,  that  the  particles  of  watery  vapour  in  the  air 
are  not  subjected  to  the  pressure  of  the  atmosphere,  but  only 
influenced  by  the  pressure  of  the  particles  of  the  same  kind ; 
and  hence,  that  at  SS^,  when  the  elasticity  of  vapour  is  only 
0*200  inch,  it  retains  perfectly  its  elastic  constitution,  though 
difflised  through  an  atmosphere,  the  elasticity  of  which  may 
equal  thirty  inches.  If  we  moisten  the  interior  of  a  bell 
glass,  filled  by  air,  with  ether,  alcohol,  sulphuret  of  carbon, 
and  water,  all  mixed  together,  there  will  be  formed  in  thq 
bell  as  much  of  the  vapour  of  each  substance  as  if  the  bell 
had  been  completely  empty  of  the  others ;  each  vapour  will 
exercise  a  pressure  proportional  to  its  elasticity,  and  by  the 
sum  of  all  these  pressures,  the  pressure  of  the  external  air 
will  be  equilibrated.  It  is,  consequently,  possible  to  produce 
the  rapid  evaporation  of  one  fluid,  whilst  another  beside  it^ 
or  even  mixed  with  it,  shall  not  evaporate  at  all ;  it  being 
only  necessary  to  remove  the  vapour  of  the  one  as  rapidly. 
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as  it  18  formed,  whilst  the  portion  of  the  vapour  of  the  second 
produced  in  the  first  instant,  shall  remain,  and  prevent  its 
further  change.  Tfaas,  by  placing  a  shallow  dish  of  dilute 
alcohol  under  the  receiver  of  an  air  pump,  with  a  quantity  of 
quicklime,  the  latter  combines  with  and  absorbs  the  watery 
vapour  as  fast  as  formed  ;  and  there  is,  hence,  a  continual 
evaporation  of  the  water,  whilst  the  alcohol,  after  generating 
as  much  vapour  as  once  fills  the  receiver,  is  pressed  upon  by 
it,  and  cannot  form  any  more.  In  this  manner,  alcohol, 
almost  quite  pure,  though  much  the  more  volatile,  in  the 
ordinary  sense,  may  be  obtained  by  the  evaporation  of  its 
solution  in  water,  as  it  were  to  dryness. 

If  the  liquid  be  in  excess,  the  vapour  possesses  the  elas« 
tidty  belonging  to  its  temperature ;  but  if  there  be  not  liquid 
enough  to  form  so  much  vapour,  the  vapour  formed  then  ex- 
pands, so  as  to  occupy  the  entire  space,  and  its  elasticity  dimi- 
nishes  in  proportion  to  the  increase  of  volume ;  vapours  being 
regulated  by  the  same  lawof  pressure  which  holds  with  gases. 
If^  thus,  a  bell  glass  of  atmospheric  air  be  confined  over 
water,  at  the  temperature  of  80^,  a  quantity  of  vapour  dif- 
fiises  itself  through  the  air,  and,  as  there  is  water  in  excess^ 
the  elasticity  of  that  vapour  will  be  1*00  inch.  Now  if  we 
suppose  the  elasticity  of  the  air  to  have  been  previously  30 
inches,  it  will  become,  by  the  addition  of  the  vapour,  29, 
for  the  vapour  counteracts  one  inch  of  the  external  atmos- 
pheric pressure ;  the  air  in  the  bell  glass  will  then  expand, 
in  the  proportion  of  30  to  29 ;  or,  what  is  the  same  in  prac- 
tice, the  volume  of  the  damp  air  is  the  same  as  the  volume 
which  the  vapour  should  occupy,  if  condensed  in  the  pro- 
portion of  its  own  elasticity  to  the  atmospheric  pressure, 
added  to  the  volume  occupied  by  the  air  when  dry.  It  is 
thus  that  the  volumes  of  gases,  collected  over  water,  are  cor* 
rected  for  the  watery  vapour  that  is  mixed  with  them. 
Thu^  in  the  analysis  of  a  substance  containing  nitrogen,  let 
us  suppose  that  8*54  cubic  inches  of  nitrogen  have  been  col- 
lected over  water,  at  the  temperature  of  63^,  and  the  baro- 
metric pressure  being  29*35  inches  ;  at  that  temperature. 
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the  elasticity  of  yapour  is  0*58,  and  hence  that  of  the  dry 
air  is  2935  —  058  =  28-77.  The  volumes  which  they  oc- 
cupy are  as  these  numbers,  and  hence  the  8*54  of  damp 
gas  consists  of  ^^  X  8*54  =  0'17  of  watery  vapour,  and 
Iffl  X  8-64  =  887  of  dry  nitrogen. 

This  volume  should  still  be  corrected  for  temperature  and 
pressure  before  the  quantity  of  nitrogen  by  weight  could  be 
obtained  from  it. 

Where  the  air  is  not  completely  saturated  with  the  watery 
vapour,  it  is  not  so  easy  to  determine  the  exact  quantity  of 
vapour  which  it  contains.  One  of  the  best  methods  consists 
in  cooling  it  until  its  volume  is  so  much  diminished  that  the 
quantity  of  vapour  is  suflScient  to  saturate  it,  and  from  the 
temperature  at  which  this  occurs  the  quantity  of  vapour  may 
be  calculated.  This  temperature  is  terflied  the  dew  point  of 
the  air  or  gas,  because  if  cooled  in  the  least  below  that  point 
a  quantity  of  liquid  water  is  deposited  in  the  form  of  dew 
upon  the  neighbouring  cold  bodies.  This  may  be  easily 
done  by  taking  a  tumbler  of  water,  somewhat  too  warm,  and 
cooling  it  gradually  by  dissolving  in  it  a  little  mixed  nitre 
and  salammoniac,  until  a  slight  deposition  of  dew  is  percep- 
tible on  the  exterior  of  the  glass ;  the  water  is  then  at  the 
temperature  of  the  dew  point.  Another  method  consists  in 
observing  the  rapidity  of  evaporation  from  the  surface  of 
the  bulb  of  a  thermometer  which  is  covered  with  muslin  kept 
wet  by  water.  The  thermometer  so  arranged  is  always  at  a 
lower  temperature  than  an  ordinary  thermometer,  from  the 
quantity  of  heat  carried  away  by  evaporation,  and  the  tem- 
perature will  be  lower  in  proportion  to  the  amount  of  evapo- 
ration. In  dry  air,  evaporation  is  quickest ;  in  air  saturated 
with  moisture  evaporation  ceases,  and  in  all  intermediate 
degrees  there  is  a  connexion  between  the  quantity  of  mois- 
ture already  present  in  the  air  and  the  depression  of  tempe- 
rature, which  accompanies  the  formation  of  as  much  more  as 
will  saturate  it.  This  method  is  peculiarly  of  interest  from 
the  means  which  it  afforded  to  Apjohn  of  ascertaining  the 
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specific  heats  of  the  gases  abeady  noticed,  and  it  is  easy  now 
to  understand  the  general  principle  upon  which  his  process 
was  established.  If  we  consider  a  certain  space  which  may 
be  filled  by  the  different  gases  in  succession^  and  that  these 
gases  being  dry,  they  are  made  to  saturate  themselves  with 
watery  vapour,  for  the  formation  of  which  they  themselves 
supply  the  heat,  it  will  be  easily  seen  that  as  the  quantity  of 
heat  to  be  given  out  is  the  same  for  all,  their  temperatures 
win  be  reduced  in  a  degree,  inverse  to  their  specific  heats. 
Hydrogen  with  a  high  specific  heat  will  only  require  to  cool 
about  one-third  the  number  of  degrees  necessary  for  air  or 
other  gases.  The  numerical  results  obtidned  by  thb  process 
have  been  already  given. 

Instruments  for  the  purpose  of  determining  the  quantity  of 
watery  vapour  which  the  atmosphere  contains  are  termed  hy- 
grometers, and  that  of  Daniell  is  one  of  the  most  elegant  and 
most  usefiil.  It  is  a  cryophorus,  aeb  i,  which  in  place  of  water 
contains  ether,  and  in  one  bulb,  of 
which,  a  «,  is  fixed  a  very  delicate 
thermometer.  This  bulb  is  made  of 
blackened gla8s,and  the  other  bulb^o 
is  covered  with  a  little  bag  of  muslin. 
All  the  ether  having  been  made  to 
pass  into  the  black  glass  bulb,  a  little 
ether  is  poured  on  the  muslin  enve- 
lope of  the  other.  This,  by  con- 
densing the  vapour  inside,  causes  the  ether  to  distil  firom  the 
blackened  bulb,  and  thus  cools  it  and  the  air  in  contact  with 
it,  until  it  arrives  at  the  point  of  saturation,  when  a  dew  of 
hquid  water  begins  to  be  deposited,  which  is  at  once  ob- 
served upon  the  blackened  glass.  The  internal  thermometer 
shows  the  temperature  of  the  bulb,  which  is  the  dew  point, 
and  a  thennometer  which  is  attached  to  the  support  of  the 
instrument  shows  the  temperature  of  the  external  air. 

When  the  dew  point  has  been  thus  determined,  the  sub- 
sequent calculation  is  very  simple.    Thus,  if  there  be  air  at 
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72^9  of  which  the  dew  point  is  45^ ;  the  barometric  pres- 
sure being  30  inches:  the  elasticity  of  steam  at  45^  is 
0-31 6|  and  as  the  elasticity  diminishes  according  as  the 
volume  increases  from  45^  to  72^,  the  elasticity  of  the 
vapour  in  the  air  at  72^  is  0*30,  and  the  atmospheric  pres- 
sure of  30  inches  is  produced  by  the  dry  atmosphere,  which 
balances  29*70,  and  the  watery  vapour  which  balances  0*30 ; 
and  the  respective  volumes  are  as  these  pressures. 

Gay  Lussac  has  sought  to  establish  a  close  relation  be- 
tween the  manner  in  which  solid  bodies  dissolve  in  liquids, 
and  that  in  which  vapours  diffuse  themselves  through  space. 
Thus,  if  a  solid  body  dissolved  only  because  the  liquid  dimi- 
nished the  cohesion  of  its  particles,  the  diminution  of  that 
cohesion  in  another  way  should  increase  the  solubility  very 
much :  this,  however,  does  not  occur.  When  parafSne  dis- 
solves in  alcohol,  the  solubility  increases  steadily  with  the 
temperature,  and  does  not  change  more  rapidly  at  the  tem- 
perature, when  the  paraffine  melts  than  at  any  other.  This  b 
the  case  also  with  many  other  easily  fusible  bodies.  Hence  he 
compares  the  diffusion  of  particles  of  the  solid  through  the 
liquid  to  the  diffusion  of  particles  of  vapour  of  water  through 
the  air,  which  is  not  affected  by  the  solid  or  liquid  form  of 
the  water,  but  depends  only  on  the  temperature ;  and  cer- 
tainly this  view,  though  not  applicable  to  all,  or  even  the 
majority  of  cases  of  solution,  is  of  much  interest  as  pointing 
out  a  similarity  between  solution  and  vaporization  previously 
unnoticed,  and  which  may  be  applied  to  the  explanation  of 
many  anomalous  facts. 

The  employment  of  steam  as  a  moving  power  is  of  so 
much  importance  to  science  and  to  the  arts,  that  it  would  be 
improper  to  terminate  a  discussion  of  the  properties  of  va- 
pours, without  any  allusion  to  the  manner  in  which  it  is  uti- 
lised. The  little  steam  cylinder  of  WoUaston  figured  in  the 
margin,  contains  all  that  is  essential  to  the  application  of 
steam,  in  principle,  to  produce  motion.  A  glass  tube,  ter- 
minating below  in  a  bulb,  is  fitted  with  a  little  steam-tight 
piston,  which  slides  up  and  down,  the  rod  passing  through 
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the  brass  cap  at  top.  If  now  a  little  water 
be  placed  in  the  bulb  and  boiled,  its  steam 
pressing  on  the  bottom  of  the  piston  forces 
it  upland  when  at  top,  if  the  bulb  be  dipped 
into  cold  water,  the  steam  condenses,  and 
the  pressure  of  the  external  lur  forces  the 
piston  down  again.  This  may  be  repeated 
any  number  of  times,  and  is  the  essential 
element  of  the  atmospheric  steam  engine  of 
Newcomen.  It  was  in  this  form  when  Watt 
commenced  his  improvements  on  it,  and  by 
applying  all  the  resources  of  the  exact  knowledge  of  the  pro- 
perties of  heat  then  first  obtained  by  himself  and  his  illus- 
trious associate  Black,  he  converted  it,  though  still  without 
changing  its  fundamental  principle,  from  the  machine  of 
Newcomen,  which  had  been  rejected  from  practice,  for  its 
inefficiency  and  expense,  into  the  instrument,  which,  after 
the  art  of  printing,  must  be  considered  as  the  most  powerful 
material  agent  of  human  improvement  and  civilization  of 
which  mankind  has  ever  obtained  possession. 

The  similarity  of  constitution  of  gases  and  vapours  has 
been  already  pointed  out  on  many  occasions,  and  particu- 
larly in  page  21,  the  conversion  of  gases  into  liquids  by  the 
application  of  great  pressure,  has  been  detailed.  A  lique- 
fied gas,  so  contained  in  a  close  vessel,  is  precisely  in  the 
condition  of  water  heated  in  a  digester  as  in  the  apparatus 
figured  in  page  124,  far  above  its  boiling  point,  and  gene- 
rating steam  possessed  of  considerable  tension*  On  this 
analogy  has  been  founded  an  interesting  speculation  con- 
cermng  the  temperatures  at  which  the  gases  would,  at  ordi- 
nary pressures,  assume  their  liquid  form,  that  is  their  boil- 
ing points  when  liquid,  thus  : — 

At  44*^  the  tension  of  liquid  nitrous  oxide  is  50  atmospheres. 
At  320*^  „  „  «  44 


For  12*5^  an  increase  of  tension  of   .    •    •    6  atmospheres. 
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Steam  exerts  a  pressure 

of  50  atmospheres  at       •     •      511*5° 
and  of  44  „  „       .    .      497-5*' 


For  6  atmospheres  the  difference  is      14-0°  or  just  the  same, 
liquid  carbonic  acid  exerts  a  pressure 


„dof20         ,^}Diff»eoce,20» 


of  25  atmospheres  at  ...    •     32° 
lof20         19  ,f 

The  tension  of  steam  is 

^^1  Difference,  21 


I  Difference,  22° 


25  atmospheres  at    ...    .     439-5°^  r,:«._«..  oio 

20  atmospheres  at    ...    •     418'5° 
Muriatic  acid  exerts,  when  liquid,  a  tension 

of  25  atmospheres  at  •    •    .    •25* 
and  of  20         „  at  ....      3' 

Steam  balances 

25  atmospheres  at.    .    .    .    439-5»l  j^j^  g^, 

M  „        at       .     •     .     41o'5"J 

Ammonia  liquefies  and  exerts  a  pressure 

of  6*5  atmospheres  at ...    •    50**)  _  _ 
andof5 3^.}  Difference.  18» 

Steam  exerts  a  pressure  of 

6'5  atmospheres  at      ...   326° 
5-0  „        at      .    .    .    307-5° 

It  is  hence  evident  that,  in  every  case,  the  rate  of  increase 
of  elasticity  of  these  gases,  with  the  temperature,  follows  the 
same  law  as  that  of  steam;  and  there  is,  therefore,  good 
reason  to  believe,  that,  if  the  elasticity  were  diminished  to 
one  atmosphere,  the  reduction  of  temperature  necessary  to 
effect  it  should  be  regulated  by  the  same  law  as  that  of 
watery  vapour ;  the  gases  should  then,  under  the  ordinary 
pressure  of  30  inches,  become  liquid,  and,  whenUquid,  their 
boiling  points  should  be : — 

Nitrous  oxide,      .    .    .  =z  -  252-4°  Fahrenheit 
Carbonic  acid,      .     .    .  =:  —  230-8°        „ 
Muriatic  acid,       ...=:-  2020° 
Ammonia,        ....  =  —    63-4° 


>  Difference,  18-5* 
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The  great  increase  of  elasticity,  which  these  liquefied 
gases  acquire  by  a  change  of  temperature,  limited  to  a  very 
few  degrees,  has  led  to  sanguine  opinions  of  their  advan- 
tages, as  a  source  of  power,  in  machines.  No  experiments 
at  all  sufficiently  satisfactory  to  be  decisive  upon  the  question 
have  as  yet  been  made. 

There  are  some  other  properties  of  gases,  which,  although 
closely  connected  with  the  subject  now  discussed,  I  shall 
postpone,  in  order  to  introduce  them  where  they  are  found 
to  be  of  the  most  practical  importance.  Thus,  the  manner  in 
which  gases  spread  through  each  other,  in  virtue  of  their 
diffiisive  power,  will  be  described  under  the  head  of  Atmos- 
pheric Air,  to  the  proper  constitution  of  which  this  law  is 
indispensable.  The  relation  of  gases  to  water,  their  solu- 
bility in  that  and  other  liquids,  and  the  various  modes  of 
depriving  them  of  moisture,  for  the  purpose  of  chemical 
experiments,  shall  enter  into  the  history  of  the  physical  and 
chemical  properties  of  water. 

SECTION  V. 

OF  THE  TRANSMISSION  OF  HEAT  THROUGH  BODIES. 

It  is  a  matter  of  every  day  experience,  that  heat  may  be 
propagated  from  one  part  of  a  body  to  another,  and  also  that 
this  propagation  takes  place  in  unequal  degrees  with  differ- 
ent bodies.  Thus,  if  one  extremity  of  a  poker  be  heated  to 
brightredness,  the  other  will  become  so  hot  as  to  be  intolerable 
to  the  hand ;  whilst,  if  a  stick  of  the  same  length  be  inserted 
in  the  fire,  the  heated  extremity  may  be  completely  burned 
off,  without  the  farther  extremity  baring  its  temperature 
raised  in  any  remarkable  degree.  The  extremity  of  a  glass 
rod  may  be  melted  by  the  flame  of  a  blow-pipe,  though  held 
in  the  fingers  scarcely  an  inch  from  the  flame :  but  we  shall 
find  it  difficult  to  melt  the  extremity  of  a  silver  wire,  from 
the  heat  spreading  itself  generally  through  its  mass,  and 
elevating  the  temperature  of  its  entire  length  almost  to  the 
same  degree.    Bodies  which  act  like  silver  are  said  to  con- 
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duct  heat  welli  and  are  termed  conductors.  Bodies  which 
intercept  it,  like  wood  or  glass^  are  termed  nonconductors. 
It  is  only  a  difference  of  degree,  for  there  is  no  body  which 
prevents  totally  the  passage  of  heat  across  its  mass. 

The  propagation  of  heat  through  a  body,  in  virtue  of  its 
conducting  power,  is  supposed  to  take  place  from  particle  to 
particle ;  precisely  as,  when  we  apply  a  heated  to  a  cold  ball 
of  iron,  the  latter  becomes  warmed  at  its  point  of  contact.  If, 
in  place  of  using  balls  of  iron,  cubical  masses  were  employed, 
touching  by  their  surfaces,  the  communication  of  heat  would 
be  much  more  rapid,  from  the  greater  number  of  points  at 
which  transmission  could  take  place.  In  the  interior  of  a 
body  we  should  expect,  therefore,  to  find  the  degree  of  ap- 
proximation of  the  particles  to  have  some  influence  on  the 
rapidity  of  transmission,  that  is,  on  the  conducting  power, 
or,  in  other  words,  that  the  power  of  conducting  heat  should 
have  some  relation  to  the  density  and  the  cohesion  of  each 
body. 

Many  series  of  experiments  have  been  made  to  determine 

the  conducting  power  of  different  bodies.   Such  experiments 

may  be  arranged  in  a  variety  of  ways.    Thus,  if  a  number  of 

similar  rods,  of  different  substances,  be  coated  to  a  certain 

distance  from  one  extremity  with  wax,  and  then  heat  be 

applied  to  the  other  extremity,  the  wax  will  melt  accordbg 

as  the  temperature  of  each  rod  rises,  from  the  transmission 

of  the  heat  along  it ;  and  the  length  of  the  coating  melted  at 

the  end  of  a  certain  time  will  be  a  measure  of  its  conducting 

power.    Another  mode  consists  in  forming  the  substances  to 

be  tried  into  disks,  and,  having  placed  a  small  morsel  of 

phosphorus  upon  each,  warming  all  equally  by  laying  them 

on  a  heated  surface.    The  phosphorus  inflames  first  upon 

the  disk,  which  transmits  most  readily  the  heat;  and  on  the 

other  disks  in  the  order  of  the  conducting  power  of  their 

substance.    But  such  experiments  are  only  useful  in  giving 

the  order  of  conducting  power  in  a  general  way,  and  are 

inapplicable  to  exact  purposes. 

The  best  results  are  those  which  have  been  obtained  by 
Despretz,  whose  method  was  the  following.    All  the  bars  . 
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used  in  his  experiments,  were  square  prisms,  and  were  all 
covered  with  the  same  black  varnish,  in  order  that  the  loss 
of  heat  from  their  surface  might  be  exactly  similar.  At 
every  four  inches  of  their  length  was  a  hole  bored  to  half 
the  depth  of  the  bar,  which  was  filled  with  oil  or  mercury, 
into  which  the  bulb  of  a  delicate  thermometer  dipped,  so  as 
at  every  instant  to  show  the  temperature  of  the  bar  at  this 
series  of  points.  By  means  of  a  lamp  applied  to  one  extre- 
mity of  the  bar,  it  was  strongly  heated,  and  the  steadiness 
of  the  heat  secured  by  finding  the  temperature  of  the  ther- 
mometer nearest  the  lamp  to  be  stationary  for  six  hours,  the 
usual  time  of  an  experiment.  The  tem]>erature  of  the  air 
of  the  room,  which  should  scarcely  at  all  vary  during  that 
time,  is  knovm  by  a  thermometer. 

After  the  bar  has  been  heated  for  two  or  three  hours  each, 
thermometer  arrives  at  a  temperature  which  thenceforth 
continues  the  same,  as  long  as  the  source  of  heat  is  kept  up. 
This  temperature  depends  on  the  difference  between  the 
quantity  of  heat  that  is  propagated  along  the  bar  from  the 
lamp,  and  the  quantity  which  is  lost  by  cooling.  The  ex- 
cess of  the  temperatures  of  the  thermometers  attached  to  the 
bar  above  the  temperature  of  the  room,  forms,  therefore,  a 
series,  the  ratio  of  which  depends  upon  the  conducting  power 
of  the  bar  in  a  manner  which,  though  not  simply  propor- 
tional, is  easily  deduced  from  it  by  calculation.  By  these 
principles,  of  which  the  theory  was  given  by  the  celebrated 
Fourier,  Despretz  has  deduced,  from  his  experiments,  the 
following  conducting  powers,  gold  being  assumed  as  the 
standard  for  comparison. 

Gold 1000 

Silver 973 

Copper    ....    898 
Platinum  ....    381 

Iron 374 

Zinc    •    •     •     •     .    363 
Although  this  series  presents,  when  compared  with  the  spe- 


Tin   .    ...     . 

.    304 

Lead     .    .    .    . 

180 

Marble  .     .    ■ 

23-6 

Porcelain  .     . 

12-2 

lire  clay    .    . 

11-4 
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cific  gravities^  or  other  physical  prpperties  of  these  bodies, 
very  great  diversity,  yet  it  is  remarkable  that  the  more  ex- 
pansible and  more  fusible  metals,  tin,  lead,  and  zinc,  are 
those  which  conduct  heat  worst.  The  position  of  platina 
is,  however,  quite  anomalous,  and  must  prevent  any  attempt 
at  generalization. 

The  difference  of  conducting  power  of  solid  bodies  is  of 
daily  utility  in  ordinary  life,  as  well  as  in  chemical  opera- 
tions. It  is  thus  that  substances  of  exactly  the  same  tem- 
perature may  produce  quite  opposite  sensations  to  the  hand. 
If  we  grasp  in  one  hand  a  piece  of  metal,  and  in  the  other  a 
piece  of  wood,  both  at  180^,  the  hand  will  be  reddened  and 
blistered  by  the  former,  but  the  latter  will  feel  only  mode- 
rately warm.  If  the  metal  and  wood  be  both  cooled  to  82°, 
the  former  will  feel  intensely  cold,  but  the  latter  scarcely  at 
all  so.  In  the  first  case,  the  metal  gives  out  its  heat  to  the 
hand,  and  in  the  second,  abstracts  it  from  the  hand  so  ra- 
pidly, that  the  nerves  and  circulation  become  acutely  sen- 
sible of  the  change ;  but  with  the  wood,  from  its  low  con- 
ducting power,  the  flow  of  heat  takes  place  so  gradually  in 
each  direction,  as  almost  to  escape  notice.  The  brickwork 
of  a  fireplace,  or  of  a  furnace,  is  for  the  purpose  of  keeping 
the  heat,  generated  by  combustion,  from. spreading  to  the 
surrounding  bodies,  and  so  being  lost.  It  would  be  difficult 
to  light  a  fire  in  a  massive  metallic  grate,  for  the  heat  would 
be  so  rapidly  carried  off,  by  its  conducting  power,  that  the 
fuel,  if  not  well  lighted  before  being  introduced,  would  be 
cooled  down,  and  extinguished. 

Liquids  conduct  heat  but  very  slowly ;  so  slowly,  that 
they  were  long  considered  to  be  true  non-conductors.  It  is 
now  satisfactorily  proved,  however,  that  they  do  conduct, 
and  although  no  accurate  numbers  have  been  obtained,  their 
power  appears  to  be  generally  as  their  density;  mercury 
being  the  best  conductor,  and  alcohol  and  ether  being  the 
worst.  This  low  conducting  power  may  easily  be  demonstrated 
by  experiment.  Thus,  if  in  a  jar  of  water  an  air  thermometer 
be  inverted,  so  that  its  bulb  shall  be  very  near  the  surface. 
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and  a  cup,  containing  ether,  be  laid  floating 
on  the  water,  as  in  the  figure,  the  ether 
may  be  set  on  fire,  and  allowed  to  bum  for 
a  considerable  time,  before  any  action  on 
the  thermometer  becomes  sensible,  and 
even  then,  the  heat  appears  to  have' 
trayelled  rather  by  the  solid  material  of 
the  glass,  than  by  the  water.  If  a  little 
water  be  frozen  in  the  bottom  of  a  narrow  tube,  and  a  solid 
adherent  piece  of  ice  being  so  obtained,  if  more  water  be 
poured  in,  so  as  to  cover  the  ice  to  the  depth  of  a  few  inches ; 
on  inclining  the  tube,  and  applying  the  flame  of  a  lamp  to 
the  water  near  the  surface,  it  may  be  kept  boiling  violently, 
and  for  along  time,  before  the  ice  begins  to  liquefy,  and  then 
also  it  is  by  the  glass  material  of  the  tube  that  the  heat  shall 
be  conveyed* 

Notwithstanding  such  facts,  it  is  still  well  known  that 
heat  may  be  communicated  through  large  quantities  of  fluid, 
so  that  the  mass  shall  be  rapidly  and  uniformly  heated.  It 
occurs,  then,  not  by  conduction,  but  by  diffusion,  and  the 
source  of  heat  cannot  be  applied  indifferently  to  any  surface 
of  the  fluid,  as  it  might  be  to  a  soHd  body,  but  must  be  ap- 
plied underneath.  When  any  portion  of  a  liquid  is  heated 
it  expands,  and,  becoming  specifically  lighter,  ascends  in  the 
mass^  and  is  replaced  by  the  colder  and  heavier  portions, 
which,  being  in  their  turn  heated,  ascend  also,  and  thus 
generate  a  circulating  current  of  ascending  warm,  and  de- 
scending  cold  liquid,  as  in  the  figure,  by  which  every  par- 
ticle of  the  Kquid  is  brought  in  succession  into 
contact  with  the  source  of  heat,  and  the  resulting 
temperature  quickly  and  uniformly  gained. 

In  the  case  of  water,  and  such  liquids  as  have 

a  point  of  maximum  density,  this  communication 

of  heat,  by  ascending  and  descending  currents, 

occurs  in  the  inverse  order  below  that  point. 

Thus,  to  warm  water  which  is  below  S9'BP,  the 

l2 
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heat  should  be  applied  above,  or  to  cool  it  further  the  heat 
should  be  abstracted  below.  On  this  property  depends  the 
preservation  of  the  lakes  and  rivers  of  these  countries  from 
total  and  eternal  congelation.  When  the  mass  of  water  be- 
comes cooled  to  39*5%  the  superficial  layer  becoming  lighter 
as  it  cools  morCi  prevents,  by  its  non-conducting  power, 
the  further  abstraction  of  heat  from  the  deeper  portions, 
but  when  the  warm  air  of  spring  plays  on  it,  the  heat  is 
rapidly  diffused  from  above  downwards,  until  the  temper- 
ature of  the  entire  mass  is  raised  to  39*5^. 

In  their  mode  of  communicating  heat  gases  resemble 
liquids.  Their  true  conducting  power  is  quite  insensible, 
but  by  the  currents  which  are  produced  by  the  ascent  of 
warm  and  the  descent  of  colder  particles,  they  abstract  and 
communicate  heat  with  great  rapidity.  The  difference  is 
easily  felt  by  holding  the  hand  first  at  the  side  and  then 
over  the  flame  of  a  candle,  the  distance  being  the  same.  In 
the  latter  case  the  great  increase  of  heat  arises  from  the 
ascending  current  of  heated  air  which  does  not  affect  the 
hand  when  at  the  side. 

The  non-conducting  power  of  gases  is  practically  of 
great  importance.  The  different  kinds  of  clothing  owe  their 
warmth  to  the  fact  that  they  prevent  the  heat  of  the  body 
from  escapbg ;  this  they  effect  not  so  much  by  the  power 
of  their  proper  solid  substance,  as  that  being  of  a  loose  and 
spongy  texture,  they  imprison  in  their  pores  a  quantity  of 
air,  which,  not  being  able  to  form  those  continual  currents, 
acts  as  a  non-conductor.  The  more  loose  and  spongy,  there- 
fore, the  tissue  of  a  cloth  may  be,  the  more  air  does  it  confine 
and  the  warmer  it  is.  This  is  fully  supported  by  the  experi- 
ments of  Rumford,  who,  having  heated  to  the  same  degree  a 
thermometer,  imbedded  in  the  materials  of  which  clothing 
is  generally  made,  found  that  it  cooled  through  135^  with 
Air  in      576''        Raw  silk  in     1284^' 

Fine  lint  „     1032''        Beaver's  fur        „     1296" 

Cottonwool     „     1046''        Eiderdown         „     1305" 
Sheep's  wool    „    1118"        Hare's  fur  „    1315" 
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When  these  bodies  are  tightly  compressed^  so  as  to  dimi- 
nish the  quantity  of  air  confined  within  their  tissue^  the 
power  of  retaining  warmth  diminishes  in  the  same  degree. 

On  standing  before  a  fire^  the  influence  of  the  heat  is 
felt,  even  at  a  considerable  distance,  although  the  air  is,  as 
has  been  just  stated,  so  bad  a  conductor  that  the  warmth 
cannot  be  ascribed  to  direct  transmission  through  its  mass, 
and  since  a  current  of  air  is  passing  to  the  fire  in  order 
to  supply  its  conduction  and  produce  the  draught  of  the 
chimney,  no  heat  can  arrive  at  the  body  by  the  current  from 
the  fire.  Also,  if  a  heated  iron  ball  be  suspended  in  a  room, 
it  propagates  heat  in  all  directions,  although  the  current  of 
air,  which,  so  far  as  has  been  yet  described,  alone  can  convey 
any  great  quantity  of  heat,  is  directed  only  upwards.  Heat 
is,  therefore,  propagated  by  a  third  mode,  distinct  from  dif- 
fusion and  from  combustion  ;  and  the  heated  body  being 
supposed  to  emit  actual  quantities  of  heat  in  straight  lines 
or  rays  from  every  point  of  its  surface,  this  mode  is  termed 
radiation* 

Radiation  is  remarkably  distinct  from  conduction  and 
diffusion  in  not  requiring  for  its  existence  any  material  me- 
dium. On  the  contrary,  the  existence  of  any  coherent  sub- 
stance in  their  path  is  an  obstacle  to  the  transmission  of  the 
rays  of  heat,  and  hence  in  most  solids  and  liquids  there  is 
little  heat  transmitted  by  radiation,  unless  we  look  upon  con- 
duction as  a  kind  of  radiation  from  particle  to  particle  in  the 
interior  of  the  mass,  and  it  is  only  with  gases  that  radiation 
is  equal  to  what  takes  place  in  empty  space.  A  heated  body 
throws  off  rays  of  heat  precisely  as  a  luminous  body  throws 
off  rays  of  light,  and  in  every  detail  of  physical  constitution 
that  has  yet  been  discussed,  there  exists  a  perfect  similarity 
between  heat  and  light  in  these  radiant  forms. 

Difibrent  bodies  radiate  heat  with  different  powers,  which 
appear  to  depend  more  upon  the  mechanical  nature  of  the 
surface  than  upon  the  internal  constitution  of  the  body. 
When  any  substance  is  interposed  in  the  path  of  the  rays  of 
heat,  these  are  either  reflected,  or  are  absorbed,  or  they 
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pass  through  the  body  without  loss.  In  general  all  these 
effects  are  in  part  produced,  that  is  to  say,  one  portion  of 
the  incident  rays  will  be  transmitted,  another  portion  re- 
flected, and  a  third  will  disappear  by  being  absorbed.  There 
are  thus  in  relation  to  radiant  heat  four  qualities,  which 
various  substances  possess  in  different  degrees,  the  radiating, 
the  absorbing,  the  reflecting,  and  the  transmitting  power. 

The  rays  of  heat  may,  like  those  of  light,  be  concentrated 
by  reflection  or  refraction.  By  the  former  mode,  that  ori- 
ginally used  by  Prevost  and  by  Leslie,  the  properties  of 
radiant  heat  may  be  demonstrated  in  a  simple  manner. 

The  form  of  apparatus  generally  employed  for  demonstra- 
tive experiments  on  radiant  heat  consists  of  reflecting  mirrors 
of  polished  silvered  copper,  of  a  paraboloid  form  m  m'  ;  the 
property  of  this  figure  being  that  rays  emanating  from  the 


focus /of  one  mirror  are  reflected  from  it  in  parallel  direc- 
tions, and  falling  thus  parallel  upon  the  other  are  brought 
to  convergence  in  its  focus//  In  this  manner  the«heat  radi- 
ating from  a  body  may  be  concentrated  upon  a  single  point, 
and  all  its  properties  determined  with  great  precision.  Thus, 
a  hot  iron  ball  may  be  placed  at  a  distance  of  a  few  feet  from 
a  bit  of  phosphorus  for  any  length  of  time  without  affecting 
it ;  but,  if  the  hot  ball  be  placed  in  the  focus  of  one  mirror  x, 
and  the  phosphorus  in  the  focus  of  the  other  x',  this  imme- 
diately begins  to  melt,  and  after  a  moment  bursU  into  flame. 
If  the  hand  be  held  in  the  focus  it  feels  hot,  but  on  moving 
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it  much  nearer  to  the  source  of  heat,  the  iron  hall^  it  feeU 
cooled.  It  is  thus  not  by  the  direct  conduction  of  the  air^  or 
hy  diffusion  of  warm  currents^  that  the  effects  are  caused, 
but  from  the  radiation  of  heat  in  a  form  which,  like  light,  ad- 
mits of  being  reflected  from  curved  surfaces,  and  concentrated 
upon  a  focus^  and  which  shall  be  found  to  follow  the  analogy 
of  light  through  all  its  branches. 

If  a  thermometer  be  placed  in  the  focus  of  the  mirror 
opposite  the  heated  ball,  it  immediately  indicates  the  rise  of 
temperature,  and  may  serve  to  measure  it.  But  it  is  only 
the  air  thermometer  which  is  delicate  enough  for  such  expe- 

?^p^  riments,  and  it  is  specially  for  this  use  that 
vW  the  differential  air  thermometer  is  con- 
ri'ri  structed.  One  bulb  being  placed  in  the 
focus,  the  difference  of  temperature  between 
the  two  bulbs  is  instantly  shown,  and  it  is 
thus  also  proved  that  the  rise  of  tempera- 
ture is  local,  that  it  is  confined  to  the  point 
where  the  rays  of  heat  are  brought  to  meet, 
for  the  instrument  is  insensible  to  every 
general  change  of  temperature,  no  matter 

how  extensive. 

By  means  of  this  apparatus  the  radiating  and  absorbing, 
as  well  as  the  reflecting  and  transmitting  powers  of  bodies 
may  be  examined.  The  radiating  power  may  be  conveniently 
exhibited  by  filling  a  tin  cube,  c^f,  with  boiling  water,  and 
applying  to  the  surfaces  of  the  cube  the  bodies  which  are  to 
be  examined.  Thus,  one  side  being  left  brightly  polished, 
another  dimmed  by  being  rubbed  with  sand  paper,  a  third 
covered  by  paper,  and  the  fourth  bemg  blacked  by  the 
smoke  from  a  candle,  each  side,  on  being  turned  towards  the 
mirror  n,  gives  out  a  quantity  of  heat  proportional  to  its 
radiating  power,  and  this  being  reflected  and  brought  to  bear 
upon  the  thermometer  in  the  focus  e,  is  measured  by  its 
indication.  Lieslie  thus  found  the  radiating  power  of  the 
following  surfaces  to  be  relatively. 
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Lampblack        .     •  100  Plumbago      ...  75 

Writing  paper       .  98  Tarnished  lead .     .  45 

Crown  glass       .     .  90  Clean  lead    ...  19 

Ice 85  Polished  iron     .     .  15 

Red  lead      ...  80  Other  bright  metals  12 

It  is  here  evident  that  the  radiating  power  is  quite  inde- 
pendent of  the  colour  of  the  body ;  and  that  in  all  cases  those 
bodies,  with  bright  metallic  surfaces,  radiate  least ;  the  ra- 
diating power  of  lead  being  doubled  by  simply  tarnishing  its 
surface.  It  has  been  rendered  probable,  however,  by  recent 
observation,  that  it  is  not  the  degree  of  polishing  of  the 
surface  which  influences  the  radiating  power,  so  much  as  the 
closeness  and  density  of  the  exceedingly  thin  surface  layer, 
on  which  the  quantity  of  radiant  heat  depends.  In  the  pro- 
cess of  polishing,  the  surface  of  a  metallic  plate,  particularly 
if  it  be  rolled,  is  very  much  compressed,  and  in  this  state 
radiates  in  the  lowest  possible  degree  ;  but  if  by  rubbing  with 
sand  paper  that  dense  film  of  compressed  metal  be  removed, 
the  softer  material  underneath  radiates  with  nearly  double 
the  power.  If  a  plate  of  silver  be  cast  without  being  sub- 
jected to  any  pressure,  the  surface,  although  perfectly  bright, 
radiates  with  a  power  of  22 ;  but,  if  it  be  dimmed  by  rubbing 
with  sand  paper,  the  compression,  even  though  so  slight, 
diminishes  the  radiating  power  to  12.  Substances  which  are 
highly  elastic,  as  ivory,  or  very  hard,  as  agate,  radiate  in  the 
same  degree,  no  matter  what  be  the  rough  or  smooth  condi- 
tion of  the  surface. 

That  the  texture  of  the  surface  should  influence  the  ra- 
diating power  is  easily  comprehended,  when  we  know  that  it 
is  not  from  the  external  surface,  but  from  a  little  depth  below 
it,  that  radiation  actually  takes  place.  If  radiation  were 
truly  from  the  surface,  every  point  of  it  emitting  rays  in  all 
directions  equally  intense,  there  should  occur  inequalities  in 
the  temperatures  of  the  surrounding  bodies  of  the  most  re- 
markable and  intolerable  kind.  Thus,  let  us  suppose  two 
surfaces  at  right  angles,  radiating  heat,  as,  for  instance,  two 
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surfaces  of  a  red  hot  poker.  A  body  a,  at  a  certain  distance 
from  the  angle,  should  have  its  temperature  raised  much  more 
than  a  body,  b  or  c,  directly  opposite 
either  side,  for  it  should  receive  the 
rays  a  m,  and  a  m',  equally  intense ; 
while  the  bodies  b  and  c  should  re- 
ceiye  from  the  same  points  only  the 
rays  b  m,  or  c  m\  But  the  rays  ema- 
nating not  from  the  surface  at  m  or  m',  but  from  n'  and  n,  at 
some  depth  belowi  the  oblique  ray,  n  a,  has  to  pass  through 
so  much  a  thicker  stratum  of  solid  matter  from  n  to  p  than 
the  direct  ray  from  n  to  m  ;  that  the  conjoint  action  of  the  two 
does  no  more  than  enable  the  surrounding  bodies  to  attain 
an  equable  temperature.  Bodies  obUquely  exposed  to  a  flat 
radiating  surface,  receive  less  heat,  not  that  a  smaller  number 
of  rays  impinge  upon  them,  but  that  a  greater  proportion  of 
heat  is  lost  in  escaping  from  below  the  surface  of  the  body. 

The  radiating  powers  of  bodies  are  the  foundation  of 
numerous  applications  in  the  arts.  Those  bodies  which 
radiate  least  cool  slowest,  and  hence  if  it  be  required  to 
keep  any  material  hot  for  a  considerable  time,  it  should  be 
enclosed  in  a  vessel  with  a  bright  metallic  surface,  that  being 
the  kind  which  retards  most  the  escape  of  heat  If,  on  the 
contrary,  the  object  be  to  diffuse  heat,  the  best  radiating 
surface  should  be  made  use  of.  It  is  thus  that  the  tubes  by 
which  heated  air  or  water  or  steam,  are  supplied  to  build* 
ings,  for  the  purposes  of  warmth,  should  be  bright  and 
polished  until  they  arrive  at  the  precise  locality  where  the 
heat  is  to  be  given  out,  but  should  there  be  painted  with 
whitelead  or  lampblack,  the  surfaces  by  which  the  heat  is 
most  rapidly  given  out. 

Ktwo  tin  vessels,  precisely  similar  in  form,  but  one  being 
painted  and  the  other  polished,  be  filled  with  warm  water, 
and  placed  in  a  cold  room,  that  which  is  painted  will  cool 
more  rapidly  than  the  other,  in  consequence  of  its  greater 
power  of  radiation.  If  the  two  vessels,  when  cold,  be  placed 
opposite  a  steady  fire,  the  temperature  of  the  water  in  that 
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whicb  is  painted  will  be  observed  to  rise  more  rapidly  than 
that  of  the  other;  it  will  absorb  the  heat  of  the  fire,  precisely 
as  it  had  given  out  the  heat  of  the  water,  with  most  rapidity. 
The  bodies,  therefore,  that  radiate  best,  absorb  heat,  likewise 
with  greater  power,  and  those  which  when  hot  cool  most 
slowly,  are  those  also  which  have  least  tendency  to  receive 
radiant  heat. 

The  absorbing  and  radiating  power  may  even  be  proved  to 
be  exactly  proportional  to  one  another  by  the  following  expe- 
riment. A  large  differential  thermometer  is  arranged,  whose 
bulbs  are  chambers  of  considerable  size,  presenting  large 
and  equal  plane  surfaces  on  the  sides  that  are  towards  each 
other.  Of  these  one  is  polished  and  the  other  coated.  Mid- 
way between  them  is  placed  a  canister  having  equal  plane 
sur&ces,  facing  each  of  the  former  respectively,  and  one 
polished,  the  other  coated  with  the  same  pigment  as  before. 
This  canister  is  filled  with  hot  water,  and  is  capable  of  turn- 
ing on  a  vertical  axis :  thus  the  coated  surface  of  the  canis- 
ter can  be  turned  to  the  coated  bulb,  or  to  the  polished ;  in 
the  former  case,  a  great  effect  is  produced  upon  the  coated 
bulb,  and  a  very  small  effect  upon  the  plain ;  in  the  second 
case  the  better  radiating  surface  is  directed  to  the  worse  ab- 
sorbing one,  and  the  worse  radiating  to  the  best  absorbing, 
and  the  liquid  in  the  tube  remains  perfectly  stationary; 
establishing  thereby  the  exact  equality  of  the  absorbing  and 
radiating  powers. 

Although  colour  is  without  influence  on  the  radiating 
power,  it  yet  appears  to  influence  the  absorbing  power  in  a 
remarkable  degree.  If  pieces  of  cloth  of  various  colours  be 
laid  upon  snow,  and  exposed  to  the  direct  solar  rays,  that 
which  is  black  will,  by  absorbing  more  heat,  melt  the  snow 
away  from  under  it  and  sink  deepest.  White  will  sink  least, 
and  the  others  in  the  order  of  their  depth  of  colour.  It  is, 
therefore,  with  reason  that  dark  coloured  cloths  are  pre- 
ferred for  winter  use,  and  light  colours  for  summer.  It  is, 
however,  to  be  noticed,  that  it  is  only  upon  the  absorption 
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of  those  rays  of  heat,  which  accompany  rays  of  light,  that 
colour  has  this  power. 

The  great  difierence  of  absorbing  power  of  a  blackened 
and  of  a  metallic  surface  may  easily  be  shown,  by  coating 
one  bulb  of  a  differential  thermometer  with  silver  leaf  and 
blackening  the  other.  When,  with  the  same  source  of  heat, 
the  rays  are  received  upon  the  silvered  bulb,  scarcely  any 
rise  of  temperature  can  be  observed,  but  when  the  blackened 
bulb  is  placed  in  the  focus,  the  rise  is  much  more  than  would 
have  occurred  with  the  thermometer  in  its  ordinary  condi- 
tion of  the  bulb  with  a  glass  surface. 

The  mirrors  which  are  used  in  those  experiments  do  not 
become  sensibly  heated  until  after  a  long  time ;  they  absorb 
but  very  Utile  heat :  but  if  the  surface  of  the  mirror  be 
smeared  with  glue,  it  loses  to  a  great  degree  its  power  of 
reflecting,  and  having  thus  obtained  an  absorbing  and  radi- 
ating power,  it  very  soon  becomes  warm.  If  it  be  coated 
with  lampblack,  its  reflecting  power  vanishes,  and  its  sur- 
face becomes  highly  absorbent.  The  reflecting  property  is, 
therefore,  possessed  by  the  surfaces  of  bodies  in  the  inverse  * 
degree  to  the  absorbing  and  radiating  powers,  and  hence  the 
best  absorbers  are  those  which  reflect  least. 

The  heat  which  b  naturally  associated  with  light  in  the 
8un*8  rays,  is  capable  of  being  so  concentrated  by  reflection, 
that  in  the  focus  of  a  burning  mirror,  results  equal  to  those 
of  the  most  intense  artificial  heat  may  be  produced.  The 
heat  of  the  sun's  rays  may  also  be  concentrated  by  refrac- 
tion ;  the  heat  accompanying  the  rays  of  light  in  their  passage 
across  lenses;  hence  the  use  of  the  burning  glass.  But 
when  we  thus  come  to  discuss  the  property  possessed  by 
bodies  of  transmitting  he^t  through  their  substance  it  be- 
comes necessary  to  look  further  to  the  source  and  intimate 
structure  of  the  heat  For  the  results  which  have  as  yet  been 
described,  we  are  indebted  almost  exclusively  to  Leslie,  but 
the  power  of  transmitting  heat  could  only  have  led  to  the 
important  consequences  deduced  from  it  by  Forbes  and 
Melloni,  more  recently  when  the  advanceof  other  sciences 
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had  placed  at  the  disposal  of  the  experimenter  measures  of 
temperature  infinitely  more  sensible  than  any  form  of  ther- 
mometer formerly  in  use. 

It  is  by  means  of  the  thermo-multiplier  and  galvanometer 
that  the  effects  of  the  transmission  of  heat  require  to  be  ob- 
served. 

The  apparatus  employed  by  Melloni  was^  in  its  general 
arrangement,  such  as  is  represented  in  the  figure. 


On  a  steady  table  there  rests  a  frame  m,  m,  along  the 
middle  of  which  a  slip  r,  r,  is  cut,  by  which  the  Tarious 
stands  and  supports  may  be  moved  back  and  forwards,  so  as 
to  vary  their  distances  from  each  other.  On  the  stand  s,  is 
placed  the  source  of  heat ;  in  the  figure  it  is  a  coil  of  platina 
wire  ignited  by  a  spirit  lamp,  but  the  flame  may  be  surround- 
ed by  a  cylinder  of  blackened  copper,  or  it  may  be  a  vessel 
of  boiling  water,  or  an  argand  or  Locatelli  lamp.  The  rays 
proceeding  from  it  are  received  by  the  thermo-multiplier,  p, 
from  which  the  wires  f,  f,  convey  the  electricity  generated 
to  the  galvanometer,  o,  which  for  steadiness  is  placed  at  a 
distance  and  on  brackets  secured  against  a  wall.  These 
parts  p  and  o,  will  be  represented  in  full  in  the  chapter  on 
electricity.    If  it  be  required  to  study  the  action  of  a  plate 
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of  any  substance  upon  the  rays  of  heat,  the  screen  e  is  inter- 
posed, having  an  aperture  o,  somewhat  smaller  than  the 
plate  to  be  employed.  This  last  is  then  supported  imme- 
diately behind  the  aperture,  by  means  of  the  little  frame  s, 
so  that  no  heat  can  reach  the  thermo-multiplier,  unless  after 
having  passed  through  it.  As  it  is  of  great  importance  to 
have  the  end  of  p  farthest  from  the  lamp,  uninfluenced  by 
any  disturbing  causes,  the  screen  e^^  is  placed  immediately 
behind  it  to  protect  it  from  irregular  radiation  and  from  cur- 
rents, and  as  the  action  of  the  heat  upon  the  pile  must  be 
limited  to  the  actual  time  of  the  experiment,  the  double 
screen  e'  is  interposed  immediately  next  the  lamp,  and  being 
provided  with  a  hinge,  is  raised  or  lowered,  at  the  moment 
when  the  rays  of  heat  are  to  be  allowed  to  pass,  or  are  to  be 
intercepted. 

The  orifice  of  the  thermo-multiplier  was  occasionally 
fitted  with  a  conical  tube  of  plated  brass,  for  the  purpose 
of  collecting  the  rays  of  heat  in  greater  number ;  but  that 
is  not  oflen  wanted. 

The  reflecting  power  of  bodies  has  been  exactly  de- 
temuned  by  Buff  to  be  as  follows.  Of  100  rays  incident 
at  an  angle  of  60^  from  the  perpendicular,  there  are  re- 
flected, by 

Polished  gold 76 

„       silver 62 

„        brass 62 

Brass  without  polish 52 

Polbhed  brass  varnished 41 

Glass  pkte  blackened  on  back  ....     12 

Looking  glass     •    • 20 

Metal  plate  blackened 6 

The  power  of  a  body  to  transmit  heat  is  termed  transeo' 
lescence,  and  of  intercepting  heat  tntranscalescence.  These 
properties  are  totally  independent  of  the  power  of  transmit- 
ting light,  as  will  be  at  once  seen  from  the  following  table. 
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Of  100  rays  proceeding  from  the  flame  of  an  argand  lampi 
there  are  transmitted  by 


Rock  salt    .     .     . 

colourless  92 

Glass  coloured 

yellow 

22 

Calc  spar     .     •     • 

do. 

62 

Do.     •    •    . 

blue 

21 

Smoke  topaz   .     . 

brown 

67 

Sulphuric  ether 

colourless 

21 

Plate  glass  •     .     . 

colourless 

40 

Gypsum     •    • 

do. 

20 

White  agate    .     . 

do. 

35 

Tourmaline     . 

green 

18 

Glass  coloured 

yiolet 

34 

Opaque  glass 

black 

16 

Do,    .    . 

red 

33 

Citric  add 

colourless 

15 

Chromate  of  potash 

orange 

33 

Alcohol      •     . 

do. 

15 

Borax     .... 

colourless 

28 

Alum     .    .     • 

do. 

12 

Glass  coloured     , 

green 

23 

Water  .     .    . 

do. 

11 

Rock  salt  is  thus  the  most  transcalescent  substance  that  has 
been  found.  Glass  arrests  more  than  one-half  of  all  the 
heat  which  it  receives,  whilst  colourless  and  transparent 
alum,  and  the  most  limpid  water,  arrest  more  of  the  heat 
which  they  receive  than  the  deepest  coloured  glasses,  or 
topaz,  or  quartz,  so  brown,  as  to  be  quite  opaque. 

But  not  merely  do  different  bodies  act  differently  on  rays 
proceeding  from  the  same  source,  but  the  same  body  may 
allow  the  heat  of  one  source  to  pass  freely  through  its  sub- 
stance, and  intercept  partially  or  -completely  the  heat  radiat- 
ing from  another.  Thus  using,  in  his  experiments,  the  heat 
emanating  from  five  kinds  of  source^  first,  the  argand  lamp ; 
second,  the  lamp  of  Locatellii  which  is  remarkable  for  the 
steadiness  of  its  flame  ;  third,  a  red-hot  spiral  of  platina 
wire ;  fourth,  a  blackened  copper  plate,  heated  to  734^ ;  and 
fifth,  a  blackened  copper  plate,  heated  to  212**  by  boilmg 
water,  Melloni  found  the  heat  arismg  from  these  sources  to  be 
transmitted  in  the  following  proportion  per  cent. ;  the  results 
with  the  argand  lamp,  having  been  given  in  the  last  table, 
are  here  omitted/ 
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SabfUnce. 

LocatelH 
Lamp. 

Ignited 
Flatioa. 

Copper  at 
7340. 

Capper  at 
2120. 

Free  radiation 

100 

100 

100 

100 

Rock  salt   .     . 

92 

92 

92 

92 

Fluor  spar .     • 

78 

69 

42 

33 

Calc  spar   .    . 
Plate  glass.     . 
Agate    .     .     . 
Gjpsum     .     . 
Alum     .     .     • 

39 
39 
23 
14 
9 

28 

24 

11 

6 

2 

6 
6 
2 
0 
0 

0 
0 
0 
0 
0 

Ice   .     •     .    . 

6 

0 

0 

0 

Kock  salt  is  thus  not  only  the  most  transcalescent  body, 
but  it  is  that  which  alone  is  equally  transcalescent  to  heat 
of  all  temperatures.  The  rays  of  heat  evidently  acquire 
a  greater  power  of  transmissibility  as  the  temperature  of  the 
source  increases ;  and  hence  glass  arrests  scarcely  any  por- 
tion of  the  direct  solar  heat ;  whilst  from  the  argand  lamp« 
it  intercepts  47  ;  from  Locatelli^s  lamp,  61  ;  from  ignited 
platina,  72;  from  copper,  at  734%  94;  and  from  copper, 
at  212^,  100  per  cent.  The  action  of  these  media  upon 
radiant  heat  consists  not  merely  in  stopping  a  certain  portion 
of  it,  but  in  separating  it  into  two  portions,  physically  dis- 
tinct, of  which  one  is  capable  of  transmission,  whilst  the 
other  is  absorbed.  Hence  a  second  plate,  of  the  same  kind 
of  substance,  exerts  but  a  very  slight  action  upon  the  heat 
which  has  already  passed  through  the  first.  Thus,  though 
a  plate  of  alum  allows  only  9  in  100  of  the  direct  rays  of  the 
lamp  to  pass,  yet  it  admits  of  the  passage  of  90  in  100  of 
rays  which  have  already  passed  through  a  plate  of  the  same 
substance ;  and  calc  spar,  which  transmits  only  -^^jj  of  the 
direct  heat,  transmits  91  of  that  which  had  passed  through 
alum^  and  89  of  that  which  had  passed  through  gypsum. 
On  the  other  hand,  a  green  tourmaline,  which  transmitted 
18  out  of  100  rays  directly  incident  upon  it,  intercepts  -^^Xi 
of  those   which  had  previously  passed  through  alum,  but 
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gives  passage  to  -^'^^  of  radiant  heat  which  had  passed 
through  black  glass. 

The  nature  of  the  physical  distinction  between  the  inter- 
cepted and  the  transmitted  portions  of  the  heat  is  to  be 
found  in  the  different  refrangibUity  of  the  rays  of  heat  ema- 
nating from  sources  of  various  temperatures.  If  the  rays 
of  heat  emanating  from  a  lamp  be  incident  upon  a  rock  salt 
prism,  they  will  undergo  refraction,  subject  to  the  same  law 
of  the  sines,  as  in  the  case  of  ordinary  light,  and  there  will 
be  obtained  a  band  or  spectrum  of  rays  from  the  lamp ;  the 
•  most  refrangible  will  coincide  with  about  the  middle  of  the 
luminous  spectrum,  whilst  the  least  refrangible  will  extend 
far  beyond  the  limits  of  the  least  refrangible  rays  of  light. 
The  mean  refrangibility  of  heat  is,  therefore,  less  than  that 
of  white  light,  and  the  length  of  its  undulation,  if  that  theory 
be  adopted,  longer  in  proportion. 

If  now  the  heat  spectrum,  so  obtained,  be  examined  by 
means  of  the  media  which  have  been  already  noticed,*  the 
explanation  of  the  peculiarities  in  their  action  will  be  at  once 
observed.  Rock  salt  allows  the  rays  of  all  degrees  of  re- 
frangibility to  permeate  its  mass ;  it  is  to  heat  what  perfectly 
colourless  glass  is  to  white  light,  it  acts  equally  on  all  por- 
tions of  it.  Alum  stops  all  but  the  very  least  refrangible 
rays ;  it  is  to  heat  what  ruby-coloured  glass  is  to  light,  which 
allows  only  the  rays  of  the  least  refrangible  extremity  of  the 
spectrum  to  pass  through.  Glass,  gypsum,  and  such  bodies 
as  give  passage  to  the  rays  of  least  and  of  mean  refrangi- 
bility, resemble  those  orange-coloured  glasses  which  exclude 
the  blue  and  violet  rays  of  light,  but  admit  the  others. 

After  long  search,  Melloni  at  last  found  that  by  coating 
with  soot  the  surface  of  a  plate  of  rock  salt,  it  became  to 
heat  what  blue  glass  is  to  light ;  it  excluded  the  rays  of 
inferior  refrangibility ;  and  when  a  plate  so  prepared  was 
combined  with  a  plate  of  alum,  all  heat  was  intercepted,  pre- 
cisely as  when  by  laying  a  plate  of  blue  and  a  plate  of  orange 
glass  together,  perfect  opacity  is  produced,  the  one  absorb- 
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ing  the  portion  of  light  which  alone  the  other  is  capable  of 
transmitting.    • 

The  rays  of  heat  derived  from  sources  of  different  tem- 
peratures are  thus  analogous  to  the  rays  of  light  of  different 
colours.  The  higher  the  temperature  of  the  source,  the 
more  does  it  resemble  red  light ;  the  lower  its  temperature, 
the  greater  is  its  analogy  with  the  violet  rays.  Hence,  alum 
absorbs  all  the  heat  from  boiling  water,  but  gives  passage  to 
that  frc»n  the  argand  lamp  ;  but  alum  is  like  a  glass  so 
deeply  coloured  red,  that  it  is  almost  opaque,  and  transmits 
only  a  small  portion  even  of  its  ovm  coloured  light  that  may 
fall  upon  it. 

When  a  ray  of  heat  is  incident  upon  a  doubly  refracting 
substanee,  it  follows  precisely  the  same  law  as  light,  and  is 
refracted  doubly.  In  this  case,  also,  the  rays  after  emer- 
gence are  found  to  be  polarized  in  planes  perpendicular  to 
each  other;  and  all  those  consequences  of  the  mutual  action 
of  polarized  rays,  which  give  rise  to  such  magnificent  phe- 
nomena of  colours  in  the  case  of  light,  must  occur  with  heat, 
and  be  made  sensible,  if  our  organs,  or  our  instruments,  were 
of  a  construction  suitable  for  their  appreciation.  As  yet, 
however,  the  fact  which  alone  remains  wanted,  towards  a 
physical  theory  of  heat,  has  not  been  observed,  that  of  in- 
terference ;  up  to  the  present  time,  the  actual  production 
of  cold  by  the  combined  action  of  two  rays  of  heat  has  not 
been  seen ;  but  the  closeness  of  the  analogy,  which  in  this 
ease  alone  requures  additional  observation,  between  light  and 
heat,  is  so  remarkable,  that  we  can  have  little  hesitation  in 
referring  these  agents,  in  their,  radiant  form,  to  the  same 
kind  of  physical  arrangement. 

There  is  no  difficulty  in  conceiving  radiant  heat  to  con- 
sist in  vibrations  of  the  same  ethereal  medium  which  pro- 
duces light,  and  in  considering  that  the  difference  between 
heat  and  light  should  be  in  the  magnitude  of  the  vibrations, 
and  the  consequent  refrangibility  of  their  rays.  On  the 
contrary,  it  is  not  reasonable  to  suppose,  that  whilst  we  are 
conscious  of  the  waves  in  air,  although  they  may  vary  in 
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lengthy  from  32  feet  to  ^^  of  an  inch,  the  fimits  of  our  sen- 
sibility to  the  ethereal  waves  should  be  so  narrow,  that  the 
diortest  (violet)  is  to  the  longest  (red)  as  60  to  38 ;  it  is 
more  consonant  to  oar  idea  of  the  various  and  beautiful 
uses  to  which  every  object  of  creation  is  made  subservient, 
to  believe,  that  whilst  the  waves  within  these  limits  produce 
upon  the  eye  the  sensation  of  coloured  light,  another  range 
of  lengths,  greater  than  those  of  light,  should  give  to  our 
organs  the  sensation  of  radiant  heat ;  and  that  a  third  order 
of  vibration,  still  shorter,  and  more  refrangible  even  than 
violet  light,  is  capable  of  acting  upon  the  elementary  con« 
stituents  of  bodies,  and  constitute  the  chemical  rays.  The 
coexistence  of  these  three  kinds  of  rays  in  solar  light  is  an 
argument  remarkably  in  favour  of  this  view,  for  we  can  well 
imagine,  that  by  whatever  means  the  sun  communicates  to 
the  ethereal  expanse  the  vibrations  of  various  lengths  which 
constitute  the  rays  of  light,  that  vibrations  of  other  magoi* 
tudeSf  greater  or  less,  should  be  at  the  same  time  produced, 
and  thus  the  light,  which  exhibits  to  us  the  beauty  of  the 
external  world,  be  accompanied  by  the  heating  power  which 
animates  all  living  nature,  and  without  which  the  umverse 
should  be  a  tenantless  and  barren  void. 

These  arguments,  however  natural,  and  in  appearance 
sound,  are  met  by  facts  which,  if  not  positive  against  light 
and  beat  differing  only  in  the  length  of  the  waves,  by 
which  they  are  produced,  are,  at  least,  of  so  much  import* 
ance  as  to  deserve  attentive  study.  If  it  were  so,  then  the 
heating  rays  of  the  spectrum  should  be  thrown  always  below 
the  coloured  space,  being  less  refrangible,  and  it  is  found  that 
with  a  flint  glass  prism  the  greatest  heat  is  produced  outside 
the  visible  confines  of  the  spectrum  at  the  limit  of  the  red 
light.  This  is,  however,  only  accidental  from  the  nature  of 
the  prism;  for,  if  a  prism  of  crown  glass  be  employed,  the 
rays  of  heat  are  collected  in  the  middle  of  the  red  space  : 
with  a  prism  of  sulphuric  acid,  in  the  orange,  and  by  a  prism 
of  oil  of  turpentine  or  water,  they  may  be  collected  into  the 
centre  of  the  yellow  light. 
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T)ie  rays  ef  heat,  tberalbrey  although  generally  less  re- 
frmgible  than  those  of  light,  are  still  not  necessarily  or  even 
always  so*  There  is  distribnted,  over  the  entire  visible 
spectrnm,  a  heatkig  spectrum  which  has  its  peculiar  point  ef 
greatest  energy,  and  which  may  be  refracted  more  or  less, 
quite  independently  of  the  luminous  space,  and  may  be 
brought  to  overlap  it  at  either  end,  or  to  lie  eveidy  up<m  it. 
The  ethereal  medium,  if  it  be  the  means  of  transmitting 
radiant  heat,  must  be  capable  of  two  distinct  methods  of 
vibradon,  by  which  rays  of  equal  refrangibilitbs,  but  totally 
different  properties,  may  be  produced. 

The  physical  independence  of  solar  light  and  heat  was 
beaiitlfaUy  shown  by  Melloni,  who  ttsing  quarts  and  Mack 
mica,  perfectly  opaque,  upon  the  one  hand,  and  rock  salt 
made  perfectly  opaque  by  soot  upon  the  other,  obtained  ra- 
diant heat  of  all  refrangibilities,  totally  free  from  light ;  and 
on  the  other  hand,  by  combining  a  plate  of  alum  with  a  glass 
coloured  green  by  oxide  of  capper,  he  obtained  a  brilfiant 
beam  of  light,  which,  when  concentrated  by  a  lens  upon  the 
most  delicate  thermoscope  he  could  apply,  exhibited  no  trace 
of  any  heating  power  whatsoever. 

An  interesting  property  of  radiant  heat,  and  one  which 
shows  the  remarkable  distinction  between  it  and  light,  in  a 
very  evident  manner,  is,  that  the  heat  may  change  its  degree 
of  refrangibility,  and  hence  if  it  be  vibrations,  one  wave  may 
break  up  into  several,  or  several  smaller  waves  may  unite  to 
form  one.  The  light  of  the  sun,  deprived  of  all  the  more  re- 
frangible rays,  by  passage  through  a  plate  of  alum,  may  be  re- 
ceived on  a  blackened  surface,  the  temperature  of  which  will 
be  thus  elevated,  and  which,  in  turn,  will  become  a  source  of 
radiant  heat«  But  the  heat,  so  radiated,  is  found  to  have  to- 
tally changed  its  properties ;  it  can  no  longer  pass  through 
alum ;  it  has  passed  from  the  state  of  heat  of  the  lowest  to 
the  state  of  heat  of  the  highest  refrangibility.  In  like  man- 
ner, if  the  most  refrangible  rays  emanating  from  a  source  at 
^12^,  be  concentrated  by  a  rock-salt  lens,  and  brought  to  act 
on  a  stoaU  surface,  they  tfiay  raise  the  temperature  of  this  sur- 
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face  above  212^,  and  radiate  from  thence  in  a  less  refrangi* 
ble  condition  than  before.  The  parallel  case  to  this  has 
never  been  found  with  light.  Red  light  has  never  been 
changed  into  blue,  or  violet  into  orange,  and  there  must  be 
in  the  physical  theory  of  radiant  heat  some  general  principle 
of  so  high  an  order,  that  the  physical  optics  of  the  present 
day  is  but  a  particular  case  of  it. 

This  change  of  radiant  heat  from  one  degree  of  refrangi- 
bility  to  another,  occurs  in  nature  very  often,  and  is  the 
source  of  some  remarkable  phenomena.  Thus  the  heat  of 
the  sun's  rays,  being  of  low  refrangibility  from  their  intensely 
heated  source,  is  transmitted  easily  by  ice  or  snow;  and 
hence  a  layer  of  snow  upon  a  field,  exposed  even  to  the  pow- 
erful action  of  the  sun,  is  but  slowly  melted:  if,  however,  a 
dark-coloured  object,  as  a  branch  of  a  tree,  be  laid  upon  the 
surface,  it  absorbs  the  solar  heat,  and  becoming  a  source  of 
radiation  of  heat  of  great  refrangibility,  which  the  snow  ab- 
sorbs completely,  this  is  melted  under  the  stick,  which  sinks 
and  gradually  disappears  beneath  the  surface.  The  earlier 
melting  of  snow  upon  the  branches  and  round  the  stems  of 
plants,  which  was  supposed  to  demonstrate  a  kind  of  natural 
warmth  belonging  to  the  living  vegetable,  arises  from  this 
merely  physical  conversion. 

From  this  .results  also  the  influence  of  colour  on  the  power 
of  bodies,  to  absorb  the  heat  of  the  sun  or  of  a  fire;  the  strips 
of  coloured  cloth  (page  154)  melted  the  snow  beneath  them, 
not  merely  because  they  absorbed  more  heat  in  proportion 
to  the  depth  of  colour,  but  because,  they  in  that  proportion 
possessed  the  property  of  changing  the  heat,  which  would  be 
transmitted,  into  the  heat  which  would  be  absorbed,  by  the 
snow  on  which  they  rested. 

The  construction  of  a  theory  of  heat  would  be,  even  were 
an  undulatory  hypothesis  adopted  for  its  radiant  form,  in- 
volved in  difficulties  which  may  require  many  years  of  re- 
search to  render  them  even  clearly  understood.  The  rela- 
tion between  radiation  and  conduction ;  the  connexion  be- 
tween specific  and  latent  heat ;  the  laws  of  cohesive  force 
against  which  heat  acts  in  causing  the  expansion  of  a  body. 
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win  all  require  to  be  comprehended  within  the  folds  of  what- 
ever principle  shall  hereafter  be  made  the  basis  of  thermo- 
ties.  But  it  is  no  disrespect  to  the  illustrious  names  that 
have  been  connected  with  speculations  on  this  subject,  to 
conclude^  that  none  of  the  views  brought  forward  appear 
positive  or  clear  enough  to  be  described  in  a  work  of  an 
elementary  nature  like  the  present. 

SECTION  VI. 

OF  THE  COOLING  OF  BODIES. 

Bodies,  at  an  elevated  temperature,  are  capable  of 
giving  out  the  heat  which  they  contain,  by  every  method 
by  which,  when  cold,  they  become  heated  at  the  expense 
of  the  surrounding  warmer  bodies.  Cooling  may  occur, 
therefore^  by  cantaci  or  by  radiation.  The  rapidity  of 
cooling  by  the  inunediate  contact  of  the  hotter  with  the 
colder  body  depends  on  the  degree  of  intimacy  of  the  con- 
tact, and  on  the  conducting  powers  of  the  bodies.  Thus 
solids,  which  merely  touch  at  a  few  points,  communicate  their 
relative  temperatures  but  very  slowly,  whilst,  with  liquids  or 
gases  which  may  mix  completely  with  each  other,  the  esta* 
blishment  of  an  uniform  temperature  is  almost  instantaneous. 
The  colder  body  becomes  heated  to  the  original  temperature 
of  the  hotter,  only  when  there  is  a  continual  supply  of  heat 
to  maintain  that  temperature,  as  in  a  furnace ;  in  other  cases 
the  hotter  body  cools  in  proportion  as  the  colder  becomes 
warm,  and  the  resulting  temperature  depends  on  the  specific 
heat  of  each,  as  has  been  described,  page  98.  In  deter- 
mining, therefore,  the  temperature  of  a  body  by  a  thermo- 
meter, it  must  not  be  forgotten  that  the  thermometer,  in 
becoming  hot,  cools  the  body,  so  that  unless  there  be  a 
continuous  source  of  heat  the  true  temperature  of  a  body  is 
never  given  by  the  instrument.  Where  the  substances,  being 
solid,  can  only  come  into  external  contact,  the  rapidity  with 
which  heat  passes  from  one  to  the  other  depends  upon  their 
conducting  power ;  thus,  a  cold  brick  may  be  laid  upon  a 
heated  brick  for  a  considerable  time  without  much  heat 
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changing  place,  but  a  plate  of  red  hot  iron,  laid  upon  a  plate 
of  cold  iron,  abandons  its  excess  of  temperature  so  rapidly, 
that  a  mean  temperature  is  attained  by  both  in  a  very  short 
time. 

The  cooling  of  bodies  by  radiation  is  governed  by  the 
principle,  that  all  bodies  in  nature  are  in  a  continual  state  of 
interchange  of  heat ;  no  matter  how  hot  or  how  cold  a  body 
may  be,  it  is  constantly  giving  out  radiant  heat  to  other 
bodies,  and  receiving  in  exchange,  and  absorbing  the  heat 
which  radiates  from  them.  The  quantity  of  heat,  thus  radi* 
ated,  depends  <yn  the  temperature  of  the  body,  the  higher 
this  is  the  greater  quantity  of  heat  is  thrown  off,  the  lower 
the  temperature,  the  less  heat  does  a  body  radiate  in  a  cer- 
tain time.  Hence,  if  we  conceive  a  ball  heated  to  redness, 
and  suspended  in  the  centre  of  a  number  of  similar  but 
colder  balls,  each  will  radiate  and  absorb,  but  the  hotter 
ball  will  give  out  more  than  it  can  gain  in  return,  and  will 
hence  cool,  whilst  the  surrounding  colder  bodies,  absorbing 
more  of  the  radiant  heat  than  they  return,  wiU  have  their 
temperature  raised.  Every  body  in  nature,  therefore,  no 
matter  how  its  temperature  may,  by  peculiar  or  local  means, 
be  elevated  or  depressed,  (ends,  ultimately,  to  an  equilibrium 
with  all  the  neighbouring  bodies,  and  hence  the  instant  we 
remove  a  substance  from  our  {umaces  or  freeaing  mixtures 
it  begins  to  cool  or  to  become  less  cold.  This  principle 
explains,  in  a  very  perfect  manner,  a  singular  but  instructive 
experiment  which  may  be  made  with  the  concave  mirror 
apparatus  described,  page  150.  In  the  ordinary  form,  the 
thermometer  and  the  heated  ball  tend,  by  radiatbn,  to 
assume  a  common  temperature,  and  the  thermometer,  being 
the  colder  body,  becomes  heated ;  but  if,  in  place  of  the 
heated  iron  ball,  a  mass  of  ice  be  substituted,  the  tempera* 
ture  of  the  thermometer  in  the  focus  of  the  opposite  mirror 
immediately  sinks  below  that  of  the  surrounding  air.  The 
explanation  consists  simply  in  the  fact,  that  the  thermometer 
is  now  the  hotter  body,  and  hence  giving  out  to  the  ice  more 
heat  than  the  ice  gives  back,  has  its  temperature  reduced* 
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At  first  this  effect  appeared  to  demonstrate  the  existence  of 
rays  of  cold,  which  were  reflected,  radiated,  and  absorbed  like 
rays  of  lieat. 

In  this  priiidple  of  the  uniformity  of  temperature  being 
sastained  by  the  equivalent  radiation  and  absorption  of  the 
bodies  at  the  surfiM^e  of  the  earth,  we  find  the  solution  of 
many  interesting  natural  phenomena.  The  production  of 
dew  and  frost  are  to  be  thus  accounted  for.  In  the  absence  of 
the  sun,  the  surface  of  the  earth  losing,  by  radiation,  a  great 
quantity  of  heat,  should  have  its  temperature  considerably 
lowered,  was  it  not  that  the  canopy  of  clouds  which  generally 
Ke  above  it  radiate  in  return,  and  thus  maintain  the  tempera- 
ture almost  the  same.  If  then  the  clouds  be  absent,  all  the 
heat  radiated  by  the  earth  is  lost  in  the  planetary  spaces, 
and  the  temperature  of  its  surface  brought  many  degrees 
below  that  of  the  atmosphere.  The  stratum  of  air  which 
lies  in  contact  with  the  surface  of  the  ground  is  then  cooled, 
by  contact,  and  a  portion  of  the  watery  vapour,  which  it 
had  possessed  in  its  elastic  form,  is  deposited  as  liquid  water. 
If  the  temperature  of  the  air  be  itself  low,  and  the  night 
very  clear,  the  cooling  may  proceed  so  far  that  the  drops  of 
dew  at  the  moment  of  Aeir  deposition  shall  be  frozen,  and 
thus  form  frost.  The  truth  of  this  explanation  is  demon- 
strated by  the  fact,  that  it  is  only  on  the  surfaces  of  good 
radiatcnrs,  and  during  clear  star-lit  nights,  that  dew  or  frost 
is  found.  If  a  plate  of  polished  metal  be  laid  on  the  centre 
of  a  rough  board,  and  exposed  to  the  air  of  a  frosty  night, 
the  rough  sur&ce  wHi  be  found  in  the  morning  covered  with 
copious  frost,  but  on  the  bright  metal  no  trace  will  be  de- 
posited. It  is  thus,  that  by  lightly  covering  a  thin  layer  of 
water  with  straw  to  increase  the  radiating  power,  a  sheet  of 
ice  may  be  obtained  in  a  single  night  between  the  tropics, 
where  die  actual  temperature  of  the  air  may  have  continued 
far  above  the  freezing  point.  That  the  cooling  effect  is  pro- 
duced by  the  loss  of  heat  in  its  radiant  form,  and  not  by  the 
contact  or  diffusion  of  the  particles  of  the  air,  may  be  proved 
by  the  interposition  of  a  screen  of  any  substance  which  inter- 
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cepts  the  passage  of  radiant  heat,  when  the  deposition  of 
dew  or  frost  instantly  ceases,  and  the  surface  cools  no  more. 
Thus  plants  are  protected  by  mats  from  the  frost  of  spring 
and  autumn,  and  thus  the  screen  of  snow,  which  covers  the 
surface  in  the  depth  of  winter,  prevents  the  loss  of  heat  from 
the  soil  below,  and  favours  the  vegetation  of  the  seed. 

The  rapidity  of  cooling  depends  upon  the  difference  of 
temperature  of  the  radiating  bodies,  but  it  is  not  propor- 
tional to  this  difference,  except  within  a  very  narrow  range 
of  temperature.  Newton  having  experimented  only  within 
that  limit,  announced  that  law  as  general,  but  the  establish- 
ment of  the  true  law  is  due  to  Petit  and  Dulong.  It  is  that 
the  rapidity  with  which  a  body  cools,  for  a  constant  excess 
of  temperature,  increases  in  a  geometrical  proportion,  of 
which  the  ratio  is  1*161,  when  the  temperatures  increase 
in  an  arithmetical  proportion.  Bodies  at  moderately  high 
temperatures  cool,  therefore,  much  more  rapidly  than  they 
should  do  by  Newton's  law. 

The  heat,  by  means  of  which  we  produce  a  rise  of  tem- 
perature, or  any  other  of  the  effects  which  have  been  de- 
scribed, may  be  derived  from  any  one  of  a  variety  of  sources. 
To  the  earth  at  large,  the  sun  is  the  source  of  warmth ;  and 
by  his  varying  position  in  the  heavens,  by  which  his  rays 
strike  upon  the  surface  with  different  inclinations,  and,  pass- 
ing through  the  different  thicknessesof  atmosphere,  undergo 
absorption,  to  a  variable  amount,  the  change  of  seasons  as  to 
temperature,  is  produced ;  and  the  alternation  of  vital  activity 
and  torpor  which  characterizes  the  vegetable  world,  and  a 
great  portion  of  the  animal  creation,  is  occasioned.  Although 
at  the  surface  the  temperature  of  the  earth  is  solely  depend- 
ent upon  the  radiating  power  of  the  sun,  yet  it  is  found  that 
it  contains  within  itself  a  source  of  heat,  which,  in  ages  ex- 
cessively remote,  must  have  retained  the  general  mass  of  all 
constituents  of  the  mineral  globe  in  igneous  liquefaction.  In 
fact,  if  we  dig  below  the  surface  of  the  earth,  we  arrive,  at  a 
depth  of  about  forty  feet,  at  a  layer  of  which  the  tempera- 
ture is  in  winter  and  in  summer  exactly  the  -same.    It  i& 
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termed  the  stratum  of  invariable  temperature,  and  is,  in 
general,  of  the  mean  temperature  of  the  place ;  that  is,  the 
temperature  of  the  surface  faUs  in  winter  as  much  below  that 
of  the  invariable  stratum,  as  in  summer  it  is  raised  above  it 
by  the  excessive  action  of  the  solar  rays.  The  heat  of  the 
sun,  falling  upon  the  surface,  is  transmitted  inwards  in  virtue 
of  the  conducting  power  of  the  ground :  and  thus  each  summer, 
a  thin  layer  of  elevated  temperature  moves  inwards,  those  of 
successive  summers,  being  separated  from  each  other  by  the 
intervening  colder  shell,  which  marks  the  period  of  dimi- 
nished heat  in  winter,  until  they  mix  and  confound  themselves 
in  the  layer  of  constant  temperature,  below  which  the  influ- 
ence of  the  sun  is  felt  no  more.  But,  on  descending  beyond 
this  depth,  the  temperature  steadily  increases,  and  although 
subject  to  irregularities  consequent  on  the  different  conducting 
powers  of  the  rocks  of  difierent  countries,  the  augmentation 
is  in  general  about  one  degree  for  every  forty-two  feet,  or 
about  ISO^  for  every  mile.  At  a  depth  of  two  miles,  there- 
fore, water  could  not  exist  as  a  liquid,  unless  from  the  great 
pressure  to  which  it  should  be  subjected :  at  four  miles  depth 
tin  and  bismuth  should  naturally  be  liquid ;  and  at  five  miles, 
lead.  At  a  depth  of  thirty  miles  the  temperature  should  be 
so  high  as  to  melt  iron ;  and  still  more  easily,  almost  without 
exception,  the  rocks,  which  constitute  the  solid  earth  which 
we  inhabit.  The  central  heat,  therefore,  although  insensible 
at  the  surface,  is  still,  there  is  every  reason  to  believe,  in 
violent  activity  at  a  small  depth  below :  we  live  upon  a  pelli- 
cle of  solid  crystalline  rocks,  with  which  the  melted  mass 
has  become  skinned  over,  and  which  extends  but  to  j^^ 
of  the  distance  to  the  centre.  Hence,  we  can  well  imagine 
that  in  many  places,  where  orifices  or  cracks  in  this  solid 
crust  might  form,  violent  manifestations  of  the  internal  fire 
should  be  produced,  and  the  magnificent  phenomena  of  vol- 
canoes and  earthquakes  should  thus  arise. 

For  artificial  purposes,  the  source  of  heat  is  generally 
chemical  combination.  The  details  of  this  mode  of  generat- 
ing heat  will  reqmre  to  be  carefully  and  minutely  considered 
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hereafter,  under  the  heads  of  Combustion  and  the  Relations 
of  Heat  to  Chemical  Affinity.  By  mechanical  causes,  as  per- 
cussion and  friction,  heat  may  also  be  set  free ;  but  such 
cases  arise  from  a  change  in  the  specific  heat  of  the  bodies 
before  and  after  the  mechanical  action:  and  hence,  although 
once  considered  as  influencing  our  ideas  of  the  nature 
of  heat,  do  not  now  require  special  notice.  A  very  interest- 
ing source  of  heat  consists  in  the  respiration  of  certun  kinds 
of  animals,  and  constitutes  an  important  branch  of  chemical 
physiology,  which  shall  be  discussed  in  its  proper  place :  and, 
finally,  one  of  the  most  remarkable  sources  of  heat  is  to  be 
found  in  the  properties  of  electricity,  in  its  various  forms; 
and  to  the  description  of  ttus  interesting  and  important  agent 
we  shall  now  proceed. 


CHAPTER  IV. 

OF  ELECTRICITY  CONSIDERED  AS  CHARACTER IZIN<} 
CHEMICAL  SUBSTANCES. 

Among  the  various  forces  which  concur  to  the  productioa 
of  natural  phenomena,  there  are  few  whose  agencies  are 
more  remarkable  or  more  general  than  those  of  electricity; 
and  so  intimately  does  it  appear  to  be  connected  with  chemi* 
cal  action,  becoming  sensible  in  all  cases  of  union  or  decom-^ 
position,  and  being  even  developed  in  a  degree  proportional 
to  their  amount,  that  the  most  eminent  philosophers  have  not 
hesitated  to  consider  electrical  and  chemical  agencies  as 
being,  if  not  identical,  at  least  intimately  connected  with  each 
other. 

It  is  not  the  object  of  this  work  to  enter  into  the  minute 
description  of  electrical  phenomena,  or  to  attempt  the  de- 
tailed discussion  of  their  causes ;  as  for  a  complete  examina-* 
tion  of  the  subject,  it  must  be  considered  as  one,  and  cer- 
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tainly  not  one  of  tbe  least  extensive  branches  of  natural 
philosophy;  it  is  only  with^regard  to  the  influenee  which 
electricity  exercises  in  the  operations  and  the  theory  of  che- 
mistry, and  the  xneans  which  the  electrical  properties  of 
bodies  affoid  for  their  recogmtion,  that  it  requires  notice 
here :  and  hence>  although  it  is  necessary  to  describe  tbe  pe- 
culiar origin  and  characters  of  each  form  which  electricity 
assumes,  yet  that  shall  be  accomplished  within  the  shortest 
limits  that  are  consiBtent  with  the  importance  of  this  branch 
of  science*  In  the  present  chapter  the  subject  will  be  studied 
in  its  general  history,  and  considered  as  affording  useful 
characteristics  of  substances,  the  properties  of  which  we  have 
to  kam ;  and  in  a  future  place  the  influence  which  it  exer- 
cises upon  chemical  affinity,  and  the  opinions  which  have 
been,  advanced  concerning  its  relation  to  purely  chemical 
forces,  shall  be  carefully  discussed. 

Of  the  true  nature  of  electricity  nothing  is  positively 
known ;  whether  it  be  a  mere  property  of  matter  like  attrac- 
tion or  cohesion,  a  mere  force  acting  independently  of  all 
interposed  material;  or  whether,  like  light,  it  consists  in  the 
undulations  of  an  ethereal  medium  filling  space,  cannot  be 
deteroined.  Indeed  the  ordinary  views  of  its  nature  consist 
in  supposing  Ihe  existence  of  one  or  of  two  fluids  of  electri- 
city, of  exceeding  tenuity  and  of  perfect  elasticity ;  and  that 
according  as  ordinary  bodies  were  supposed  to  contain  more 
or  less  of  these  fluids  of  electricity,  they  acquired  or  lost  the 
properties  of  electrical  excitation.  Of  these  opinions  it  is  ex- 
ceedingly difficult  to  say  which  is  the  more  reasonable,  or 
more  consonant  to  experimental  truth,  so  far  as  the  explana- 
tion of  phenomena  is  concerned ;  but  no  positive  evidence 
has  ever  been  obtained  of  the  existence  of  such  an  electric 
fluid :  it  has  never  been  found  capable  of  being  separated 
from  the  ordinary  particles  of  matter,  of  which  it  appears 
always  as  an  additional  property  assumed  under  peculiar  cir- 
cumstances, and  not  as  a  superadded  constituent.  I  conse- 
quently incline  to  the  idea,  that,  in  the  phenomena  of  electri- 
city, we  have  exhibited  only  the  results  of  new  mechanical' 
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conditions  of  the  ordinary  particles  of  matter,  produced  by 
the  action  offerees  which  may  l^  called  into  play  in  a  variety 
of  ways,  and  which  may  be  either  totally  new  forces  which 
are  first  generated  at  the  time,  or  modifications  of  the  forces 
of  gravity  and  cohesion  which  exist  already.  But,  although 
such  may  be  the  true  condition  of  the  electric  properties  of 
bodies,  yet  such  views  are  far  too  abstract  and  indefinite  to 
be  as  yet  carried  out  into  the  detailed  explanation  of  experi- 
ments ;  and  hence,  in  the  present  chapter,  I  shall  adopt  the 
language  of  that  view,  which  has  been  so  long  in  use  as  to 
have  become  incorporated  with  science,  and  speak  of  an 
electric  fluid  uniting  with  or  separating  from  ordinary  bodies, 
without  being  considered  as  at  all  believing  in  its  actual  ex- 
istence. 

This  electric  fluid,  whether  it  be  looked  upon  as  of  one  or 
of  two  kinds,  may,  like  air  or  water,  be  examined  in  a  state  of 
rest  or  in  motion ;  and  the  science  of  electricity  may  be  thus 
divided  into  electrodynamics  and  electrostatics.  The  electri- 
city  generated  by  friction,  or  by  change  of  state  of  aggrega- 
tion, is  ranked  under  the  latter  head ;  whilst  the  effects  of 
electricity  in  motion  are  found  to  include  the  phenomena  of 
magnetism,  of  galvanism,  and  their  relations  to  each  other, 
electro-magnetism  and  magneto-electricity,  and  also  those  of 
the  electricity  produced  by  a  change  of  temperature  in  bodies. 
Under  these  heads,  therefore,  the  subject  will  be  treated  of 
at  present. 

SECTION  L 

OF  STATICAL  ELECTRICITY. 

Electricity,  in  its  statical  condition,  may  be  evolved  in 
various  ways,  of  which  one  of  the  most  remarkable,  and  that 
most  commonly  employed,  is  friction.  If  a  piece  of  silk,  or 
a  handkerchief,  warm  and  dry,  be  rubbed  briskly  against  the 
surface  of  a  dry  glass  rod,  a  peculiar  odour  will  become  naa- 
nifest ;  and  in  the  dark,  the  surface  of  the  glass  rod  would 
appear  covered  with  a  peculiar  phosphorescent  glow.    If  the 
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rod  be  brought  near  the  cheek,  a  sensation  as  if  a  spider's 
web  had  been  drawn  across  the  face  will  be  felt ;  and  on 
approaching  to  the  rod,  as  in  the  figure, 
any  very  light  bodies,  as  a  silk  thread, 
a  feather,  balls  of  elder  pith,  or  little 
bits  of  paper,  they  will  suddenly  spring 
towards  the  rod,  and  become  attached 
to  it  for  a  moment ;  after  which,  they 
will  spring  from  it,  and  fall  away  with 
equal  power,  assuming  the  positions  of 
the  dotted  lines.  The  rod  which  has 
acquired  these  properties  is  said  to  have  been  electrified  by 
Mction  with  the  silk  handkerchief ;  it  has  become  excited, 
and  the  phenomena  produced  are  known ;  the  phosphores- 
cent appearance,  as  the  electrical  light ;  the  motion  to  and 
from  the  rod  by  the  light  bodies,  as  electrical  attraction  and 
repulsion ;  in  which  also,  acting  on  the  minute  down  of  the 
cheek,  the  sensation  above  described  has  its  source.  It  is 
not  alone  by  rubbing  together  silk  and  glass  that  these  phe- 
nomena may  be  produced ;  two  pieces  of  silk,  by  their  mutual 
friction,  become  electric  also,  particularly  if  they  be  of  dif- 
ferent colours ;  thus,  on  laying  flat  together  slips  of  black 
and  of  white  ribbon,  and  drawing  them  smartly  through  the 
fingers,  each  will  attract  the  feathers  or  pith  balls  ;  ^nd 
being  both  light  bodies,  they  will  also  attract  each  other. 
A  piece  of  sealing  wax,  or  any  other  resinous  body,  when 
rubbed  with  flannel  or  a  woollen  cloth,  becomes  similarly 
excited.  Sulphur  and  amber,  in  which  last,  indeed,  the  pro- 
perty was  first  discovered,  and  from  the  Greek  name  of 
which,  iiXcjcrpov,  the  science  electricity  has  its  name,  assume 
this  excited  state  with  remarkable  facility  and  power. 

It  is  still  not  every  substance  which  may  be  thus  electri- 
fied by  friction,  and  even  the  same  substance  may  often 
become  incapable  of  being  excited ;  thus,  if  the  silk  or  flan- 
nel be  not  completely  dry,  if  the  glass  rod  be  damp,  no  elec- 
tric properties  can  be  conferred  upon  them.  But  it  matters 
not  how  much  care  we  use  in  drying  a  metallic  surface  which 
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rests  upon  the  ground,  or  which  w6  support  by  the  hand,  it 
cannot  be  electrically  excited  by  any  amount  o^  friction. 
Such  a  body  is  termed  a  nam^eiedric  ;  dry  glass,  resin,  sul- 
phur, silk,  &c.,  beiug  called  eleeirics.  Excitation  may, 
therefore,  be  produced  by  nibbing  together  two  electrics, 
but  by  the  friction  of  nau'clectfics  no  electrical  effects  can 
be  observed.  This  distinction  is,  however,  not  real ;  it 
arises  from  the  construction  of  the  apparatus,  for  if  in  place 
of  resting  the  metallic  rod  or  plate  upon  the  ground,  or 
grasping  it  in  the  hand,  we  support  it  on  a  piece  of  sealing 
wax,  or  hold  it  by  a  glass  or  resinous  handle,  it  becomes, 
when  rubbed  with  the  silk,  as  highly  electrified  as  any  of 
the  electrics ;  and  in  this  way,  by  suitable  arrangement  of 
supports,  all  bodies  in  nature  may  be  made  to  assume  elec- 
tric properties  by  friction. 

To  account  for  this  diversity  of  character,  bodies  are 
supposed  to  retain  the  electric  fluid  upon  their  surface  with 
different  degrees  of  power,  according  to  their  nature.  When 
by  friction  electricity  has  been  accumulated  upon  the  surface 
of  a  glass  rod,  it  being  a  highly  elastic  fluid,  its  particles 
repel  each  other,  and  tend,  consequently,  to  escape  from  the 
limited  space  which  it  occupies,  precisely  as  air  tends  to 
escape  from  a  vessel  into  which  it  has  been  powerfiilly  con- 
densed. Glass,  resin,  sulphur,  amber,  silk,  flannel,  and 
such  bodies,  do  not  allow  of  such  escape  of  the  l^lectricity, 
and  it  is  hence  retained  in  its  elastic  form  upon  their  surface, 
and  produces  all  the  effects  of  excitation.  They  are  electrics 
because  they  are  non-conductors  of  electricity.  But  such  is 
the  molecular  constitution  of  the  metals,  that  they  allow  of 
the  escape  of  all  that  is  set  free  upon  their  surface,  unless 
its  passage  away  to  other  bodies  is  intercepted  by  the  inter- 
position of  some  non-conducting  substance.  A  metal  is  thus 
a  non-electric,  because  it  is  a  conductor  of  electricity ;  and 
when,  by  supporting  it  upon  a  non-conductor,  we  oblige 
it  to  retain  its  charge  of  electricity,  it  is  said  to  be  insulated. 
Ice  is  a  non-conductor  of  electricity,  and  by  rubbing  a  stick 
of  ice,  it  becomes  excited ;  but  it  must  not  melt  upon  the 
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surface,  for  liquid  water,  although  inferior  to  the  metals  in 
conducting  power,  is  yet  so  excellent  a  conductor,  that  it 
allows  the  electTictty  which  we  might  develope  to  pass  totally 
away.    Hence  the  necessity  of  drying  carefully  the  sub- 
stances which  are,  by  their  friction,  to  produce  the  electri- 
city, uid  also  the  reason  that  insulating  bodies  must  be 
kept  firee  from  damp,  for  if  the  thinnest  layer  of  moisture  be 
deposited  upon  thdr  surface,  the  electricity  will  instantly 
escape  by  the  path  so  opened  for  it. 

The  coaducting  powers  of  bodies  have,  as  yet,  been 
scarcely  ascertained  witb  aocotvey  ettough,  to  justify  their 
being  expressed  in  numbers,  at  least  for  the  non-metallic 
bodies.  The  general  order  appears  to  be  cottmendmg  with 
the  best  insulators  or  worst  conductors  : 

Dry  ttr.  Damp  organic  bodies. 

Shell  lac.  Damp  air. 

Resins.  Water. 

Oilofturpentiiie.  Strong  acids. 

Sulphur.  Fused  saline  bodies. 

Glass.  Charcoal. 

SpermacetL  Metals. 

The  worst  metallic  conductor  is  many  thousand  times 
better  than  water,  and  by  the  following  method,  an  idea  of 
their  relative  power  may  be  foraied.  A  wire,  across  which 
an  electric  discharge  is  passed,  becomes  heated  in  proportion 
to  the  resistance  offered  to  the  motion  of  the  electricity ; 
and,  therefore,  the  rise  of  temperature  is  inversely  propor- 
tional to  the  conducting  power.  By  such  experiments,  Harris 

found,  that  with 

Tte  Heat  eioltttd.              The  condncdng  Power. 
SUver 6 120 

Copper      ....  6 120 

Gold 9 80 

Zinc 18 40 

Platinum    ....  30 24 

Iron 30 24 

Tin 36 20 

Lead 72 12 
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These  numbers  are  merely  comparative,  and  can  only  be 
looked  upon  as  approximations. 

The  difference  of  the  conducting  power  explains  the  fact, 
that  when  we  excite  by  friction  the  surface  of  a  glass  plate 
or  rod,  it  is  only  at  the  points  actually  rubbed  that  electricity 
at  first  appears,  and  it  requires  considerable  time  to  creep 
over  the  other  portions ;  but  on  exciting  an  insulated  metal- 
lic rod  or  plate,  no  matter  how  extensive  or  how  long,  the 
electricity,  when  evolved  by  friction  at  a  single  spot,  appears 
uniformly  distributed  over  the  entire.  Hence,  also,  a  spark 
may  be  obtained  by  electricity  passing  instantly  along  a  great 
extent  of  metal  surface,  but  is  interrupted  by  a  narrow  inter- 
val filled  by  any  non-conducting  matter. 

The  rapidity  with  which  the  electric  impulse  is  propaga- 
ted, has  been  examined  by  Wheatstone  in  a  very  ingenious 
manner,  the  details  of  which  could  not  be  well  introduced 
here,  but  which  enabled  him  to  determine  an  interval  of  the 
TT^&TTTT  ^^^  second;  he  found  that  the  impulse  of  the  shock 
of  a  Leyden  jar  is  transmitted  from  each  end  of  an  interposed 
wire,  and  arrives  latest  at  the  centre,  so  far  appearing  favour- 
able to  the  idea  of  the  existence  of  two  fluids  rather  than  of 
only  one,  and  that  the  velocity  of  transmission  of  this  im- 
pulse is  greater  than  that  with  which  light  passes  through 
the  planetary  space,  that  is,  at  the  rate  of  more  than  195,000 
miles  in  a  second  of  time. 

The  electricity,  when  thus  evolved,  accumulates  upon  the 
surface  of  the  body,  not  penetrating  to  any  appreciable 
depth,  but  forming  a  layer  of  fluid,  which,  by  its  elasticity, 
and  hence  expansive  power,  tends  constantly  to  break  away 
and  pass  to  other  bodies,  which  are  not  excited.  It  thus 
passing  through  air  produces  the  electric  spark,  and  is  ac- 
companied by  a  snapping  report.  The  tendency  to  escape 
under  the  form  of  the  spark,  depends  upon  the  thickness  of 
the  layer  of  electricity,  and  is  accurately  proportional  to  its 
square,  so  that  if  we  excite  a  brass  ball,  with  double  or  tre- 
ble the  quantity  of  electricity,  the  force  of  the  electricity  to 
pass  away  will  be  quadrupled  or  increased  ninefold.     Hence 
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it  requires  exceedingly  good  insulation  to  retain  electricity 
of  great  intensity. 


These  principles  may  be  easily  demonstrated,  by  means 
of  the  apparatus  in  the  figure,  a,  is  a  hollow  sphere  of  some 
conducting  substance,  and  b,  b,  are  hemispheres  of  gilt  paper, 
or  thin  metallic  foil,  which  when  closed  upon  the  globe  cover 
its  surface  accurately.  They  are  provided  with^  insulating 
handles  g,  c.  The  hemispheres  being  placed  on  the  globe, 
if  the  whole  be  excited  by  friction,  or  by  a  spark  from 
the  machine,  the  electricity  will  be  found  uniformly  difiused 
over  the  whole  external  surface,  and  if  the  hemispheres  be 
suddenly  removed  by  means  of  the  handles,  the  globe  a  will 
remain  totally  deprived  of  its  electricity,  which  will  be  found 
all  collected  on  the  surfiures  of  b  and  b;  but  it  will  be  no  lon- 
ger uniformly  spread  ;  its  intensity  will  be  found  much 
greater  on  and  near  the  edges  of  the  hemispheres,  and 
towards  the  centres  of  the  surfaces  the  signs  of  excitation 
will  be  extremely  feeble. 

The  form  of  a  body  has  a  remarkable  influence  upon  the 
manner  in  which  the  electricity  is  distributed  upon  its  sur- 
face. In  a  sphere,  the  layer  is  every  where  of  equal  thick- 
ness, but  in  an  elongated  body  it  accumulates  more  at  the 
extremities  of  the  longest  axis.  Hence  on  a  wire  or  a  needle, 
the  electricity  is  accumulated  almost  exclusively  on  the  ends, 
and  even  though  the  total  quantity  of  electrftity  may  not  be 
large,  it  is  there  so  thickly  heaped,  that  it  breaks  off  and  ra- 
pidly escapes.  Hence  electrical  apparatus  should  be  com- 
pletely smooth,  except  where  a  point  or  projection  is  inten- 
tionally attached,  and  many  remarkable  experiments  are 
founded  upon  the  escape  of  electricity  from  points.  Elec- 
tricity is  not  merely  prevented  from  accumulating  upon  a 
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pointed  body  itself,  but  it  cannot  collect  upon  any  surface 
near  it ;  the  point  abstracting  the  electricity.  Thus,  a  point 
held  near  to  the  excited  glass-tube  used  in  the  experiments 
first  described,  may  prevent  the  attraction  of  the  light  bodies, 
which  demonstrates  its  excited  state,  by  concentrating  all  the 
action  upon  itself.  The  detailed  theory  of  this  power  of  points 
to  dissipate  their  own  electricity,  and  to  absorb  that  of  other 
bodies,  shall  be  hereafter  fully  noticed ;  at  present  it  is  suffi- 
cient to  refer  it  to  the  thickness,  and  high  elasticity  of  the 
layer  of  electric  fluid,  which  forms  upon  them. 

It  has  been  already  stated,  that  when  two  slips  of  silk- 
ribbon  are  excited  by  rubbing  against  each  other,  the  elec- 
tricity appeared  to  be  equally  evolved  upon  each.  This  oc- 
curs in  all  cases  of  excitation  by  means  of  friction.  Thus, 
when  the  silk  and  glass  are  rubbed  together,  the  silk  acquires 
as  much  electricity  as  the  glass,  but  by  the  silk  being  held  in 
the  hand,  it  escapes  by  the  dampness  which  is  always  present, 
and  is  lost.  If,  however,  the  silk  be  insulated ;  if  a  disk  of 
dry  wood  covered  with  some  folds  of  silk  be  held  upon  an  in- 
sulating handle,  and  rubbed  against  a  similar  disk  of  glass, 
then  the  same  phenomena  are  produced  in  an  equal  degree 
by  both.  The  attraction  and  repulsion  of  the  lighter  bodies, 
the  odour  and  the  phosphorescence  belong  to  both,  and  thus 
in  every  case  where  bodies  are  rubbed  together,  the  excita- 
tion is  completely  mutual.  There  is,  however,  a  profound 
and  curious  di£ferenee  between  the  two  conditions:  separately 
they  attract  and  repel  other  bodies  exactly  in  the  same  way; 
together,  they  produce  neither  attraction  nor  repulsion :  sepa- 
rately they  may  manifest  the  most  remarkable  evidence  of 
tension,  giving  sparks  and  shocks,  but  when  combined,  all 
signs  of  free  electricity  are  lost,  and  the  body  on  which  they 
are  collected  appears  as  destitute  of  excitation  as  if  the  power 
had  never  been  called  into  existence.  The  states  of  the  two 
bodies  are  therefore  so  far  opposed,  that  they  may  interfere^ 
and  as  from  the  action  of  two  lights  there  may  be  produced 
total  darkness,  so  from  the  coalition  of  the  excitation  of  the 
two  bodies  which  had  been  rubbed  together,  absolute  indif- 
ference may  result. 
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This  neutralizing  power  of  the  excitation  of  each  body  for 
that  of  the  other,  may  be  shown  by  very  simple  means.    If  a 
feather  be  suspended  by  a  silken  string,  and  upon  the  one 
side  there  be  presented  to  it  the  disk  of  glass,  and  upon  the 
other  the  disk  of  silk,  which  had  been  rubbed  together,  it 
may  be  brought  to  remain,  by  managing  the  distance,  per- 
fectly at  rest.  If  there  be  the  glass  alone,  it  instantly  attracts 
the  feather,  the  silk  alone  acts  in  the  same  way,  but  no  mat« 
ter  how  strong  the  power  of  each  may  be,  when  at  equal  dis- 
tances, the  feather  remains  indifferent  to  both.    In  order, 
however,  to  obtain  perfect  demonstration  of  this  principle, 
it  is  useful  to  examine  it  by  means  of  more  exact  instruments 
than  the  feather  or  other  light  bodies,  which  hitherto  have 
been  sufficient,  and  for  this  purpose  the  gold-leaf  electroscope 
is  best  adapted  :  deferring  the  description  of  its  principle  to 
another  place,  I  shall  here  only  notice  its  construction  and 
the  indications  which  it  gives.     A  glass  jar  a  is  closed  at  the 
top  by  a  metallic  (brass)  plate  b,  to  which  are  attached  below, 
by  a  wire,  two  slips  of  gold  leaf,  lying,  when 
unexcited,  flat  on  one  another,  and  reaching 
below  the  middle  of  the  jar.     The  jar  rests 
on  a  wooden  or  metal  foot,  with  which  are 
connected  two  slips  of  tin-foil,  applied  to 
the  mside  of  the  glass,  and  rising  so  far  that 
the  gold  leaves  on  opening  out  may  come 
into  contact  with  them.    When  this  occurs 
there  is  evidently  a  free  conducting  medium  from  the  upper 
metallic  plate  to  the  ground,  but  except  when  the  gold  leaves 
touch  the  shps  of  tin-foil,  the  cap  and  leaves  are  perfectly|in- 
sulated,  if  the  instrument  be  kept  dry.    When  this  electro- 
scope is  brought  near  to  an  excited  body  the  gold  leaves  di- 
verge, and  remain  so,  in  the  position  of  the  figure,  as  long  as 
the  excited  body  be  kept  near.    But  if  the  instrument  be  not 
touched,  the  leaves  collapse  on  its  removal,  and  all  remains 
indifferent  as  it  had  been  before.    By  the  divergence  of  the 
gold  leaves,  therefore,  the  existence  of  free  electricity  acting 
on  the  electroscope  is  made  known. 

n2 
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No  matter  what  may  be  the  nature  of  the  excited  body 
acting  on  this  instrument^  it  gives  the  same  indication  of  its 
presence^  but  when  exposed  to  the  action  of  the  two  bodies 
which  had  been  rubbed  together,  the  gold  leaves  remain 
quiescent.  If  they  be  made  to  separate  by  the  influence  of 
the  glass,  and  that  the  excited  silk  be  then  slowly  approxi* 
mated,  the  divergence  gradually  diminishes,  until  at  last  the 
leaves  lie  close  together.  If  the  silk  be  then  brought  still 
nearer,  there  is  a  new  divergence,  but  it  is  due  to  the  excess 
of  power  of  the  silk,  after  the  neutralization  of  the  glass.  On 
removing  either  of  the  excited  bodies,  when  the  instrument 
is  in  the  neutralized  condition,  the  leaves  diverge,  from  that 
remaining  being  free  to  act.  Not  merely  is  the  excitation 
assumed  by  the  two  bodies  immediately  rubbed  together,  of 
these  opposite  kinds,  but  it  may  be  shown  that  this  peculiar 
power  may  exist  in  the  conditions  of  two  bodies,  rubbed  by  a 
third,  as  if  a  glass  be  rubbed  with  silk,  and  an  insulated  metal 
rod  be  likewise  excited  by  rubbing  with  silk,  the  glass  and 
metal  rod  assume  electricities  which  destroy  each  other,  or 
the  silk  is  related  to  the  metal  as  the  glass  had  been  to  the 
silk.  Bodies  rubbed  by  different  other  substances  are  also  so 
circumstanced;  if  a  stick  of  sealing-wax  be  rubbed  by  flannel, 
it  will  assume  opposite  excitation  to  that  of  glass  when  rub- 
bed with  silk,  and  would  counteract  its  influence,  and  conse- 
quently, the  condition  of  the  flannel  in  the  one  case,  and  the 
silk  in  the  other,  would  be  opposite  also.  This  assumption 
of  opposite  states  of  excitation  may  be  caused  by  trifling  me- 
chanical conditions:  thus,  if  smooth  glass  and  muffed  glass  be 
both  rubbed  with  silk,  they  become  oppositely  electrified^ 
and  two  pieces  of  silk,  which  differ  markedly  in  colour,  neu- 
tralize each  other  when  electrified  by  their  mutual  friction. 
The  peculiar  characters  of  these  two  forms  of  excitation 
extend,  however,  much  further  than  the  principle  of  mutual 
destruction.  If  we  hang  by  a  dry  silk  thread,  varnished  with 
shell-lac,  in  order  to  render  it  a  better  insulator,  a  little  cy- 
linder of  gilt  paper,  and  that  we  bring  near  it  an  excited 
body,  the  cylinder  is  attracted  and  moves  towards  the  body 
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undl  it  touches,  when  it  is  immediately  and  forcibly  repelled. 
It  has  by  contact  participated  in  the  state  of  excitation  of 
the  body,  and  when  that  is  so,  they  mutually  repel  each 
other.  In  all  cases,  bodies  which  are  in  the  same  electrical 
condition  repel  each  other ;  and  it  is  thus  that  the  gold  leaves 
of  the  electroscope  become  an  index  of  any  electricity  which 
may  be  present,  for  as  both  sUps  of  leaf  are  necessarily  ex- 
cited in  the  same  way  they  repel  each  other,  and  consequently 
they  diverge. 

If  now  the  insulated  gilt  paper  cylinder  which  has  been, 
as  above  described,  repelled  by  the  glass  rod,  after  having 
shared  its  electricity,  be  brought  near  the  silk  against  which 
the  glass  rod  had  been  rubbed,  or  to  any  body  which  is  in 
the  same  state  of  excitation  as  the  silk,  attraction  will  ensue, 
and  this  will  be  found  more  powerful  than  if  the  body  had 
previously  been  neutral.  If  two  such  gilt  paper  cylinders  be 
touched,  both  with  the  glass  rod,  or  both  with  the  silken  disk, 
they  win  repel  each  other ;  but  if  one  be  touched  with  the 
glass  and  the  other  by  the  silk,  they  will  attract  each  other, 
and  move  until  they  touch,  when  the  states  of  excitation  neu- 
tralize each  other  and  they  become  inactive. 

When  bodies  are  rubbed  together,  therefore,  they  become 
electric,  and  with  such  properties,  that  whilst  each  when  se- 
parate gives  signs  of  powerful  excitation,  together  they  de- 
stroy each  other's  power.  Bodies  when  thus  oppositely  elec- 
trified attract  each  other ;  bodies  which  are  excited  in  the 
same  manner  repel  each  other;  and  these  attractions  and  re- 
pulsions arise  from  the  exertion  of  a  force,  which,  like  that 
of  gravitation,  diminishes  in  intensity,  according  as  the 
square  of  the  distance  between  the  bodies  becomes  greater. 

This  law,  which  is  of  the  greatest  importance  for  the 
theory  of  electricity,  was  discovered  by  Coulomb  by  means 
of  the  torsion  electrometer.  The  gold-leaf  apparatus, 
though  exceedingly  sensible  as  a  test  of  the  presence  of  free 
electricity,  is  yet  not  susceptible  of  being  used  to  measure  its 
amount.  It  is  an  electroscope,  but  not  an  electrometer.  The 
torsion  balance  of  Coulomb  consists  of  a  glass  drum  a,  on  the 
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centre  of  which  rises  a  glass  tube  b  to  the  height 
of  one  or  two  feet.    From  the  top  of  this  tube 
is  hung,  by  a  fine  thread  of  glass  or  of  cocoon 
silk,  a  very  light  wooden  beam,  to  which  is 
attached  at  one  end  a  ball  of  dry  elder  pith, 
and  at  the  other  a  piece  of  gilt  paper,  which 
serves  as  a  counterpoise,  and  by  its  surface 
prevents  irregular  motions  of  the  beam.    The 
^     pith  ball  is  usually  gilt  to  give  it  a  more  uni- 
form surface.     In  the  top  of  the  drum  there 
is  an  aperture,  by  means  of  which  a  second 
gilt  pith  ball  c  may  be  introduced,  and  made  to  touch  that  of 
the  balance ;  and  around  the  centre  of  the  drum  is  fixed  a 
scale  of  degrees,  by  which  the  angular  distance,  to  which  the 
balls  separate  after  repulsion,  may  be  measured.    Now,  let 
us  suppose  that,  by  touching  the  second,  or,  as  it  is  called,  the 
carrying  ball,  to  an  excited  body,  we  charge  it  with  electricity, 
and,  having  inserted  it  in  the  aperture,  it  touches  the  baU  of 
the  balance,  which  is  immediately  repelled :  in  moving  away, 
this  twists  the  thread  by  which  it  is  suspended,  and  the  amount 
of  the  twisting  which  is  necessary,  in  the  opposite  direction^ 
to  bring  it  back  again,  and  maintain  it  at  a  certain  distance, 
measures  the  force  of  repulsion  the  balls  then  exercise.  This 
measurement  is  effected  by  the  glass  or  silken  thread  being 
attached,  not  to  the  tube,  but  to  a  stem,  carrying  an  index, 
which  shows,  on  a  graduated  circle,  the  number  of  degrees 
through  which  the  thread  is  twisted ;  and  as  the  thread  is 
exceedinglylong  in  proportion  to  its  thickness,  and  its  elas- 
ticity almost  exact,  the  force  of  torsion  is  taken  as  propor- 
tional to  the  angle  through  which  the  index  moves. 

By  this  instrument,  into  the  detail  of  experiments  with 
which  it  would  be  improper  here  to  enter,  Coulomb  established 
the  fundamental  law  of  electrical  attraction  and  repulsion  ; 
and  it  has  been  found,  that  from  this  law  all  the  results  of 
the  distribution  of  electricity  on  bodies,  its  accumulation  on 
.  and  escape  firom  points,  that  have  been  noticed,  might  be 
deduced. 
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The  fundamental  principles  of  electrical  excitation,  the 
distribution  of  electricity  on  bodies,  and  the  manner  in  which 
the  electric  states  of  the  excited  bodies  are  related  to  each 
other,  having  been  thus  described,  I  shall  pass  to  the  explana- 
tion of  the  general  principles  under  which  those  phenomena 
and  laws  have  been  arranged,  and  a  knowledge  of  which 
we  shall  find  necessary  to  our  future  progress.  I  shall  lay 
aside  all  consideration  of  the  more  abstract  theories  of  elec- 
tricity, which  refer  it  to  mere  molecular  disturbance,  or  to 
vibrations,  and  consider  only  those  views  which  suppose  the 
existence,  in  the  one  case,  of  two  electric  fluids,  the  theory  of 
Dufay,and,  on  the  other,  that  of  a  single  fluid,  the  theory  of 
Franklin. 

Theory  oftwoFUdds. — It  is  assumed,  that  there  exists  in 
nature  two  kinds  of  electricity,  each  a  highly  elastic  fluid, 
whose  particles  repel  each  other,  according  to  the  law  of  the 
inverse  square,  whilst  they  attract  the  particles  of  matter, 
and  also  attract  each  other,  according  to  the  same  law :  that 
every  body  in  nature  contains  usually  an  exactly  equal  quan* 
tity  of  each  fluid  ;  that  bodies  then  are  in  their  ordinary 
state;  and  hence,  manifesting  no  unusual  properties,  we  look 
upon  them  as  being  quiescent :  but,  if  a  body  contain  more  of 
one  fluid  than  of  another,  it  comes  into  an  extraordinary  state, 
and,  acquiring  new  properties,  we  say  that  it  has  become 
excited. 

Upon  this  view,  the  phenomena  of  electricity  are  capable 
of  very  simple  explanation.  When  two  bodies  are  rubbed 
together,  the  result  is,  that  one  electric  fluid  accumulates  in 
excess  upon  the  one,  and  the  other  upon  the  other  body. 
They  are  thus  both  brought  into  a  state  of  excitation  ;  and 
as  the  excess  of  the  one  fluid  must  be  exactly  equal  to  that  of 
the  other,  the  excitation  of  both  is  equal,  and,  being  oppo^ 
site,  must  neutralize  each  other  when  they  are  brought  to 
reunite.  Of  these  electricities,  that  which  passes  to  glass, 
when  it  is  rubbed  with  silk,  is  termed,  in  the  language  of 
Dnfay,  vitreous  electricity ;  and  that  which  accumulates  on 
resin,  when  rubbed  with  flannel,  is  called  resinous.    Ther^ 
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are  few  bodies  which  may  not  assume  vitreous  or  resinous 
excitation^  according  to  the  substance  by  which  the  friction 
is  produced ;  and,  hence,  these  names  are  liable  to  some 
objection,  and  are  not  much  employed. 

Since  the  electric  fluids  and  matter  attract  each  other, 
the  bodies  upon  which  the  electricities  become  free  appear 
to  attract  or  repel  each  other,  according  as  they  are  invested 
by  the  same  or  opposite  fluids,  in  consequence  of  the  neces- 
sity of  accompanying  these  fluids  in  their  action  on  each 
other.  Hence,  the  electric  attractions  and  repulsions  which 
manifest  themselves  in  all  cases  of  excitation,  and  hence  the 
bodies  return  to  their  indifferent  condition  as  soon  as  the 
excess  of  electricity  they  contain  is  neutralized.  It  was  for 
along  time  supposed,  that  the  atmosphere,  by  its  mechanical 
pressure,  assisted  in  retaining  the  free  electricities  upon  the 
surface  of  the  excited  bodies ;  but  this  is  not  the  case.  The 
air  acts  as  an  insulator  of  the  excited  body,  without  which  no 
accumulation  of  free  electricity  could  occur ;  but  the  mecha- 
nical pressure  of  the  air  may  be  removed  without  affecting 
the  electrical  conditions. 

Theory  of  one  Fluid. — In  the  hypothesis  of  Franklin  there 
is  assumed  to  exist  but  one  electric  fluid,  of  which,  in  its 
ordinary  state,  every  substance  contains  a  certain  quantity. 
This  fluid  is  considered  to  be  highly  elastic,  to  repel  its  own 
particles  with  a  force  varying  as  the  inverse  square  of  the 
distance,  and  to  attract  the  particles  of  matter  according  to 
the  same  law.  A  substance,  with  its  proper  share  of  elec- 
tricity, is,  therefore,  in  its  indifferent  condition,  possessing 
no  properties  beyond  what  we  ordinarily  attribute  to  it.  But 
when  two  such  bodies  are  rubbed  together,  a  quantity  of 
electricity  abandons  one  and  collects  upon  the  other ;  and 
thus  both  are  brought  into  an  abnormal  state,  and  assume 
the  unusual  properties  which  constitute  excitation.  The  exci- 
tation is  equal,  for  the  one  has  gained  precisely  what  the  other 
lost ;  and  by  recombination  they  destroy  each  other's  action, 
for  they  are  brought  to  their  original  ordinary  state.  The 
excitation  being  produced,  according  to  this  view,  by  one 
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body  haTing  electricity  in  excess^  whilst  that  of  the  other  is 
deficient,  one  is  said  to  he  plus  and  the  other  minw  electri*^ 
fied ;  or,  more  generally,  the  one  to  he  posiiivelff,  the  other 
fi€ga<if?e{2^.excited,  and  the  signs  +  and  —  are  often  used  as 
abbreviations  for  these  words. 

The  particles  of  the  electric  fluid  being  mutually  repul- 
sive, and  attracting  those  of  matter,  it  is  natural  that  two 
bodies,  having  electricity  in  excess,  shall  mutually  repel ;  and 
that  a  body,  having  an  excess  of  electricity,  shall  attract  one 
having  an  excess  of  matter.  Bodies  both  +  therefore  repel, 
a  +  and  a  —  body  attract  each  other.  But,  to  explain  the 
mutual  repulsion  of  bodies,  both  in  the  negative  condition, 
an  assumption  is  required,  which,  at  first  sight,  appears  to 
militate  considerably  against  our  reason  ;  for,  as  it  is  matter 
wluch  is  in  excess  in  that  condition,  we  must  consider  that 
the  particles  of  matter  mutually  repel  each  other,  according 
to  precisely  the  same  law,  as  it  is  demonstrated  by  the  whole 
construction  of  the  universe,  that  the  particles  of  matter 
mutually  attract  each  other.  There  is  not,  however,  any 
real  contradiction  in  these  principles;  the  law  of  gravitation 
applies  to  matter  in  its  ordinary  state,  in  which  it  contains 
its  natural  quantity  of  electricity ;  and  it  afibrds  no  grounds 
for  supposing,  that,  if  matter  were  deprived  of  that  natural 
electricity,  it  should  continue  to  attract.  There  is,  conse- 
quently, nothing  illegitimate  in  that  assumption;  and  the 
theory  of  a  single  fluid  may  be  as  easily  and  successfully 
applied  to  the  explanation  of  phenomena  as  that  of  the  two 
fluids  before  described. 

Already,  indeed,  considerable  progress  has  been  made 
towards  a  theory  of  electricity  upon  this  idea.  In  order  to 
account  for  the  ordinary  molecular  constitution  of  matter,  it 
is  necessary  to  suppose,  that  the  forces  which  act  upon  its 
particles  may  change  from  attractive  to  repulsive,  and  again 
firom  repulsive  to  attractive,  according  as  the  distance  be- 
tween the  particles  is  made  to  vary ;  and  Mosotti  has  shown, 
that  it  is  only  necessary  to  assume  that  the  mutual  repulsion 
of  matter,  when  destitute  of  electricity,  is  inferior  to  its  at- 
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traction  for  electricity,  and  to  the  mutual  repulsion  of  the 
electricity  itself,  and  the  law  of  gravitation  becomes  a  neces- 
sary consequence  of  the  conditions  under  which  alone  elec- 
trical equilibrium  can  be  established. 

Such  are  the  theories  of  electricity  that  have  hitherto 
met  with  most  general  acceptation.  In  the  succeeding  por. 
tions  of  this  work,  I  shall  adopt  the  language  of  the  theory 
of  the  two  fluids,  except  that  I  shall  use  the  words  negative 
and  positive  fluids,  in  place  of  vitreous  and  resinous;  but  I 
do  so  merely  from  convenience,  and  seek  not  to  connect  the 
idea  of  a  fluid  in  any  way  more  intimately  with  the  true 
causes  of  the  electrical  properties  of  bodies. 

Before  passing  to  the  description  of  the  phenomena,  and 
the  discussion  of  the  principles  of  electricity  which  yet  re- 
main, it  is  necessary  to  notice  the  construction  of  some  elec- 
trical apparatus,  which  is  employed  in  all  cases  where  it  is 
desirable  to  operate  upon  this  agent  in  a  state  of  high  inten- 
sity and  power.  Of  these  the  most  important  is  the  elec- 
trical machine. 

The  machine  is  in  principle 
only  a  modification  of  the  glass 
tube  which,  by  friction  with  a 
piece  of  silk,  evolved  the  elec- 
tricity in  the  first  experiments 
described.  It  consists  of  a 
glass  having  such  a  form  as 
to  expose  a  great  extent  of 
surface,  and  generally  being 
used  in  the  shape  of  a  cylinder 
A,  or  of  a  plate.  There  are  hence 
the  cylinder  and  the  plate  machines.  To  produce  the  friction, 
an  elastic  rubber  b  is  covered  with  silk,  and  made  to  press 
against  the  surface  of  the  glass  according  as  the  plate  or  cy- 
linder is  turned  round  by  means  of  the  handle.  The 
rubber  being  generally  insulated,  the  electricity  evolved 
upon  it  is  at  once  collected,  and  may  be  transferred  along 
conductors^  or  drawn  as  sparks  from  the  knob  of  brass  at- 
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Uched  to  it  at  the  back.      The  electricity  which  is  diffused 
upon  the  glass,  passes  from  its  surface  to  that  of  a  brass  cylin- 

der,  termed  the  prime  conduc* 
tor  c,  being  collected  by  means 
of  a  series  of  pointed  wires, 
which  graze  the  surface  of  the 
cylinder  according  as  it  is 
turned  round.  The  prime  con- 
ductor is  also  insulated ;  and 
in  the  case  of  a  cylinder  ma- 
chine, the  glass  itself  is  often 
supported  upon  insulating  pillars,  by  which  the  loss  of  elec- 
tricity is  prevented.  To  increase  the  energy  of  the  machine 
the  silk  of  the  rubber  is  generally  smeared  over  with  a  mix- 
ture of  grease  and  an  amalgam  of  tin  and  zinc,  and  a  silken 
apron  extends  from  the  rubber  half  over  the  cylinder  or 
plate  to  conduct  the  electricity  to  the  points,  and  prevent 
its  being  carried  away  by  the  air. 

Although  I  shall  have  occasion,  when  we  have  examined 
the  relative  action  of  excited  bodies  and  conductors  some- 
what better,  to  notice  the  true  theory  of  the  prime  conductor^ 
yet,  for  the  present,  it  may  be  considered  as  simply,  from  its 
proximity,  collecting  the  free  electricity  on  its  points  from 
the  surface  of  the  glass  cylinder  or  plate,  and  by  thus  accu- 
mulating it  upon  a  confined  surface,  enabling  the  experi- 
menter to  apply  it  or  carry  it  to  other  bodies  at  his  pleasure. 
When  the  m&chine  is  worked,  the  two  portions  of  electricity 
become  developed,  as  in  the  rubbing  of  the  tube  and  hand- 
kerchief, upon  the  silk  and  glass,  and  if  all  be  insulated,  they 
attract  each  other  so  intensely,  that  they  break  through  the 
intervening  air,  and  recombine  across  the  surface  of  the 
cylinder,  or  round  the  edges  of  the  plate,  presenting  the 
appearance  of  a  brilliant  spark,  and  accompanied  by  a  snap- 
ping noise,  and  a  peculiar  phosphorescent  odour.  To  pre- 
vent this  recombination,  which  should  of  course  render  accu- 
mulation upon  the  prime  conductor  impossible,  the  rubber^ 
when  the  machine  is  reqmred  for  active  work,  is  connected. 


188    THEORY  OF  THE  ELECTRICAL  MACHINE. 

with  the  ground  by  a  wire  or  chain,  through  which  the  elec- 
tricity,  which  forms  upon  the  silk,  makes  its  escape,  and  as 
new  quantities  are  then  liberated  at  each  moment,  those 
passing  from  the  glass  to  the  prime  conductor,  by  the  pro- 
jecting points  with  which  it  is  always  furnished,  collect  upon 
it,  and,  acquiring  a  high  degree  of  tension,  pass  under  the 
form  of  sparks  to  any  conducting  body  which  may  be  brought 
near. 

By  means  of  a  machine  of  such  construction,  the  oppos- 
ing properties  of  the  electricities  of  the  bodies  rubbed  toge- 
ther may  be  simply  and  completely  shown. 

The  degree  of  excitation  of  the  prime  conductor 
is  generally,  though  not  very  accurately,  shown  by 
means  of  the  quadrant  electrometer.  This  consists 
of  a  stem  of  brass  which  rests  in  a  socket  in  the 
prime  conductor,  or  when  not  in  use,  in  a  wooden 
foot,  as  in  the  figure.  To  this  is  attached  an  ivory 
semicircular  scale  of  which  a  portion  is  graduated, 
from  whence  the  name ;  on  an  axis  at  the  centre  of 
the  ivory  scale,  there  is  hung,  by  a  light  arm  of 
whalebone,  a  pith  ball,  which,  when  the  apparatus  is  unex- 
cited,lies  in  contact  with  the  brass  stem,  and  thus  assumes  the 
same  electrical  condition  with  it,  when  the  instrument  is  placed 
on  the  prime  conductor  and  the  machine  worked.  The  stem 
and  the  pith  ball  then  repel  each  other,  and  the  ball  being 
consequently  set  in  motion  by  the  united  repulsion,  its  radius 
moves  through  an  angular  space  on  the  graduated  scale, 
which  serves  in  rough  experiments  as  an  index  of  the  inten- 
sity of  the  excitation.  Now,  if  when  this  instrument  is  fixed  on 
the  prime  conductor,  the  latter  be  connected  with  the  insulated 
rubber  by  a  chain  or  wire,  no  matter  how  vigorously  the 
machine  may  be  worked,  no  signs  of  excitation  can  be  pro- 
duced ;  the  electricity  collected  from  the  glass  by  the  prime 
conductor,  passing  along  the  chain  or  wire  to  unite  with  that 
which  is  developed  on  the  rubber,  and  the  two  being  evolved 
in  equal  quantities  complete  neutralization  is  produced.  That 
bodies  similarly  electrified  repel  each  other,  is  shown  by  the 
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principle  of  this  instrument^  as  its  indications  of  free  electri- 
dty  depend  upon  the  stem  and  ball  being  both  excited  in 
the  same  vay^  and  the  repulsion  being  the  same,  whether  it 
be  fixed  upon  the  rubber  or  the  prime  conductor. 

To  prove  on  a  large  scale^  by  means  of  the  machine^ 
that  the  opposite  electricities  attract  each  other^  it  is  only 
necessary  to  place  in  connexion  with  the  conductor  on  each 
side  a  metallic  wire,  to  which  is  hung,  by  a  wetted  thread,  a 
ball  of  pith,  or  a  cylinder  of  gilt  paper.  When  the  machine 
is  turned,  the  balls  attract  each  other  across  the  cylinder, 
and  touching,  interchange  the  electricities  by  which  they  are 
excited,  and  thus  the  fluids,  separated  by  the  friction,  are  con- 
tinually recomposed,  being  brought  together  by  their  mutual 
attractions.  If  to  each  wire  there  be  hung  two  such  balls, 
those  of  each  side  will  be  seen  to  repel  each  other,  whilst  they 
move  towards  those  oppositely  excited.  Numerous  experi- 
ments of  an  amusing  kind,  which  it  would  be  foreign  to  my 
purpose  to  introduce,  are  founded  on  these  principles. 

There  have  been  now  noticed  four  methods  by  which 
bodies  may  be  electrically  excited.  1st,  hy  friction^  which 
is,  indeed,  the  only  true  direct  excitation..  Snd,  by  contact; 
as  when  an  insulated  brass  disk,  excited  by  friction,  is 
touched  to  another,  also  insulated  and  neutral ;  a  spark 
passes  between  them  at  the  moment  previous  to  actual  con- 
tact, and  the  first  is  found  to  have  divided  its  electricity 
with  the  second,  in  proportion  to  its  surface.  In  this  case 
the  two  bodies,  after  contact,  are  in  the  same  state  of  excita- 
tion. 3rd,  as  where  the  prime  conductor,  which  is  neither 
itself  rubbed,  nor  does  it  touch  the  cylinder  of  the  machine, 
yet  gathers  from  it  the  electricity  which  is  evolved  thereon, 
and  allows  it  to  be  transferred,  under  the  form  of  the  spark,  to 
other  bodies ;  and,  finally,  all  the  attractions  and  repulsions 
which  have  been  observed  indicate  a  power  of  action  and 
excitation  even  at  considerable  distances,  and  this  mode, 
which  results  from  the  attraction  and  repulsion  of  the  elec- 
tric fluids  for  each  other,  is,  when  examined,  foimd  really  to 
comprehend  the  second  and  third  modes  of  excitation,  by 
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contact  and  by  gathering  with  points.  There  are,  therefore, 
truly,  only  two  means  of  excitation^  this  at  a  distance,  wliich 
is  termed  induction,  and  that  hj  friction. 

It  is  not  difficult  to  understand  how  bodies  come  to  be 
excited  by  induction.  Let  us  consider  the  insulated  cylinders, 
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B  c,  as  being  neutral  and  having  their  natural  electricities  com. 
bined,  and  distributed  uniformly  over  their  surface.  If  a 
globe,  A,  excited,  say  with  positive  electricity,  be  brought 
near,  it  will  attract  the  opposite  electricity  of  b  to  the 
end  which  is  nearest  it,  and  repel  the  electricity  of  the 
same  name  to  the  farthest  extremity ;  both  electricities  of 
b  will  thus  become  free,  and  b  will  be  excited  by  the 
influence  of  the  electricity  of  the  body,  A,  at  a  distance ; 
and  the  condition  of  b  is  characterized  by  its  two  extremi- 
ties being  in  opposite  states,  and  hence  at  a  certain  point 
between  them,  perfect  neutrality  remaining.  The  positively 
excited  end  of  b  influencing  c,  in  a  corresponding  way, 
brings  it  also  into  an  excited  state,  and  this  communication 
of  action  would  go  on  through  any  number  of  bodies,  the 
force  set  free  being  regulated  by  the  law  of  the  inverse 
square  of  the  distance  from  the  original  disturbing  cause  at 
A.  As  long  as  a  remains  in  its  place,  the  state  of  electrical 
excitation  is  kept  up ;  if  a  be  totally  removed  the  natural 
electricities  of  each  body  recombine,  and  all  become  neutral; 
if  A  be  brought  very  close  to  b,  or  b  to  c,  the  attractions 
between  the  opposite  electricities  become  so  great  that  they 
unite  across  the  intervening  space  of  air,  and  a  spark  passes. 
The  bodies  are  then  found  to  be  in  the  same  state,  and  the 
communication  byxontact,  or  the  excitation  which  occurs^ 
is  shown  to  be  only  the  termination  of  the  inductive  action. 
For  suppose  that  a  had  10  parts  of  +  electricity,  and  that, 
by  induction,  it  set  free]  6  of  the  —  and  5  of  the  +  fluid 
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on  the  surface  of  the  body  b  ;  then^  when  the  spark  had 
passed,  the  —  5  destroying  +  5  of  the  body  a,  the  two 
bodies  should  remain  each  with  +  5,  and  thus  the  results 
of  contact  described  already  should  be  produced. 

The  distance  at  which  the  combination  of  the  electrici- 
ties of  the  inducing  and  the  induced  body  may  occur^  depends 
upon  the  intensity  of  the  fluids  collected  on  the  parts  of  the 
surface  nearest  to  each  other,  and  hence,  when  there  is  on  the 
body,  a  point  on  which  the  great  proportion  of  the  liberated 
fluid,  as  has  been  already  described,  becomes  accumulated, 
the  fluid  escapes  froifi  thence  before  it  is  in  sufficient  mass 
to  break  its  way  under  the  form  of  a  spark,  and  thus  the 
permanent  and  similar  excitation  of  the  body  silently  occurs. 
Tlus  is  the  true  theory  of  what  has  hitherto  been  described 
as  the  power  of  points  to  gather  and  to  disperse  the  electric 
fluid.  If  a  pointed  body  be  excited  by  friction  it  induces  an 
opposite  state  m  the  particles  of  air  by  which  it  is  surrounded, 
and  communicates  to  them  with  great  rapidity  the  charge 
which  it  had  receiyed.  The  prime  conductor  of  the  machine,^ 
being  insulated,  has  its  electricities  separated  by  the  inductive 
action  of  the  excited  glass  cylinder  or  plate;  the  negatiye  elec- 
tricity collected  on  the  points  turned  towards  the  glass,  escapes 
from  thence,  and  unites  with  the  positive  fluid  which  had 
been  set  loose  by  friction,  and  proportional  quantities  of  the 
positive  fluid  of  the  prime  conductor  being  left  free  upon  its 
surface,  it  serves  the  same  purpose  as  a  source  of  electricity 
as  if  it  had  come  directly  from  the  glass.  A  point  placed 
on  the  prime  conductor  prevents  the  accumulation  of  the 
electricity,  because  it  gives  the  +  to  the  air  as  fast  as  the 
other  points  give  the  —  to  the  glass;  a  point  held  near  the 
prime  conductor  also  prevents  its  excitation,  by  giving  to  it 
by  induction  —  electricity  as  fast  as  it  obtains  +  electricity 
from  the  glass  of  the  machine. 

In  all  these  cases  of  induction,  where  the  electricities 
attract  and  repel  each  other,  the  bodies  on  which  the  electri- 
cities are  collected  will  accompany  them  in  their  motions,  if 
they  be  not  too  heavy.    Hence  all  the  singular  motions  of 


192    THEORY  OF  THE  GOLD  LEAF  ELECTROSCOPE. 

bodies,  when  excited,  are  explained  upon  this  principle. 
The  variety  of  dancing  figures,  ringing  bells,  revolving 
wheels,  affrighted  heads,  and  so  on,  that  are  exhibited  in 
popular  lectures  on  this  subject,  will  serve  to  practise  the 
ingenuity  of  the  student  in  tracing  out  their  theory  in  the 
detail,  with  which  it  would  be  quite  improper  to  occupy 
this  work. 

The  theory  of  the  Bennefs  gold  leaf  electrometer,  with 
which  some  of  the  most  important  principles  of  statical  elec- 
tricity are  demonstrated,  must  not,  however,  be  omitted. 
When  an  excited  rod  is  brought  over  the  electroscope,  it 
separates  the  electricities  of  the  metallic  portions  of  the 
instrument,  attracting  the  opposite  to  the  upper  surface  of  the 
cap,  and  repelling  that  of  the  same  name  into  the  gold  leaves, 
which,  being  thus  excited  with  the  same  electricity,  repel  each 
other,  and  hence  diverge.  If  the  exciting  body  be  +  it  is 
the  +  fluid  by  which  the  instrument  appears  affected;  if  it 
be  —  the  leaves  diverge  from  the  presence  of  —  electricity. 
Hence  if  when  it  is  under  the  influence  of  a  glass  rod  rubbed 
with  silk,  a  stick  of  sealing  wax  which  had  been  rubbed 
with  flannel  be  brought  near,  the  divergence  diminishes, 
until  at  last  the  leaves  collapse  completely,  the  resin  having 
driven  down  as  much  negative  electricity  as  there  had  been 
positive  brought  into  action  by  the  glass,  and  hence  the  gold 
leaves  coming  into  their  natural  and  indifferent  condition. 
That  it  is  by  this  mductive  process  that  the  gold  leaves  act, 
may  be  thus  shown.  If  the  cap  of  the  electroscope  be  rubbed 
with  a  dry  silk  handkerchief  it  becomes  excited,  and  the 
leaves  diverge  with  negative  electricity ;  if  then  an  excited 
glass  rod  be  brought  near,  the  divergence  is  neutralized, 
showing  that  positive  electricity  had  been  sent  down  by  the 
glass ;  but  if  an  excited  resinous  body  be  approached,  the 
divergence  increases,  indicating  the  superaddition  of  elec« 
tricity  of  the  same  name,  from  the  inducing  power  of  the 
resin. 

If,  as  in  the  figure  (page  190),  the  cylinder  c  be  connected 
with  the  ground  by  means  of  a  wire  or  a  wetted  thread  d,  the 
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posidye  electricity  passes  from  ifchat  body  through  the  wire 
into  the   earth ,  where,  from  the  enormous  surface  of  the 
globe,  it  may  be  looked  upon  as  lost,  and  the  surface  of  c  is 
altogether  in  a  state  of  negative  excitation.     If  now  the  ex- 
citing body  A  be  taken  away,  the  quantity  of  positive  fluid 
returns  along  the  wu*e,  and  brings  the  body  c  into  its  neutral 
state ;  but  if  before  die  body  a  be  taken  away,  the  conduct- 
ing conmiunication  with  the  ground  be  cut  off  by  the  removal 
of  the  wire  or  thread,  the  body  c  cannot  get  its  positive  elec- 
tricity back,  and  hence  remains  in  a  state  of  negative  excita- 
tion. In  this  manner  a  substance  may,  by  induction,  be  made 
to  receive  a  permanent  charge.    This  is  often  useful  in  ex- 
periments with  the  electroscope,   and  the  manipulation  to 
charge  it  permanently  is  as  follows :  If  it  be  desired  to  charge 
it  positively,  an  excited  stick  of  resin  is  held  near,  and  the 
cap  of  the  electroscope  is  touched  with  the  finger.    The 
negative  electricity  then  escapes  by  the  hand  into  the  ground, 
and  the  positive  electricity,  accumulating  over  the  cap,  and 
leaves,  these  last  diverge.  On  then  removing  the  finger,  the 
leaves  are  insulated ;  and  when  the  stick  of  resin  is  taken 
away,  the  permanent  charge  remains.    To  charge  widi  nega-^ 
tive  electricity,  an  excited  glass  rod  is  to  be  used ;  and  it 
will  be  recollected,  that  where  the  charge  of  the  leaves  is 
temporary,  its  electricity  is  the  same  as  that  of  the  exciting 
body ;  but  where  the  charge  is  permanent,  the  electricity  is 
ofsm  opposite  kind. 

Ailer  the  exciting  body,  in  the  latter  instance,  has  been 
withdrawn,  the  divergence  of  the  gold  leaves  becomes  much 
greater  than  it  had  been  bei<Nre.  This  arises  from  the  charge 
being  increased  by  iisaction  on  the  surrounding  bodies,  parti- 
cularly onthe  glass  by  which  the  leavesare  enclosed.  By  taking 
advantage  of  the  increase  of  charge,  by  secondary  inductive 
action,  various  forms  of  the  electroscope  have  been  contrived 
for  rendering  it  more  sensible,  and  are  described  in  special 
treatises  on  electricity  under  the  name  otDoublers  and  Con* 
denser^.    As  they  do  not  add  anything  to  our  knowledge  of 
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principles^  and  have  no  peculiar  chemical  relations,  I  shall 
not  enter  on  their  further  consideration. 

One  of  the  most  interesting  instruments  in  statical  elec- 
tricity, founded  on  the  principle  of  induction,  is  the  Leyden 
Jar ;  so  called  from  the  city  where  its  con- 
struction was  discovered.  It  consbts  of  a  glass 
.  hottle,  which  is  coated  inside  and  outside,  to  a 
small  distance  from  the  top,  with  tin  foil,  and 
I  has  fitted  to  the  orifice  a  wooden  or  cork 
stopper,  through  which  passes  a  stout  wire, 
touching  at  the  bottom  the  internal  coat- 
ing, and  terminated  outside  by  a  metallic  knob.  When  this 
jar  is  insulated,  and  the  knob  is  touched  to  the  prime  con- 
ductor of  the  machme,  and  the  handle  turned,  the  positive 
electricity  passes  to  the  internal  coating  of  the  jar,  and  ex- 
cites it  to  an  equally  powerful  degree.  This,  then,  reacting 
by  induction  upon  the  electricities  of  the  external  coating, 
separates  them,  attracting  the  negative  to  the  side  next  the 
glass,  repelling  the  positive  to  the  outer  side.    The  position 

becomes,  therefore,  -| f- ;  and^  when  the  +  fluid  inside 

makes  up  by  its  greater  quantity  for  the  thickness  of  the  glass 
by  which  it  is  separated  from  the  —  fluid,  no  more  can  enter 
into  the  jar.  In  this  case  the  inside  of  the  jar  may  be  consi- 
dered as  being  merely  an  extension  of  the  prime  conductor; 
and  the  electricities  of  the  external  coating,  although  sepa- 
rated from  each  other,  are  only  in  the  quantities  which  had 
been  always  present.  But,  if  the  external  coating  be  con- 
nected with  the  ground,  the  4-  fluid,  being  repelled  by  that 
inside,  passes  away,  and  another  quantity,  entering  from  the 
prime  conductor  into  the  jar,  decomposes  a  new  quantity  of 
the  natural  fluids  of  the  external  coating,  of  which  also  the 
positive  escapes  and  the  negative  remains  behind,  held  by  the 
attraction  across  the  glass  to  the  positive  fluid  inside.  New 
quantities  of  positive  electricity,  entering  continuaHy  fit)m 
the  machine,  the  accumulation  of  negative  electricity  on  the 
outer  coatbg  proceeds,  until  the  tendency  of  the  two  to  com* 
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bine  is  so  intense  as  to  break  their  way  across  the  glass^ 
cracking  the  jar ;  or  to  creep  over  the  mouthy  from  the  edge 
of  one  coating  to  that  of  the  other^  and  thus  the  jar  to  dis- 
charge itself.  To  discharge  a  jar^  in  which  the  electricities 
are  so  accumulated^  it  is  only  necessary  to  connect  by  a  wire 
the  internal  and  external  coatings ;  when  the  extremities  of 
the  wire,  which  are  generally  terminated  by  brass  balls,  ap- 
proach, a  large  brilliant  spark  passes,  accompanied  by  a  loud 
report,  and  the  jar  returns  to  its  original  neutral  state- 
By  thus  collecting  great  quantities  of  electridQr  in  large 
jars,  or  in  sets  of  jars  (electrical  batteries),  the  most  beautiful 
and  remarkable  phenomena  of  electrical  force  may  be  exhi- 
bited. 

The  principle  of  the  construction  of  the  Ley  den  jar  may 
be  experimentally  demonstrated,  as  follows.  First,  it  has 
been  already  explained,  that  the  jar,  when  insulated,  is  inca- 
pable of  receiving  any  other  charge  from  the  machine,  than 
what  its  internal  coating  obtains  by  forming  part  of  the  sur- 
face of  the  prime  conductor ;  the  principle  of  induction 
requiring,  in  order  that  one  electricity  may  accumulate  upon 
its  outer  surface,  the  other  shall  be  dissipated  on  the  ground. 
Second,  a  light  body  placed  between  two  balls,  connected, 
one  with  the  internal,  and  one  with  the  external  coating,  is 
alternately  attracted  and  repelled  by  each,  and  thus  the 
accumulation  on  the  two  coatings  is  shown  to  be  of  opposite 
kinds.  Third,  the  quantity  of  electricity  which  passes  from 
the  external  coating  may  be  shown  to  be  equal  to  that  which 
passes  into  the  internal  coating  from  the  machine,  by  insu- 
lating the  jar,  aind  applying  the  knob  of  a  second  jar  which 
is  not  insulated  to  its  outer  surface ;  this  second  jar  will  be 
found  charged  to  the  same  degree  as  the  first,  and  the  inner 
and  outer  coatings  will  be  respectively  in  the  same  state. 

Statical  electricity,  thus  accumulated  in  the  Leyden  jar, 
is  capable  of  giving  violent  shocks  to  the  animal  frame,  of 
evolving  light  and  heat,  and  producing  also  powerful  me- 
chanical effects. 

An  instrument  founded  on  the  principle  of  induction,  and 
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which  is  of  frequent  use  in  chemical  experiments,  when  an 
electric  spark  of  moderate  power  is  required^  is  the  electro- 
phorus  of  Volta*  It  consists  of  a  flat  cake  of  resin  i,  which  is 
generally  spread  on  a  circular  board,  of  eight  or  ten  inches 
diameter.  There  is  laid  on  this  another  circular  plate  a,  some- 
what smaller,  and  which  may  be  either  of  brass  or  tinned 
iron,  with  the  edges  turned  up  over  a  thick  wire,  so  as  to 
round  it^  or  a  board  covered  with  tin  foil.    To  this  upper 
plate  is  attached  an  insulating  handle  of  glass  e,  and  from  its 
edge  projects  a  wire,  terminated  by  a  knob.    The  resinous 
plate,  being  warmed,  is  to  be  strongly 
excited  by  friction  with  a  warm  flannel 
cloth,  or  a  cat's  skin,  and  then  the 
upper  plate  is  to  be  laid  on  it,  and  is 
touched  with  the  finger.     The  nega* 
tive  electricity  of  this  passes,  then,  into 
the  ground,  and  the  positive  accumulates  on  the  surface  next 
the  resin,  of  which  it,  by  induction,  increases  the  negative 
charge.    This  new  portion  of  negative  fluid  decomposes  a 
new  quantity  of  the  electricities  of  the  upper  plate,  which 
again  reacts,  and  thus  the  plates  are  mutually  brought  into 
a  state  of  very  intense  excitement    If,  then,  the  finger  be 
removed,  the  upper  plate  is  insulated,  and  its  charge  of 
positive  electridty  retained  upon  it ;  and  on  applying  the 
knob  of  the  wire  to  any  conductor,  or  to  the  knuckle>  a 
strong  spark  may  be  obtained  from  it ;  the  instrument  may 
be  repeatedly  charged  and  discharged  in  a  few  minutes,  and 
retains  its  charge  better  than  the  electrifying  machine. 

This  inductive  action  of  electricity  would,  at  first,  appear 
to  be  exercised  at  a  distance,  altogether  independent  of  the 
interposed  substances,  and  to  produce  the  motions  to  which 
it  gives  rise,  as  gravity  causes  the  revolutions  of  the  planets 
and  their  satellites,  without  the  existence  of  any  interposed 
medium ;  but  a  more  exact  examination  shows  that  this  is 
not  the  case.  The  substances  interposed  in  the  path  of  the 
inductive  action  are  necessary  to  its  transmission,  and  mo- 
dify, by  their  nature,  its  direction  and  amount ;  and  it  is^ 
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indeed,  only  from  molecule  to  molecule  of  any  substance 
gaseous  or  solid,  that  the  decomposition  of  the  natural  elec- 
tricities can  take  place. 

This  may  be  beautifully  shown,  by  plunging  in  a  vessel 
of  oil  of  turpentine,  which  is  an  excellent  fluid  insulator,  two 
brass  balls,  of  which  one  is  in  connexion  with  the  electrical 
machine,  and  the  other  with  the  ground.     On  turning  the 
machine,  the  latter  becomes  excited  by  induction.     If  now  a 
number  of  short  shreds  of  sewing  silk  be  mixed  with  the  oil 
of  turpentine,  the  mechanism  of  the  inductive  action  is  shown 
by  each  little  bit  of  silk  acting  like  the  bodies  b  and  c  in  the 
figure,  (p.  190),  and  attaching  themselves  mutually  by  their 
extremities,  they  transmit  the  electricity  of  the  machine,  by 
a  series  of  decompositions,  to  the  ball  which  is  connected 
with  the  ground.    If  the  excitation  be  very  violent,  the  at- 
tractions and  repulsions  become  too  strong  to  be  regularly 
transmitted ;  and  this  induction  is  accompanied  by  a  pow- 
erfbl  current  of  the  particles  of  the  oil  from  the  first  ball  to 
the  second.    The  particles  immediately  in  contact  with  the 
directly  excited  ball  acquire  its  state,  and,  being  repelled, 
immediately  pass  ofi*  to  that  which  has  obtained,  by  induc- 
tion, the  opx>osite  condition,  and  there  become  neutraUased. 
Now  what  here  occurs  with  the  oil  of  turpentine,  takes  place 
in  ordinary  induction  with  the  air  ;  every  molecule  of  it  in- 
terposed between  the  solid  bodies  becomes  itself  subjected 
to  the  inductive  action,  and  forms  a  chain  of  alternate  posi- 
tive and  negative  poles,  by  which  the  effect  may  be  trans- 
mitted to  any  distance.    If  the  excitation  be  very  great,  the 
neutralization  may  occur  with  violence  and  rapidity,  and 
generate  currents,  as  in  the  oil  of  turpentine.     It  is  these 
currents  which,  being  produced  by  the  repulsion  of  the  par- 
ticles of  air  from  excited  points,  are  rendered  sensible  in 
the  efiTect  termed  the  electriccd  aura,  and  are  shown  by  the 
experiments  of  revolving  flies.     A  still  more  violent  and 
rapid  recomposition  of  the  electricities  of  the  air  molecules, 
which  had  been  separated  by  induction,  gives  the  electric 
spark  in  its  various  forms,  such  as  the  star,  the  brush,  &c.. 
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according  to  the  manner  in  which  it  b  received  and  gene- 
rated. 

That  the  excitation  by  induction  of  a  body  at  a  distance 
is  effected  in  this  manner,  from  particle  to  particle  of  the  in- 
terposed substance,  is  beautifully  shown  in  the  results  ob- 
tained by  Faraday,  concerning  the  influence  of  the  nature 
of  the  medium  on  the  amount  of  inductive  charge  transmitted. 
The  instrument  which  he  has  termed 
an  indticlometer,  consists  of  a  hollow 
sphere  of  brass  aab^  and  a  sphere  of 
smaller  size,  h,  also  of  brass,  which 
is  placed  exactly  concentric  with  it 
The  interval  between  these,  o  o,  may 
be  occupied  by  any  substance,  as  air, 
or  glass,  or  sulphur,  and  then  the 
central  sphere  being  insulated  from 
the  outer  by  the  shell-lac  column  b, 
and  having  been  excited  from  the 
machine,  through  the  ball  and  wire 
B,  the  outer  one  is  uninsulated,  and 
the  whole  becomes  a  Leyden  jar,  in 
which  the  material  may  be  varied  at 
the  will  of  the  experimenter.  By 
means  of  the  tube  and  stopcock  fd, 
the  air  in  o  o,  may  be  removed  and  any  other  gas  substituted 
for  it.  The  outer  sphere  opens  at  b  in  two,  so  that  melted 
sulphur  or  shell-lac,  may  be  poured  in  to  form  the  inductive 
medium. 

When  the  internal  sphere  is  excited  always  to  the  same 
degree,  the  charge  of  the  external  coating  should  be  the 
same,  no  matter  what  might  be  the  nature  of  the  intervening^ 
substance,  if  the  action  took  place  simply  at  a  distance  after 
the  manner  of  gravitation.  But  this  is  not  the  case.  With 
the  same  internal  charge,  the  excitation  of  the  external 
sphere  was  found  to  be,  that  with  air  being  100,  with  shell- 
lac,  150,  with  flmt-glass,  176,  and  with  sulphur,  224.    In 
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these  casesy  therefore,  the  molecular  excitation  was  transndt- 
ted  in  proportion  to  these  numbers,  which  express,  therefore^ 
the  degree  of  excitation,  that  a  common  amount  of  inductive 
inflaence  is  able  to  produce  in  masses  of  these  bodies.  All 
gases,  no  matter  how  different  in  chemical  properties  and 
constitution,  eyen  though  the  temperature^  and  pressure  do 
not  remain  the  same,  possessed  the  same  specific  inductive 
capacity  as  air. 

Iliis  principle  is  further  shown  in  an  interesting  manner 
by  the  fiict,  that  the  induction  is  not  exercised  only  in  the 
straight  line  connecting  the  solid  inducing  and  induced  bo- 
dies, but  that  at  every  intervening  point  there  is  a  lateral 
action  exerdsed  by  the  interposed  molecules  of  air  which 
may  be  themselves  considered  centres  of  inductive  force. 
Thus,  if  a  cylinder  a  of  shell-lac  be  excited  by  friction  and 
a  brass  hemisphere  h,  placed  on  top  of  it,  the  intensity  of  the 
induced  electricity  will  be  found  to  depend 
not  merely  on  the  distance  from  the  excited 
source  and  the  nature  of  the  interposed 
material,  but  to  be  more  energetic  in  cer- 
tain positions  in  the  air,  as  when  the  carrier 
ball  of  Coulomb's  torsion  electrometer  was 
placed  at  o,  than  when  it  was  lower  or 
higher  at  n  or  jp. 

Faraday  has  been  led  by  his  experi- 
ments to  conclude,  that  the  difference  be- 
tween conducting  and  non-conducting  bo- 
dies is,  that  the  former  assume  with  exceeding  rapidity,  un- 
der an  inductive  influence,  this  condition  of  molecular  exci- 
tation, and  hence  appear  to  allow  the  electricity  to  pass,  ac- 
tually and  instantly,  through  their  substance,  whereas  in  reality 
it  is  only  that  the  separation  and  recomposition  of  the  elec- 
tricities of  the  chain  of  molecules  has  been  so  accomplished. 
They  lose  also  this  condition  as  soon  as  the  exciting  cause  has 
been  removed,  whereas,  non-conductors,  when  their  parti- 
cles have  acquired  electrical  excitation,  remain  in  that  state 
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of  tension  for  a  certain  time.  Thus,  if  the  internal  and  ex- 
ternal coatings  of  a  Leyden  jar  were  connected  by  a  metallic 
wire,  the  inductive  action  should  be  propagated  immediately 
across  it;  but  the  instant  that  the  source  of  the  excitation 
was  removed,  the  electricities  of  the  two  coatings  should  re- 
combine,  from  the  facility  with  which  the  molecules  of  the 
wire  could  assume  the  inverse  condition.  But  with  an  in- 
terposed plate  of  glass  the  result  is  different,  the  inductive 
action  is  propagated  equally,  but  more  slowly ;  and  that  it  is 
the  particles  of  the  glass  that  really  produce  the  charge  by 
their  excitation,  is  demonstrated  by  the  fact,  that  the  metal- 
lic coatings  may  be  removed,  and  yet  the  accumulated  elec- 
tricities be  not  disturbed;  the  tin-foil  serving,  only,  to  discharge 
at  the  same  moment  every  particle  of  the  glass,  as  if  a  wire  had 
been  individually  applied  to  each.  That  the  induction  has 
acted  on  the  substance  of  the  glass,  explains  also  the  pecu- 
liarity of  what  is  called  the  secondary  or  residual  charge. 
When  the  particles  at  the  surface  have  been  discharged, 
they  are  acted  on  by  the  deeper  molecules  which  are  still  ex- 
cited, and  hence  acquire  a  second  inductive  charge,  and  with 
thick  glass,  and  particularly  with  bodies  which  do  not  insu- 
late quite  so  well  as  glass,  there  may  be  even  a  third  or  a 
fourth  charge  of  this  kind. 

Conduction  is  therefore  only  the  highest,  most  intense, 

and  most  rapid  form  of  induction;  and  it  appears  from  Farar 

day's  investigations,  that  the  permanent  excitation  of  an  elec- 

'  trified  body  has  its  its  origin  also  in  the  inductive  influence 

of  the  bodies  that  are  around. 

The  source  of  the  electricity  evolved  by  the  electrical 
machine,  cannot  be  considered  as  being  positively  known. 
Wollaston  instituted  a  series  of  experiments,  by  which  it  ap- 
peared to  be  demonstrated,  that  there  was  no  electricity  evolved 
except  where  chemical  combination  took  place,  and  the  su- 
perior power  given  to  the  machine  by  the  amalgam  of  tin  and 
zinc  being  spread  upon  the  rubber  was  supposed  to  verify 
this  idea.  These  experiments  of  Wollaston  have  been  latterly 
repeated  with  great  care  by  Peltier,  and  with  difierent  results; 
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he  found  that  the  electricity  evolved  was  proportional  only 
to  the  amount  of  friction,  and  was  the  same  under  various 
drcumstances  of  liability  to  the  presence  or  absence  of  che- 
mical action  of  the  materials  rubbed.  It  is  therefore  Ukely 
that,  at  least,  the  electricity  of  the  machine  may  be  generated 
by  the  simple  molecular  derangement  and  vibration  which 
firiction  necessarily  produces ;  and  this  view  is  very  much 
supported  by  the  undeniable  fact,  that  by  other  agencies 
purely  molecular,  where  no  trace  of  chemical  action  canf  be 
pretended,  the  same  form  of  statical  electricity  may  be  pro- 
duced. 

In  almost  all  cases  where  the  particles  of  bodies  are 
suddenly  and  violently  disarranged,  the  separated  surfaces 
are  found  to  be  electrically  excited  ;  for  instance,  if  a  piece 
of  mica  be  torn  into  thin  leaves,  these  are  powerfully  elec- 
tric.   In  many  mineral  substances,  a  change  of  temperature 
causes  a  manifestation  of  electrical  polarity  in  a  very  remark* 
able  degree  ;  thus,  if  a  long  prism  of  tourmaline  be  heated, 
one  extremity  becomes  positive  and  the  other  negative ; 
when  the  temperature  attains  its  highest  point  and  becomes 
stationary,  all  symptoms  of  electricity  disappear,  but  on 
cooling  they  return ;  in  the  inverse  order,  however,  the  end 
which  had  been  positive  becoming  negative,  and  so  on.  In 
this  case  it  appears  as  if  the  particles,  in  the  internal  motion 
which  the  expanding  force  of  heat  produces  in  them,  acquired 
the  same  condition  of  polarity,  as  they  would  have  done  by 
an  external  friction.    If  the  expansive  effect  of  heat  and  the 
consequent  change  of  position  among  the  particles  of  the 
tourmaline  had  been  the  same  throughout,  there  would  have 
been  no  reason  for  electrical  disturbance,  but  this  mineral, 
and  some  others  which  Ukewise  become  electric  on  being 
heated,  as  boracite,  are  exceptions  to  the  general  law  of 
crystalline  symmetry,  .and  in  other  respects,  as  with  regard 
to  light,  indicate  a  kind  of  structure,  which  is  very  complex 
and  peculiar.    In  such  cases,  an  internal  friction,  by  the 
action  of  expansion  on  the  unsymmetrically  situated  mole- 
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cules  of  the  crystal  is  the  origin  of  the  electrical  excita- 
tion. 

The  source  of  statical  electricity,  which  is  of  the  greatest 
importance  in  nature,  from  the  universality  of  its  action,  is 
that  of  change  of  state  of  aggregation.    When  any  body 
passes  from  the  liquid  to  the  solid,  or  from  the  liquid  to  the 
vaporous  condition,  or  in  the  reverse  order,  from  being  solid 
or  being  gaseous  becomes  liquid,  disturbance  of  the  previous 
electrical  equilibrium  results.     Thus,  if  a  little  melted  sul- 
phur be  poured  into  a  glass,  or  if  melted  tallow  or  resin  be 
poured  out  on  a  metallic  plate,  the  bodies  after  solidification 
will  be  found  excited.    If  a  cup  of  water  be  placed  on  the 
plate  of  the  electroscope,  and  a  red  hot  ball  of  metal,  or 
even  a  red  hot  cinder  be  dropped  into  it,  the  gold  leaves 
immediately  diverge  by  the  influence  of  the  negative  excite- 
ment which  is  assumed  by  the  water  which  remains,  and 
which  communicates  itself  to  the  metallic  cup  and  to  the  in- 
strument ;  if  the  gush  of  vapour  had  been  allowed  to  im- 
pinge on  the  plate  of  another  instrument,  it  would  have 
shown  excitation  by  positive  electricity.     This  last  is  one  of 
the  most  abundant  sources  of  electricity ;  for,  as  at  all  ordi- 
nary temperatures,  evaporation  takes  place  from  the  surface 
of  all  the  water  of  the  globe,  and  the  vapour  produced,  carry- 
ing with  it  the  prodigious  quantity  of  positive  electricity^ 
which  is  thus  set  free,  mixes  with  the  air,  our  atmosphere 
is  almost  continually  in  an  electrical  condition,  generally  po- 
sitive, but  at  some  times,  from  interfering  causes,  negative. 
The  great  body  of  vapour,  when  condensed  by  the  more 
elevated  and  colder  regions  of  the  air,  collects  into  the  pecu- 
liar condition  which  constitutes  a  mass  of  cloud;  and  therein 
is  thus  concentrated  all  the  electricity  evolved  by  evaporation 
at  the  surface.    The  clouds  are,  therefore,  intensely  electric ; 
and  when  attracted  by  induction  to  each  other,  or  to  some 
prominent  object  on  the  earth,  as  a  mountain  peak,  or  an 
elevated  building,  the  discharge  and  neutralization  of  the 
electricities  take  place  with  the  brilliancy  and  destructive 
agency  of  the  lightning,  whilst  the  report,  re-echoed  from 
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the  surfaces  of  the  remaining  clouds^  or  by  the  sides  of  the 
adjacent  mountains^  produces  the  effect  upon  the  ear  of  the 
continaoas  rattle  of  the  thunder. 

There  is  no  doubt,  however,  but  tliat  in  many  cases  of 
chemical  combination  and  decomposition  electricity  in  its  sta- 
tical form  may  be  evolved  ;  thus,  Pouillet  proved  dedsively, 
that,  when  charcoal  is  burned,  the  carbonic  acid  which 
passes  off  is  in  a  state  of  positive  excitement,  and  the  residual 
mass  of  charcoal  becomes  negatively  charged.  YHien  hydrogen 
bums  in  air,  the  vapour  of  water  carries  off  the  positive  elec- 
tricity ;  whilst  the  negative  fluid  distributes  itself  on  the 
hydrogen  remaining,  and  the  vessel  from  which  it  issues. 
There  is  thus,  in  the  combustion  of  our  ordinary  fuel,  a  vast 
source  of  the  electricity  of  our  atmosphere,  in  addition  to 
that  evolved  by  water  in  evaporating :  and  it  has  been  found 
that  the  evaporation  of  a  saline  solution,  as  sea  water,  pro- 
duces a  much  greater  degree  of  excitement  than  when  the 
water  is  completely  pure,  owing,  perhaps,  to  the  destruction 
of  the  condition  in  which  the  salt  and  water  had  been  united. 
The  evolution  of  statical  electricity  occurs  also  when  the  che- 
mical action  is  of  a  much  more  complex  and  obscure  kind : 
thus,  in  the  growth  of  a  seedling  plant,  the  carbonic  acid  which 
it  evolves  is  in  a  positively  excited  state,  and  the  substance 
in  which  the  seed  is  imbedded  becomes  negative.  It  would 
appear,  however,  that,  frequently,  electricity  that  had^been 
imagined  to  arise  from  the  chemical  relations  of  the  bodies 
brought  into  contact,aro8e  from  their  merely  mechanicalaction 
on  each  other ;  thus,  the  electricities  produced  by  sifting 
fime  and  oxalic  acid  together  on  the  plate  of  the  electro- 
meter are  produced. 

The  mere  contact  of  bodies  has  been  supposed  sufficient 
to  evolveelectricityupon  theirsurface.  The  trace  of  excitation 
in  such  experiments  is  so  small,  and  diminishes  so  much  in 
proportion  as  care  is  taken  to  avoid  friction  and  other  causes, 
that  we  may  consider  contact  as  being  in  itself  without 
power. 

The  remarkable  characteristic  of  statical  electricity,  deve- 
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loped  by  any  of  these  methods,  is  the  amazing  energy  of  its 
action  on  bad  conductors,  and  on  the  best  conductors,  if  their 
substance  be  not  of  sufficient  mass  to  give  it  free  passage 
from  one  point  to  another ;  whilst  it  is  only  with  difficulty 
that  we  can  obtain,  by  means  of  it,  the  slightest  chemical  de- 
composition. In  the  language  of  the  theory  of  electrical 
fluids,  the  electricity  is  developed  in  exceedingly  small  quan- 
tities by  friction  or  change  of  aggregation ;  and  hence  can 
perform  but  feebly  such  offices,  as  chemical  decomposition, 
which  depend  on  the  quantity  that  passes  in  a  given  time; 
but  this  small  quantity  is  gifted  with  immense  tension;  the 
few  molecules  which  become  polarized  are  so  to  an  intense 
degree,  and  the  attractive  and  repulsive  forces  which  they 
exert  are  then  sufficient  to  cause  the  greatest  mechanical 
effects. 

SECTION  II. 

OF  DYNAMICAL  ELECTRICITY.    . 

The  sources  from  which  electricity  is  derived  in  a  continually 
circulating  form,  so  that  its  properties  shall  result  from  its 
uninterrupted  motion,  must  necessarily  consist  in  arrange- 
ments from  which  all  insulating  substances  are  to  be  carefully 
excluded.  In  statical  electricity,  the  connexion,  by  a  con- 
ducting medium,  of  the  opposite  extremities  of  an  inductively 
excited  body,  caused  all  electrical  indications  instantly  to 
disappear ;  whilst  that  kind  of  connexion  is  absolutely  neces- 
sary to  the  continuous  flowing  of  the  electricity,  which  con- 
stitutes its  dynamical  condition,  and  when  the  conducting 
circle  is  broken  by  the  intervention  of  the  smallest  portion  of 
insulating  matter,  either  all  electrical  excitation  ceases,  or  at 
most  a  feeble  trace  of  it  remains,  with  the  properties  which 
characterize  its  statical  condition. 

1st.  Electricity  thus  circulating  through  conductors,  in 
found  natur  illy  existing  in  those  substances  which  thereby 
possess  magnetic  properties.  There  is  every  reason  to  beUeve 
that  the  native  loadstone,  as  well  as  all  our  artificial  steel  and 
iron  magnets,  are  closed  circles  of  dynamical  electricity,  set 
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in  motion  by  forces  wbich  depend  on  the  chemical  and  me- 
chanical constitution  of  these  bodies.  2nd.  When  any  closed 
conducting  circuit  is  at  the  same  time  unequal  in  mechanical 
constitution  and  in  temperature,  so  that  the  current  may  pass 
more  easily  through  one  point  than  another,  such  a  current 
is  generated  flowing  from  the  portion  where  the  obstacle  is 
greatest,  to  that  part  where  it  is  least.  3rd.  When  sub* 
stances,  capaUe  of  mutual  chemical  combination  or  decom- 
positionj  act  on  one  another,  there  is  a  current  of  electricity 
produced.  In  the  case  of  simple  union,  or  double  decompo- 
sition,  the  circle  is  internally  closed,  like  that  of  a  steel  mag- 
net ;  but  where  there  is  simple  decomposition,  or  replace- 
ment, the  current  may  be  directed  through  any  kind  .of  cir- 
cmt ;  and  thus  constituting  the  most  important  branch  of 
dynamical  electricity,  is  called  Galvanism  or  Voltaism,  from 
the  names  of  its  most  illustrious  investigators. 

4th.  By  means  of  organized  structures,  of  which  it  is  only 
lately,  by  the  researches  of  Matteucci,  that  the  true  nature 
and  functions  have  become  known,  certain  fishes  possess  the 
power  of  transmitting  a  current  of  electricity  across  even  im- 
perfect conductors,  and  employ,  instinctively,  the  effect  of 
this  current  upon  the  living  frame  of  smaller  animals,  in  order 
to  obtain  them  for  food.  The  identity  of  the  electricity  from 
this  animal  origin,  with  the  fluid  of  the  other  dynamic  sources, 
has  been  completely  proved,  particularly  by  Faraday ;  and  as 
the  question  of  the  anatomical  structure  of  the  electric  organ, 
and  of  the  peculiar  part  of  the  brain  from  which  the  electric 
nerves  arise,  interests  the  physiologist  rather  than  the  che- 
mist, I  shall  merely  state,  that  the  current  so  obtained  pos- 
sesses all  the  properties  that  will  be  described  as  characte- 
rizii^  galvanic  electricity  of  very  h^  tension,  and  allude  no 
further  to  it 

To  the  chemist,  the  electricity  of  the  Galvanic  or  Voltaic 
battery  is  the  most  interesting  of  all  the  forms  which  this 
agent  may  assume,  from  the  intimate  relation  which  exists 
between  it  and  the  force  by  which  the  elements  of  bodies  are 
bound  together  in  chemical  combbation.    To  it,  therefore. 
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I  shall  especially  direct  attention,  and  consider  the  remaining 
sources  only  so  far  as  the  electricity  which  they  yield  may 
differ  from  it.  I  shall  endeavoori  also,  to  consider  it  only  as 
characterizing  bodies  by  their  properties  of  exciting  the  cur- 
rent, or  of  conducting  it  when  excited ;  deferring  the  import- 
ant topic  of  the  action  of  the  current  upon  compound  bodies, 
until  the  nature  of  chemical  affinities  has  been  described. 

Galvanic  EleetricUy. — The  manner  in  which  this  form  of 
excitation  occurs  may  be  very  simply  shown.  If  a  slip  of  per- 
fectly pure  zinc  be  partly  immersed  in  a  cup 
of  dilute  muriatic  acid,  this  last  remains  totally 
without  action  on  it,  and  there  is  no  appear- 
ance of  electrical  disturbance ;  but  if  a  slip  of 
copper  be  introduced  which  touches  the  zinc 
at  c,  out  of  the  liquid,  active  decomposition  of  the  mu- 
riatic acid  begins,  the  chlorine  combining  with,  and  dis- 
solving the  metallic  zinc,  and  the  hydrogen  making  its 
appearance  under  the  form  of  minute  bubbles  on  the  surface 
of  the  copper.  At  the  same  moment  a  remarkable  state  of 
electrical  excitation  is  produced,  in  which  the  zinc  resembles 
a  body  to  which  negative  electricity,  in  a  state  of  exceedingly 
low  tension,  is  uninterruptedly  supplied,  whilst  an  equal 
quantity  of  the  positive  fluid  flows  along  the  copper,  and 
these  uniting  at  the  point  of  contact,  produce  the  effects 
which  are  spoken  of  as  those  of  the  electric  current,  the 
passage  of  which  may  be  rendered  evident  in  a  great  variety 
of  ways. 

The  precise  manner  in  which  the  electrical  excitement  is 
here  produced,  may  be  explained  sufficiently  well  without 
involvmg  any  consideration  of  the  theory  of  chemical  de- 
composition, which,  at  the  present  moment,  would  require  a 
knowledge  of  principles  that  have  not  been  as  yet  described. 
We  may  suppose,  simply,  that  the  chemical  relations  of  the 
zinc  and  muriatic  acid  are  such,  that  when  placed  in  contact 
they  mutually  induce  on  each  other  a  development  of  elec- 
tricity :  that  part  of  the  zinc  which  is  immersed  becoming  -|- 
and  that  out  of  the  acid  — ,  whilst  the  molecules  of  the  acid 
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Bear  the  unc  become  — ,  and  the  general  mass  of  the  fluid 
obtains  +  excitation ;  the  +  electricity  of  the  zinc  being,  how- 
ever, balanced  between  the  fluids  of  its  own  mass  and  of  the 
acid^  and  the  —  fluid  of  the  acid  being  in  equilibrium  between 
the  4-  fluids  of  the  zinc  and  of  its  own  particles,  it  results  that 
this  condition  of  induced  excitation  may  remun  for  any  length 
of  time  without  increasing  or  diminishing  in  intensity ;  the 
apparatus  being  in  the  condition  of  a  very  feebly  charged 
Leyden  jar:  and  on  applying  the  slip  of  copper  by  which  the 
excited  sur&ces,  the  zinc  and  acid,  are  placed  in  communi- 
cation, the  negative  electricity  of  the  zinc  unites  with  the 
positive  of  the  copper,  whether  by  direct  translation  or  by 
inductive  action,  and  the  positive  electricity  of  the  liquid 
unites  with  the  negative  of  the  copper  to  produce  neutrali- 
zation ;   at  the  same  time  the  +  of  the  zinc  and  the  —  of 
the   acid  combine.     As,  on  the  theory  of  Franklin,  the 
single  electric  fluid  is  supposed  to  pass 
from  the  body  which  is  positively  to  the 
body  which  is  negatively  excited,  it  is 
usual  to  imagine  this  exchange  of  elec- 
tricities to  take  place  by  a  current,  which 
in  this  case,  as  shown  by  the  arrows  in  the 
figure,  is  from  the  copper  to  the  zinc,  at 
the  superior  junction,  but  from  the  zinc 
to  the  copper  in  the  acid  underneath.    At  every  moment, 
according  as  the  neutralization  of  the  electricities  is  effected, 
the  system  is  competent  to  generate  new  quantities,  and 
hence  the  analogy  of  the  weakly   charged  Leyden  jar, 
noticed  above,  does  not  completely  hold,  for  to  be  accurate 
it  would  require  the  jar  to  possess  a  power  of  charging 
itself  as  rapidly  as  it  could  be  discharged. 

The  passage  of  the  current  is  accompanied  by  the  solu- 
tion of  the  zinc,  and  the  Uberation  of  the  hydrogen.  This 
hydrogen  accompanies  the  positively  electrified  molecules 
of  the  add  across  the  fluid,  and  is  discharged  under  the  form 
of  gas  upon  the  surface  of  the  copper  plate. 
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The  essential  elements  of  an  arrangement  by  which  a 
current  of  electricity  may  be  produced  are^  therefore  ;  firsts 
two  bodies^  one  simple  and  one  compound,  which  act  che- 
mically upon  one  another,  in  such  a  way  as  that  the  simple 
element  shall  be  substituted  for  a  constituent  of  the  other, 
which  shall  be  expelled ;  and  second,  a  conducting  substance, 
which  is  indifferent  in  a  chemical  point  of  view,  and  only 
furnishes  a  route  for  the  fluids  of  the  actual  elements  to  re- 
combine  continually  with  each  other.  In  the  example  given 
just  now  this  conductor  was  a  slip  of  copper,  but  it  may  be 
of  any  form,  or  almost  any  substance,  thus 
as  in  the  figure,  a  wire  maybe  soldered  to  the 
end  of  each  slip,  and,  on  bringing  these  wires 
into  contact  at  x,  the  current  passes  precisely 
as  if  the  contact  of  z  with  c  had  been  di- 
rect. Such  an  arrangement  is  termed  a  simple 
X  circle. 

It  is  not  even  necessary  that  the  conductor  should  be  soUd 
or  metallic,  it  is,  indeed,  only  for  convenience  that  the 
ordinary  conducting  plates  and  wires  are  metallic.  Thus,  in 
the  figure,  az  w,  a  plate  of  zinc  is  in  contact  on 
the  one  side  with  muriatic  acid,  a,  and  on  the 
other  with  water,  w,  to  which  a  better  con- 
ducting power  has  been  given  by  dissolving  in 
it  a  little  common  salt.  The  current  is  then 
established,  being  from  the  conductor  to  the 
zinc,  and  from  the  zinc  to  the  acid,  precisely  as  in  the  former 
instances. 

The  passage  of  the  current,  under  there  various  circum- 
stances, may  be  shown,  and  also  that,  for  its  origin  and 
transfer,  metallic  communication  between  the  plates,  z  and  c, 
is  not  necessary,  by  a  very  simple  experiment.  If  the  slip  of 
zinc  be  bent,  as  in  b,  and  a  bit  of  paper  moistened  with 
iodide  of  potassium  be  laid  upon  it,  and  the  wire  from  a  be 
then  brought  to  touch  the  upper  surface  of  the  moistened 
paper,  the  current  passes  in  the  direction  of  the  arrow,  and 
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iodine  is  evolved  at  the  point  of  contact  of  the 
wire.  If  the  surface  of  the  paper  next  the  zinc 
plate,  B,  be  examined,  it  will  be  found  to  be 
alcaline,  from  free  potash.  Thus  the  chemical 
action  of  the  current,  which  will  hereafter  as- 
sume so  important  a  position,  may  here  be 
simply  used  as  a  test  of  its  having  passed. 
The  direction  of  the  current  depends  upon  the  nature  of 
the  chemical  action  which  is  produced  at  the  period  of  its 
passage,  and  on  this  principle  is  founded  one  of  the  most 
cogent  and  reasonable  arguments  in  favour  of  the  idea  that 
the  current  is  produced  by  the  chemical  decomposition,  and 
notby  the  contact  of  the  metals,  as  has  been  maintained.  Thus 
if  a  slip  of  iron  and  a  plate  of  copper  be  immersed  in  muriatic 
acid,  the  action  is  altogether  on  the  iron,  and  the  current 
passes  from  the  copper  to  the  iron  at  the  point  of  contact. 
But  if  tbe  metals  be  immersed  in  a  strong  solution  of  am« 
monia,  which  acts  upon  the  copper,  but  not  upon  the  iron, 
the  current  is  produced  in  the  reverse  direction.  If  persul- 
phuret  of  lime,  dissolved  in  water,  be  used  as  the  exciting 
flmd  with  iron  and  copper,  the  current  is  from  the  copper  to 
the  iron  through  the  fluid ;  but  on  using  zinc  and  copper 
with  the  same  fluid  the  direction  of  the  current  is  reversed ; 
ia  the  first  case  the  copper,  and  in  the  last  the  zinc  is  acted 
on:  with  add  solutions  the  copper  would  have  escaped 
action,  and  the  current  should  be  in  both  cases  from  the 
iron  or  aanc,  to  it,  through  the  liquid. 

It  thus  appears  that  the  relation  between  the  current 
and  the  chemical  Action  is  of  the  most  intimate  nature  possible, 
the  one,  as  Faraday  and  others  have  decisively  shown,  can- 
not exist  in  such  arrangements  without  the  other,  and  the 
nature  and  tendencies  of  one  determme  the  power  and  the 
direction  of  the  other;  for  the  quntity  of  electricity  which 
is  sel  in  motion  in  such  an  arrangement  depends  strictly  on 
the  amount  of  chemical  decomposition  which  occurs  in  the 
liquid  element,  and  is  simply  proportional  to  it* 
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It  ia  usual  to  arrange  the  various  bodies  in  a  list  with 
relation  to  a  fluid,  in  which,  if  they  be  immersed  and  brought 
to  touch  outside,  a  current  is  generated  from  that  of  the  two 
metals  which  stands  highest  in  the  scale  to  that  which  is 
below,  the  current  through  the  fluid  is,  of  course,  in  the  op- 
posite direction.  The  metals  arrange  themselves,  however, 
very  difierently  with  different  fluids,  according  to  their  lia- 
bility to  chemical  action  from  them,  as  may  be  seen  in  the 
following  table : 


Dilute  Nitric 
Aoid. 

Strong  Nitric 
Acid. 

Muriatic 
Acid. 

Solution  of 
CaosticPotath 

Yellow  Hydrotul- 
phuret  of  Potasaium. 

Platinum. 

Platinum. 

Platinum. 

Platinum. 

Platinum. 

Silver. 
Copper. 

Nickel. 
Silver. 

Antimony. 
Silver. 

Silver. 
Nickel. 

Iron. 
Nickel. 

Antimony. 
Bismuth. 
Nickel. 
Iron. 

Antimony. 
Copper. 
Bismuth. 
Iron. 

Nickel. 
Bismuth. 
Copper. 
Iron". 

Copper. 
Iron. 
Bismuth. 
Lead. 

Bismuth. 
Antimony. 
Lead. 
Silver. 

Tin. 
Lead. 

Tin. 
Lead. 

Lead. 
Tin. 

Antimony. 
Cadmium. 

Tin. 
Cadmium. 

Cadmium. 

Zinc. 

Cadmium. 

Tin. 

Copper. 

Zinc. 

Cadmium. 

Zinc. 

Zino. 

Zinc. 

At  the  head  of  each  column  is  placed  the  name  of  the 
exciting  fluid ;  on  taking  any  two  of  the  metals  of  the  list 
beneath,  and  making  them  the  solid  elements  of  the  drcle» 
the  current  is,  at  the  point  of  contact,  from  the  upper  to  the 
lower,  and  is  more  powerful  in  proportion  as  the  metals  are 
farther  separated  from  one  another  in  the  list ;  thus,  with 
dilute  nitric  acid  and  with  solution  of  caustic  potash,  the 
most  powerful  current  is,  after  platinum,  by  silver  and  zinc ; 
with  muriatic  acid,  by  antimony  and  zinc,  and  with  persut 
phuret  of  potassium  with  iron  and  zinc. 

If  the  metals  in  contact  with  the  exciting  liquid  be  Buch 
as  that  one  is  totally  without  chemical  action  on  it,  it  serves 
only  as  a  means  of  mechanically  transmitting  the  inductive 
force,  and  the  current  is  simply  due  and  is  proportional  to 
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the  electricity  evolved  by  the  action  of  the  acid  on  the  other. 
But  if  both  metals  be  snch  that  either  would  act  upon  the 
acid,  if  by  itself,  and  thus  produce  excitation,  as  when  zinc 
and  copper  are  placed  in  dilute  nitric  acid,  then  the  mole- 
cules of  acid  are  submitted  to  two  polarizing  forces  in  opposite 
directions,  which,  if  equal,  would  exactly  neutralize ;  but  in 
practice  they  are  not  equal,  and  a  current  is  produced  pro- 
portional to  their  difference.  Hence,  the  more  nearly  the 
metals  resemble  each  other  in  their  chemical  relations  to  a 
given  liquid  the  weaker  is  the  current  they  produce;  but, 
though  acting  similarly  to  one  liquid,  they  may  be  oppositely 
related  to  another,  with  which,  therefore,  they  become  a 
source  of  powerful  excitation.  Thus,  copper  and  zinc  being 
both  acted  on  violently  by  sulphuret  of  potassium,  generate 
but  a  feeble  current,  whilst  with  dilute  acids,  which  act  very 
differently  on  each,  the  current  is  very  powerful,  and  thus 
platinum,  which  is  inattackable  by  almost  all  liquids,  forms 
the  best  possible  element  in  every  instance. 

The  metal  which  is  used  as  the  conducting  medium,  con- 
ducts by  having  its  natural  polarity  inverted;  and  hence,  in 
place  of  a  disposition  to  combine  with  the  oxygen  or  chlorine 
of  the  Uquid,  it  would,  if  already  combined,  abandon  it ; 
hence  this  metal  remains  clean  and  bright.  On  this  prin- 
ciple was  founded  the  mode  of  protecting  the  copper 
sheathing  of  ships,  by  attaching  small  portions  of  iron,  of 
about  3^  of  the  surface ;  the  chlorine  of  the  salt  in  the 
sea-water  being  thus  transferred  to  the  iron,  and  the  copper, 
m  place  of  becoming  covered  with  the  green  rust  of  oxy- 
chloride  of  copper,  remaining  completely  bright.  This 
process  succeeded  in  practice  somewhat  too  well,  for  the 
negative  elements  of  the  sea  water  being  transferred  to  the 
iron,  llie  positive  bases  present,  lime  and  magnesia,  were 
deposited  upon  the  copper,  and  thus  affording  points  of 
adhesion  for  marine  plants  and  shell  fish,  caused  the  bottoms 
of  the  vessels  to  become  so  foul  as  materially  to  injure  their 
saHing  powers.    The  process  at  present  so  extensively  em- 
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ployed  of  fixing  a  layer  of  zinc  upon  iron  surfaces,  acts  in 
protecting  them  from  rust^  in  the  same  manner. 

This  transfer  of  the  elements  of  the  exciting  liquids  has 
become  recently,  in  the  hands  of  Spencer,  the  basis  of  one 
of  the  most  beautiful  and  important  of  the  applications  of 
science  to  the  arts.  If  one  of  the  exciting  liquids  be  a  solu- 
tion of  sulphate  of  copper,  as  in  Daniell's  battery,  (pageS22), 
the  metallic  copper  which  separates  is  deposited  ux>on  the 
surface  of  the  plate  to  which  the  current  passes  in  the  liquid, 
and  there  is  formed  a  layer  of  metal,  which  maybe  obtained, 
by  slow  and  long  continued  action,  as  dense  and  homogene- 
ous as  the  best  hammered  copper.  Any  prominences  or 
depressions,  even  a  scratch  of  a  pin,  drawn  on  the  plate  on 
which  the  deposit  forms,  are  accurately  represented  on  its 
internal  surface ;  and  it  is  only  necessary  to  use,  as  the  nega* 
tive  metallic  element,  a  medal  in  relievo  or  intaglio,  to  repro- 
duce, with  an  accuracy  equalling  the  powers  of  the  most 
finished  hand  or  machine,  the  finest  works  of  art.  This 
principle  has  been  shown  by  Mr.  Spencer  to  be  applicable 
to  the  copying  of  all  varieties  of  designs,  and  may  be  looked 
upon  as  the  most  important  means  of  facilitating  the  posses- 
sion of  works  of  art,  and  thus  elevating  public  taste,  that 
has  been  made  since  the  discovery  of  the  method  of  trans- 
ferring engravings  to  any  number  of  steel  plates. 

The  electricity  which  is  evolved  by  the  chemical  action 
of  such  simple  circles,  is  remarkably  different  in  its  charac- 
ters from  that  form  which  has  been  described  as  its  statical 
condition.  Although  present  in  much  greater  quantity  than 
can  be  developed  by  friction,  with  the  most  powerfiil  ma- 
chines, yet,  from  its  state  of  continued  recombination,  it 
cannot  acquire  intensity ;  it  hence  can  pass  only  through 
good  conductors ;  pure  water,  which,  from  the  facility  with 
which  it  allows  of  the  passage  of  machine  electricity,  proves 
the  great  source  of  failure  and  uncertamty  in  our  experi- 
ments, intercepts  almost  completely  the  current  from  a  sim- 
ple circle,  and  the  wires  which  are  used  to  effect  communi- 
cation may  be  touched  with  the  fingers,  without  any  tendency 
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to  lateral  shock  becoming  evident ;  and  yet  the  dispropor- 
tion in  quantity  between  the  fluids  which  bursts  through  the 
strongest  insulating  bonds  of  our  apparatus^  or  breaks  from 
the  clouds,  devastating  forests,  as  the  lightning,  and  that 
which  passes  silently  across  the  wires  of  the  voltaic  circle,  is 
such,  as  to  almost  surpass  behef.  By  actual  experiment, 
the  immersion  of  two  wires,  one  of  platina,  and  the  other  of 
zinc,  each  0-06  inch  in  thickness,  to  a  depth  of  five-eighths 
of  an  inch,  in  dilute  sulphuric  acid,  for  three  seconds,  gave 
as  much  electricity  as  could  be  generated  by  thirty  turns  of 
the  most  powerful  machine  of  the  Roys!  Institution.  Indeed, 
Faraday  has  shown,  that  in  the  current  which  passes,  dur- 
ing the  decomposition  of  a  grain  of  water,  there  is  contained 
more  electricity,  than  in  the  brighest  flash  of  lightning. 

If  the  metallic  elements  of  a  simple  circle  be  connected, 
not  directly  by  metallic  contact,  or  by  a  wire,  but  by  means 
of  one  or  more  other  similar  simple  circles,  interposed  in  the 
course  of  the  current  of  its  electricity,  it  is  not  at  all  inter- 
fered with,  but  the  quantity  of  electricity  which  circu- 
lates is  precisely  equal  to  what  is  generated  by  the  chemical 
action  which  takes  place  in  each  cell.  For,  considering  the 
eirde  of  four  cells,  represented  in  the  figure,  consisting  of 


copper  and  zinc  plates,  acted  upon  by  muriatic  acid,  the  cop- 
per of  each  cell  discharges  its  positive  electricity  upon  the 
negatiye  fluid  of  the  zinc  in  the  adjoining  cell,  and  hence 
there  is  neutralization  of  effect  at  the  points  a,  b,  and  c,  and 
it  is  only  the  amount  of  electricity  liberated  upon  the  copper 
and  zinc  plates  in  the  terminal  cells,  that  passes  along  the 
wires,  and  recombining  at  c{,  produces  the  phenomenon  of 
ihe  current ;  but  this  is  the  same  quantity  as  should  be 
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evolved  by  any  one  of  these  simple  cells  by  itself^  and  hence 
the  remarkable  result,  which  has  been  fully  demonstrated  by 
experiment,  that  no  matter  how  we  may  increase  the  number 
of  the  elements  of  a  galvanic  circlci  the  quantity  of  electri- 
city passing  in  the  current  is  equal  only  to  that  evolved  by 
a  single  cell.  If  the  chemical  action  be  not  of  the  same 
energy  in  all  the  cells,  there  passes  little  more  electricity  than 
what  is  generated  where  the  decomposition  is  least  active  ; 
for,  as  the  excess  ahould  have  to  penetrate  through  the 
liquid  conductor  in  all  the  cells,  the  obstacle  afforded  to  its 
progress  is  so  great,  that  it  is  almost  totally  absorbed. 

Although  the  increase  in  number  of  the  elements  of  the 
galvanic  circuit  is  inefficient  towards  augmenting  the  quan- 
tity of  electricity  which  passes,  yet  it  changes  the  character 
of  the  current  in  a  very  remarkable  degree,  and  confers  upon 
the  fluid  an  intensity  which,  in  a  simple  circle,  of  no  matter 
what  magnitude,  it  never  can  possess.  It  has  been  seen,  that 
by  the  state  of  mutual  excitation  into  which  the  zinc  and 
acid  are  thrown,  before  the  circuit  is  completed,  the  intensity 
of  the  evolved  fluids  is  limited  to  that  which  will 
not  suffice  to  enable  the  excited  particles  of  acid  to 
discharge  themselves  upon  the  oppositely  exdted 
particles  of  zinc,  for  if  this  discharge  occurred, 
all  should  be  brought  back  to  the  neutral  condition.  Now,  if 
there  be  interposed  a  second  cell,  containing  an  equal  quan- 
tity of  the  same  liquid  as  the  first,  its  particles  must  be 
brought  into  an  equally  excited  state,  before  discharge  can 
occur ;  and  as  the  electricity  has  then  to  pass  through  a 
bad  conductor,  of  double  the  length,  it  will  require  much 
greater  intensity  to  penetrate  it.  The  process,  in  virtue  of 
which,  therefore,  the  electric  equilibrium  is,  in  the  first  in- 
stance, disturbed,  continues,  even  before  contact  is  made, 
until  the  intensity  accumulated  is  sufficient  to  propel  the 
current  across  the  interposed  retarding  liquid,  and  is,  hence, 
proportional  to  the  number  of  cells,  or,  as  it  is  usually 
stated,  to  the  number  of  pairs  of  plates.  The  peculiar  cha- 
racter of  intensity  may  be  supposed  to  arise,  abo,  from  the 
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electricity  generated  by  the  outside  plates  obtaining  addi- 
tional velocity,  in  {mssing  across  tlie  intermediate  cells,  in 
each  of  which  it  meets  an  eqnal  quantity  of  fluid  moving  in 
the  same  direction,  and  whose  motion  it  absorbs,  restoring 
them  to  rest,  and  being  thereby  hurried  itself  onwards  in 
proportion. 

The  intensity  of  the  electricity  which  is  thus  excited  is 
very  slight,  even  where  the  number  of  combinations  is  con- 
siderable; thus,  it  requires  a  series  of  at  least  SOO  pairs  of 
plates,  four  inches  square,  immersed  in  dilute  sulphuric  acid, 
to  cause  a  sensible  divergence  of  the  gold  leaves,  of  the  most 
delicate  electroscope.  It  is  only  where  the  arrangement  in- 
volves some  thousands  of  couples,  that  electricity  is  evolved, 
of  sufficient  tension  to  produce  a  spark  across  a  non-conductor, 
Buch  as  that  given  by  the  electrical  machine,  or  to  cause  any 
of  those  attractive  and  repulsive  motions  by  which  the  fee- 
blest form  of  statical  electricity  is  recognized ;  to  obtain 
these  effects  also,  the  circuit  must  be  broken,  for  even  with 
the  most  powerfiil  combinations^  the  current  of  electricity  is 
without  any  action  of  intensity.  Where,  however,  by  means 
of  a  sufficient  number  of  elements,  intensity  has  been  given, 
the  quantity  of  electricity  which  accumulates,  and  the  quan- 
tity of  chenucal  action  from  which  it  has  its  origin,  is  exceed- 
ingly minute.  This  is  exemplified  in  the  dry  piles  of  Zam- 
boni,  the  form  in  which  electricity  may  be  considered  as 
connecting  its  purely  dynamical  and  properly  statical  con- 
ditions. The  pile  of  Zamboni  contains  no  apparent  liquid 
element;  it  consists  of  disks  of  gilt  paper,  and  of  exceedingly 
thin  annc  foil,  laid  alternately  over  one  another,  to  the  num- 
ber of  from  five  to  twenty  thousand,  care  being  taken  to 
torn  all  the  gilt  sur&ces  the  same  way.  These  are  enclosed 
in  a  glass  tube,  and  terminated  at  each  end  by  a  brass  cap^ 
with  a  pressure  screw.  The  paper  containing  in  its  pores, 
when  not  artificially  dried,  a  small  quantity  of  water,  this 
gradually  acts  upon  the  zinc,  and  electricity  is  evolved,  which, 
from  the  great  obstacle  presented  to  its  recombmation. 
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through  the  disks  internally^  and  by  the  atmospheric  air 
outside*  attains  a  degree  of  intensity  so  high*  that  it  acts 

decidedly  upon  the  elec- 
troscope* as  shown  in  the 
figure*  and  is  amusmgly 
applied  to  produce    va- 


rious attractive  and  re- 
pulsive motions*  such  as 
ringing  bells*  &c.*  for 
there  being  a  continual 
source  of  electricity  in  the 
action  of  the  moisture  of  the  paper  on  the  zinc,  these  phe- 
nomena may  continue  manifested  for  years,  without  diminu- 
tion. 

Such  a  dry  pile*  when  insulated*  shows  opposite  electrical 
excitation  at  the  two  extremities*  these  bemg,  however*  of 
equal  force*  and  hence  producing  neutrality  when  combined. 
If,  therefore*  the  two  ends  of  a  dry  pile  be  connected  by  a 
wire*  the  electricities  which  had  accumulated  recombine,  and 
the  pile  becomes  inert*  and  requires  a  certain  time  before  it 
can  recover  a  charge  equal  to  that  which  it  had  lost.  When 
the  pile  is  examined  at  a  distance  from  its  ends*  the  excita- 
tion is  found  to  be  less  powerful*  until  at  the  centre  it  is 
exactly  neutral.  This  arises  from  the  action*  at  each  point* 
being  the  resultant  of  the  opposing  actions  of  the  two  extre- 
mities* and  vanishing  at  the  centre  where  these  last  are 
equal*  precisely  as  there  exists  a  neutral  place  upon  the  sur- 
face of  any  body  inductively  excited  by  ordinary  electricity. 
If  the  pile  be  held  in  the  hand  by  one  extremity,  the  electri- 
city of  that  end  is  dissipated*  and  the  other  end  becomes  ca- 
pable of  acting  more  powerfully  upon  the  electroscope*  from 
the  opposing  influence  being  removed. 

No  principle  has  ever  been  discovered  in  science  more 
rich  in  consequences*  than  this  of  the  increase  of  tension 
given  to  electricity  in  motion,  by  the  connexion  of  a  number 
of  simple  galvanic  circles.  Hence*  deservedly,  the  instrument 
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80  formed  has  obtained  the  name  of  the  Voltaic  pile.  It  has 
enriched  chemistry  with  a  crowd  of  important  substances 
discovered  by  its  means,  and  has  led,  by  its  results,  to  the 
suggestion  of  the  most  plausible  theory  of  chemical  combina- 
tion that  has  been  as  yet  proposed.  In  physical  science  it 
became  the  origin  of  all  subsequent  improvement  in  the 
domain  of  electricity,  for  without  its  agency  it  is  hard  to  see 
how  the  steps  which  followed  could  have  been  made. 

The  form  in  which  the  Voltaic  pile  was  first  constructed, 
was  similar  to  that  of  the  dry  pile  noticed  above.  The  disks 
were  of  zinc,  and  silver,  or  copper.  The  fluid  conductor 
which  was  rendered  more  capable  of  acting  on  the  zinc,  by 
the  addition  to  it  of  some  acid  or  of  common  salt,  was  im- 
bibed in  disks  of  common  cloth,  which  were  interposed  be- 
tween every  pair  of  metallic  disks.  There  were  thus,  copper- 
zinc,  add,  copper-zinc,  acid,  copper-zinc,  and  so  on  to  an 
indefinite  extent  It  is  a  peculiarity  of  this  instrument,  which 
as  it  extends  to  many  forms  of  it  even  now  in  use,  and  affects 
our  chemical  nomenclature  remarkably,  it  is  necessary  to  no- 
tice, that  the  current  in  the  connecting  wires  appears  to  be 
in  a  direction  op]>osite  to  that  described  in  the  battery  of 
cells  of  page  S13,  for  the  outer  copper  plate  at  the  one  end 
and  the  outer  zinc  plate  at  the  other,  having  no  communica- 
tion with  the  exciting  acid,  transmit  the  current  merely  as 
portions  of  the  attached  wires ;  and  hence,  the  direction  of 
the  current  is  in  appearance  from  the  zinc  to  the  copper 
end,  whOst  it  is  properly  the  copper  from  which  the  positive 
fluid  emanates,  and  it  is  the  negative  which  arises  from  the 
'  one.  This  diversity  had  its  origin  in  the  circumstance,  that 
the  theory  of  the  pile  maintained  by  Volta,  and  even  at  the 
present  moment  supported  by  some  illustrious  men,  ascribed 
the  origin  of  the  electricity  not  to  the  action  of  the  acid  upon 
the  zinc,  but  to  the  contact  of  the  zinc  with  the  copper;  the 
point  where  the  metals  touched  being  supposed  to  be  a  con- 
tinual source  of  positive  electricity  to  the  zinc,  and  of  nega- 
tive electricity  to  the  copper.  It  was  even  attempted  to 
prove  this  by  soldering  together,  plates  of  zinc  and  copper. 
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and  testing  their  electrical  condition  by  the  gold-leaf  con« 
denser,  which  was  supposed  to  indicate  a  permanent  state  of 
excitation,  independent  of  all  fluid  or  chemically  acting  media* 
It  has  been  fully  proved,  however,  that  according  as  such 
contact  experiments  are  made  with  increased  care,  the  results 
become  less  evident  in  favour  of  that  theory.  Such  trials 
tend  to  show  the  evolution  of  minute  traces  of  statical  elec* 
tricity,  whereas  the  simple  galvanic  circle  is  characterized  by 
the  great  quantity  of  electricity  it  may  yield,  and  by  its  total 
want  of  statical  intensity.  Even,  therefore,  if  it  were  proved^ 
which  it  is  not,  that  the  mere  contact  of  bodies,  evolved 
electricity  affecting  the  gold-leaf  electroscope,  it  would  be  as 
far  from  accounting  for  the  totally  different  kind  of  electri- 
cal excitement  by  which  the  galvanic  battery  is  created,  as 
it  would  be  from  giving  a  true  or  satisfactory  theory  of  the 
cause  of  magnetism. 

But  the  pretended  excitation  by  contact,  or  the  electro- 
motor force,  as  it  was  termed  by  Volta,  must  be  carefully 
distinguished  from  the  capability  of  inductive  excitement, 
which  bodies  capable  of  chemical  action,  as  a  slip  of  zinc  and 
muriatic  acid,  mutually  confer  upon  each  other. 

This  last  arises  from  the  possible  substitution  of  the  zinc 
for  the  hydrogen  of  the  add,  which  does  occur  as  soon  as  the 
interchange  of  the  electricities  allows  of  the  transfer  of 
elements;  for  on  the  first  immersion  of  the  zinc,  the  equi- 
librium of  the  chlorine  and  hydrogen,  which  had  previously 
been  totally  engaged  with  each  other  is  interrupted,  and 
that  of  the  particles  of  the  zinc,  which  had  before  been  all 
circumstanced  alike,  is  disturbed  by  some  of  them  being 
nearer  the  acting  muriatic  acid  than  the  odiers,  and  thus  the 
induced  condition  of  both  arises.  On  this  positive  and  ne« 
cessary  principle,  the  theory  of  the  simple  and  compound 
circles  already  described  has  been  given,  and  although  it 
will  require  to  be  again  noticed  in  describing  the  phenomena 
of  decomposition  which  accompany  the  passage  of  the  cur- 
rent, yet  for  the  only  purpose  which  we  here  require  of  stu« 
dying  the  manner  in  which  the  current  of  electricity  of  the 
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battery  has  its  rise,  the  peculiar  and  important  influence  ex- 
ercised by  the  chemical  reaction  amongst  the  elements  of 
which  it  consists,  has  been  sufficiently  described. 

It  is  now  necessary  to  notice  more  in  detail  the  construc- 
tion of  some  of  the  more  usual  forms  of  the  Voltaic  or  Gal- 
vanic battery.    The  first  improvement  on  the  pile  of  Volta 
consisted  in  placing  it  horizontally  in  a  wooden  trough,*and 
AmAAA/^aLmmfliJiknLmiftill       replacing  by  cells  containing 
^Smm^  ^^^  wid,    the    moistened 

giilPl"'/^^^     --lig  disks  of  cloth  employed  by 
^^^^^^^^^'^'^''^-''^TFr^^^^y  the  original  inventor.    It  be- 
ing  difficult  to  cleanse  the  surfaces  of  the  plates,  which  in 
that  form  were  permanently  cemented  into  the  trough,  this 

was  made  of  delftware  divi- 
ded into  cells,  and  the  plates, 
being  soldered  together  by 
projecting  bands  at  the  top, 
were  hung  upon  a  rod,  as  in 
the  figure,|so  that  when  want- 
ed, they  may  be  immersed 
with  great  rapidity,  and  withdrawn  as  easily  from  the  liquid 
when  the  battery  is  not  wanted.  The  power  of  such  troughs 
18  increased  by  one-half  when  the  copper  slip  is  doubled 
over,  so  as  to  oppose  both  surfaces  of  the  zinc.  Batteries 
intended  rather  for  intensity  than  for  quantity,  and  which 
consequently  consist  of  a  great  number  of  plates  of  moderate 
dimensions,  are  generally  employed  on  this  last  construction : 
each  delftware  trough  holding  ten  pairs  of  plates,  and  any 
number  of  troughs  that  may  be  required,  being  rapidly  and 
easily  arranged  together.  When  a  current  of  electricity  of 
great  quantity,  but  not  of  intensity,  is  required,  it  is  usual  to 
employ  a  few  or  even  only  one  pair  of  plates  of  considerable 
size.  Thus,  a  sheet  of  copper  and  a  sheet  of  zinc,  each  of 
from  80  to  120  square  feet  of  sur&ce,  being  kept  separated 
by  ropes  of  horse  bur,  have  been  rolled  up  together  and 
immersed  into  a  large  tub  of  acid,  forming  thus  a  simple 
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circle,  giving  a  current  so  feeble  in  intensity  as  to  pass  with 
difficuky  through  a  short  column  of  distilled  water,  and  to 
be  quite  insensible  to  the  feeling,  but  which  fused  down 
into  globules  the  most  refractory  metals,  and  gave,  with  char- 
coal points,  alight  of  brilliancy  insupportable  to  the  eye.  The 
copper  plate  may  be  very  conveniently  made  to  act  as  the 
cell  containing  the  acid :  cylindrical  batteries  of  moderate 
size  are  very  frequently  so  constructed. 

I  have  supposed,  in  the  description  of  the  nature  of  simple 
and  compound  Voltaic  circles,  that  the  zinc  employed  was 
completely  pure,  in  which  state,  when  first  immersed  in  the 
acid,  there  is  no  chemical  action,  but  only  the  preparatory 
inductive  state  produced,  the  decomposition  of  the  acid  by 
the  zinc  commencing  only  when  the  circuit  is  completed. 
But  such  pure  zinc  is  too  expensive  for  ordinary  use,  and 
the  commercial  zinc  contains  always  traces  of  impurities, 
particularly  iron,  from  which  it  acquires  a  power  of  generat- 
ing a  multitude  of  little  secondary  currents  across  the  fluid, 
and  thus  preventing  to  a  great  extent  the  formation  of  the 
proper  current.  For  suppose  that  there  is  on  the  centre  of 
a  plate  of  zinc  a  little  piece  of  iron  or  of  copper,  this  serves 
to  return  to  the  zinc  from  the  acid,  the  positive  electricity, 
which  had  passed  away  from  it,  precisely  as  if  it  had  been  a 
copper  wire,  which  touched  the  acid  with  the  one  end,  and 
the  zinc  plate  with  the  other.  Such  a  plate  is,  therefore^ 
occupied  almost  solely  with  its  own  self-contained  currents, 
and  scarcely  assists  in  generating  the  electricity  which  is 
brought  into  play  in  the  battery  at  large.  To  this  cause 
must  be  assigned  the  property  which  ordinary  zinc  possesses 
of  dissolving  readily  in  an  acid,  and  of  evolving  hydrogen 
upon  its  own  surface.  It  evolves  the  hydrogen  upon  those 
points  of  its  surface  on  which  foreign  metals  being  deposited 
serve  to  complete  its  circuits.  This  injurious  property  of  ordi- 
nary zinc  is  remedied  by  coating  the  surface  of  the  plate  with 
mercury  or,  as  it  is  termed,  amalgamating  it.  By  this  means 
the  whole  surface  of  the  metal  is  brought  into  the  same  state, 
and  must  hence  act  in  the  same  manner  on  the  acid.    Any 
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secondary  current  which  might  arise  could,  therefore,  find 
no  means  of  discharge,  and  such  zinc  is  not  acted  on,  until 
the  circuit  is  completed,  and  then  all  hydrogen  is  carried  by 
the  excited  molecules  of  acid  to  the  copper  platCj  and  there 
evolved  as  gas. 

To  amalgamate  the  zinc  pbites  of  a  battery,  a  quantity  of 
mercury  is  to  be  laid  in  a  flat  dish,  sufficient  to  cover  the 
bottom;  moderately  dilute  nitric  acid,  to  which  a  small 
quantity  of  nitrate  of  mercury  had  been  added,  is  to  be  then 
poured  on  the  mercury,  so  deep  that  the  zinc  plate,  when 
floating  on  the  mercury,  shall  be  covered  by  the  acid. 
Before  immersing  the  zinc  plate,  it  should  be,  if  not  new, 
cleaned  as  well  as  possible,  with  sand  paper,  from  adhering 
dirt,  and  then  it  combines  with  the  mercury  very  rapidly,  so 
as  to  form  a  surface,  which,  by  rubbing  with  a  little  flannel, 
may  be  rendered  completely  uniform.  The  zinc  should  not 
be  too  highly  mercurialized,  for  then  it  becomes  extremely 
brittle,  and  requires  considerable  care  in  using  it.  The 
power  of  a  battery  may  often  be  quadrupled  by  this  method, 
A  source  of  great  inconvenience  in  the  ordinary  batteries^ 
arises  from  the  hydrogen  acting  on  the  oxide  of  zinc  which 
is  dissolved,  and  reducing  it  to  the  metallic  state,  when  it  b 
carried,  with  the  remaining  hydrogen,  to  the  copper  plate, 
and  deposited  upon  it.  In  this  way,  there  is  gradually  formed 
a  second  zinc  surface,  opposite  to  the  proper  zinc  plate,  and 
which,  tending  to  transmit  a  current  in  the  reversed  direc- 
tion, neutralizes  a  certain  proportion  of  the  power  of  the 
circle,  and  may  even  destroy  it  altogether.  Hence,  an  ordi- 
nary battery  is  most  active  when  first  brought  into  play,  and 
diminishes  very  rapidly  in  power,  untfl,  after  the  lapse  of 
some  hours,  even  though  the  acid  be  not  saturated,  its 
action  ceases. 

This  disadvantage  has  been  beautifully  removed,  by  the 
principle  of  absorbing  the  hydrogen,  by  means  of  a  solution 
of  sulphate  of  copper,  which  it  decomposes,  and  precipitates 
upon  tbe  surface  of  the  copper  plate  a  layer  of  clean,  new, 
metallic  copper»  in  the  best  possible  condition,  for  support- 
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ing  the  action  of  the  battery.    The  simplest  arrangement  of 
this  kind,  is  that  ofMuUins;  the  mechanical  construction 
is  most  perfect  in  DanieU's  constant  battery.  MuUins' battery 
consists  of  a  delft  ware  trough,  n,  in  which 
the  cylindrical  zinc  plate,  b,  of  nearly  the  same 
diameter,   is  placed,    and  inside  of  which, 
again,  is  the  copper  cylinder,  a,  which  is  close, 
and  acts  only  by  its  external  surface ;  round 
the  upper  edge  of  the  copper  cylinder,  c,  is  tied 
a  bladder,  into  which  fluid  may  be  introduced, 
by  means  of  a  row  of  apertures  in  the  rim  to  which  the  blad- 
der is  attached.    A  solution  of  sulphate  of  copper  is  poured 
into  the  bladder,  and  its  state  of  concentration  is  kept  up 
by  heaping  some  coarsely  pounded  crystals  on  the  top  of  the 
copper  cylinder.    Into  the  trough,  in  contact  with  the  zinc, 
is  then  poured  dilute  sulphuric  acid.     When  the  action 
commences,  the  hydrogen  is  transferred  through  the  mem- 
brane, and,  meeting  there  the  solution  of  sulphate  of  copper, 
is  absorbed  in  the  production  of  metallic  copper.    The  cop- 
per cylinder  never  wears  nor  dirties.    The  metal  is  all  reco- 
vered from  the  sulphate  of  copper,  and  the  only  thing  neces- 
sary is,  that  the  plates  of  zinc  shall  be  renewed  from  time 
to  time.    DanieU^s  battery  has  the  advantage  that  the  cop- 
per is  outside,  and  hence  is  capable,  with 
exposure  of  the  same  surface  of  zinc,  of  pro- 
ducing a  much  more  powerful  current.    The 
cell  consists  of  a  copper  cylinder  c,  c,  near  the 
top  of  which  is  attached  a  perforated  plate,  p, 
on  which,  when  the  cell  has  been  filled  with 
the  solution  of  sulphate  of  copper,  a  quan- 
c         t  2    i       ^^^y  ^^  crystals  are  laid,  to  be  dissolved  ac- 
cording as  they  are  required.    A  solid  zinc  rod  z,  supported 
at  the  top  of  the  copper  cylinder  by  a  wooden  cross  piece,  is 
contained  in  a  membranous  bag,  formed  of  the  gullet  of  an 
ox,  f,  t,  and  into  this  is  poured  the  dilute  acid,  which  consists 
of  one  part  of  oil  of  vitriol  and  eight  parts   of  water.     Any 
number  of  these  cells  may  be  arranged  together,  so  as  to 
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give  a  battery,  which,  if  all  the  coppers  be  connected  upon 
the  one  hand,  and  all  the  zinc  rods  upon  the  other,  will 
evolye  large  quantities  of  electricity  of  low  tension,  but  when 
the  copper  and  zinc  elements  are  alternately  connected  with 
each  other,  the  tension  of  the  electricity  evolved  is  much 
increased,  though  at  the  expense  of  the  quantity  generated* 

The  great  advantage  of  such  batteries,  is  the  perfect 
uniformity  of  their  action,  by  which  they  deserve  fully  the 
name  applied  by  Daniell  to  his  construction,  of  the  constant 
battery ;  with  such  an  instrument,  the  conditions  of  the  cur- 
rent may  remain  for  days  perfectly  unaltered;  and  thus  the 
laws  of  action  of  the  current  have  been  determined,  particu- 
larly in  its  chemical  relations,  with  complete  success,  and 
views  of  the  analogies  between  affinity  and  electricity,  equally 
novel  and  important,  which  shall  be  discussed  in  another 
place,  have  been  arrived  at  by  its  means. 

Latterly  the  membranous  bags,  originally  used  by  Daniell 
and  others,  as  the  diaphragm  between  the  acid  solution  and 
that  of  the  sulphate  of  copper,  have  been  with  great  advan- 
tage replaced  by  porous  cells  of  biscuit  ware,  such  as  is 
represented  in  the  figure  by  ^,  t. 

Some  forms  of  battery  have  recently  been  proposed,  in 
which,  under  a  small  compass,  very  great  power  is  obtained, 
by,  1st,  bringing  the  plates  very  near  each  other  ;  Snd,  se- 
lecting solid  elements,  which  differ  as  much  as  possible  in 
their  chemical  relations ;  and,  3rd,  using  as  the  exciting 
fluids  those  of  the  most  intense  action,  and  of  the  highest 
conducting  power.  In  this  way  the  most  powerful  Voltaic  com- 
bination that  has  been  yet  made,  is  that  of  Mr.  Groves.  Plates 
of  zinc  and  platina  are  separated  by  diaphragms  of  porous 
earthenware,  the  zinc  being  acted  upon  by  dilute  sulphuric 
acid,  mixed  with  some  nitric  acid,  and  the  platina  being  in 
contact  with  tolerably  strong  nitric  acid.  The  hydrogen 
evolved  by  the  sine  is  completely  absorbed  by  the  nitric 
acid  on  which  it  acts,  forming  nitrous  acid  which  remains  dis-< 
solved ;  and  the  metals  being  those  most  opposite  in  their 
electrical  relations,  give  the  most  powerful  current  possible^ 
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The  conducting  powers  of  various  bodies,  for  this  form  of 
electricity  has  been  determined  with  great  care  by  Pouillet, 
whose  results  are,  that  the  relative  conducting  powers  of 


theTarious  metals  are  expressed  by  the  following 

number 

Palladium   .     .     .     6791 

Brass  from  .     .    . 

900 

Silver     ....    6152 

to     .    . 

200 

Gold       ....    S975 

Cast  steel  from 

.      800 

Copper  ....    3838 

to      .     . 

500 

Platina   ....      866 

Iron 

600 

Bismuth      ...      384 

Mercury      .    . 

100 

He  ascertained,  also,  the  relative  conducting  powers  of 
the  saline  solutions  usually  contained  in  the  cells  of  the  Gal- 
vanic battery ;  and  it  appears  that  the  conducting  power  of 
platina  is  two  millions  and  a  half  times  that  of  a  saturated 
solution  of  sulphate  of  copper,  and  hence  that  of  copper  is 
sixteen  millions  times  as  great.  The  conducting  power  of 
the  saturated  solution  of  the  sulphate  of  copper  being  taken 
as  10*000,  he  found  that  of 

a  saturated  solution  of  sulphate  of  zinc  to  be  4*170 

distilled  water, 0-025 

,  -  distilled  water  with  ^^t^t  of  nitric  acid,  •  0*150 
The  great  retardation  which  occurs  when  the  current  has 
to  pass  through  any  considerable  length  of  liquid,  will  now 
be  easily  understood.  Pure  water  may  be  considered,  with 
feeble  circles,  as  an  absolute  non-conductor ;  and,  even  with 
the  most  powerful  combinations  that  have  been  yet  made, 
the  current  is  unable  to  force  its  way  through  the  smallest 
measurable  interval  of  air.  It  was,  notlong  ago,  believed,  that, 
even  with  simple^  circles,  a  spark  indicating  the  passage  of 
a  current  was  seen  on  making  contact,  and  hence  that  the 
electricity  had  passed  before  the  metals  had  touched,  and^ 
consequently,  that  the  chemical  action  should  be  alone  con- 
sidered as  the  source  of  the  electricity.  It  is,  however,  now 
acknowledged,  that  no  spark  can  pass  until  the  wires  have 
touched  and  are  again  separated,  and  the  passage  of  the 
electricity  is  then  accomplished,  not  by  the  action  of  the 
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excited  molecules  of  air^  as  occurs  with  the  machine,  but  by 
the  violent  inductive  polarization  of  the  particles  of  the  ter- 
minal conductors^  which  are  torn  off  and  pass  from  one  pole 
to  the  other. 

When  the  current  of  electricity  is  retarded  by  means  of  an 
insufficient  conducting  medium,  the  centre  of  the  conductor 
becomes  hot,  and  thus  the  most  brilliant  effects  of  heat  and 
light  may  be  produced ;  even  the  most  refractory  metals,  as 
gold  and  platina,  being,  when  in  thin  foil  or  wire,  dissipated 
actually  in  smoke.  By  terminal  points  of  well  burned  char- 
coal this  phenomenon  is  beautifully  produced,  the  ignition 
being  totally  independent  of  combustion,  for  it  takes  place 
in  vacuo,  or  in  carbonic  acid  gas,  and  when  the  points  are 
separated  from  one  another  to  a  certain  distance,  the  inter- 
val becomes  occupied  by  a  splendid  arch  of  light  formed  by 
the  inductively  excited  particles  of  charcoal,  which,  in  a  state 
of  intense  ignition,  abandon  the  positive,  to  attach  them* 
selves  to  the  negative  extremity  of  the  conductor. 

The  action  of  galvanic  electricity  upon  the  animal  frame 
does  not  properly  fall  within  the  scope  of  the  present  work, 
but,  in  terminating  the  subject,  the  mode  in  which  the  first 
view  of  this  important  science  was  obtidned  may,  with  pro* 
priety,  be  noticed.  Galvani  was  Professor  of  Anatomy  at 
Bologna,  and,  whilst  preparing  frogs  for  some  physiological 
experiments,  he  happened  to  touch,  by  one  extremity  of  a 
metallic  wire,  the  lumbar  nerves  which  still  remained  attached 
to  the  spine,  whilst  the  other  extremity  of  the  wire  was 

in  contact  with  the  muscles  of  the 
leg;  these  last  were  instantly  thrown 
into  strong  convulsions.  To  per- 
form this  experiment  with  success, 
the  legs  of  the  frog  are  to  be  left 
attached  to  the  spine  by  the  crural 
nerves  alone,  and  then  a  copper 
wire  and  a  rinc  wire,  being  either  twisted  or  soldered  toge- 
ther at  one  end,  the  nerves  are  to  be  touched  with  one  wire 
whUat  the  other  is  to  be  applied  to  the  muscles  of  the  leg. 

Q 
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Galvani  erred  in  the  explanation  of  this  remarkable  effect; 
he  looked  upon  the  body  as  being  in  the  state  of  a  charged 
Leyden  jar,  of  which  the  nerves  and  muscles  were  the  exter* 
nal  and  internal  coatings,  and  that  on  connecting  these  by 
the  conducting  wire,  the  electricities  recombined,  and  the 
passage  renewed  for  the  instant  the  phenomena  of  life. 
Yolta  pointed  out,  however,  that  in  order  to  produce  full  ef- 
fect, the  presence  of  two  'metals  in  the  conductor  was  re- 
quired, and  he  ascribed  the  origin  of  the  electricity  not  to 
the  body,  but  to  the  contact  of  the  two  metals,  and  supposed 
the  convulsive  motions  to  be  merely  the  indication  of  the  pas-* 
sage  of  the  current  across  the  body  of  the  frog.  This  view 
has  also  been  since  modified  by  ascribing  the  electricity  to 
minute  traces  of  chemical  action  on  the  wires ;  but  it  was  so 
fruitful  in  results,  of  which  the  construction  of  the  Yoltaie 
pile  is  the  most  remarkable,  that  Voltais,  with  justice,  looked 
upon  as  the  true  originator  of  this  branch  of  electricity,  as  a 
science,  although  it  was  Galvani  who  observed  the  first  fact 
belonging  to  it. 

The  frog  so  prepared  is  a  mbst  delicate  test  of  the  pas« 
sage  of  a  Galvanic  current,  it  is  trvAy  b.  galvanascape,  corres* 
ponding  to  the  gold-leaf  electroscope  for  ordinary  electricity  i 
but  it  does  not  measure  the  quantity  or  intensity  of  the  elec- 
tricity which  passes.  As  yet  we  have  no  exact  measure  of 
the  intensity  of  Galvanic  electricity ;  but  that  its  quantity  may 
be  exactly  determined,  two  of  its  properties  may  be  applied; 
the  first  consists  in  determining  the  quantity  of  a  given  che^ 
mical  substance,  as  water,  which  the  current  can  decompose 
in  a  Certain  time,  for  the  quantity  decomposed  is  proportional 
to  the  quantity  of  electricity  whidi  passes ;  the  second  con- 
sists in  observing  the  degree  to  which  the  current  is  able  to 
deflect  the  magnetic  needle  from  its  natural  position  of  north 
and  south,  for  the  angle  of  deflection  is  connected  with  the 
quantity  of  electricity  in  the  current  by  a  very  simple  law; 
we  are  not  yet  in  a  position  to  understand  fully  the  theory 
either  of  the  chemical  or  the  magnetic  galvanometer^  and 
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hence  I  merely  indicate>  for  the  present,  their  existence  an4 
their  names. 

Thertao-^lecirieiitf.—Klhehi  be  applied  to  a  wire,  uniform 
in  texture  and  thickness,  and  bent  into  a  ring,  there  is  nq 
disturbance  of  electrical  equitibrium,  but  if  any  obstacle  to 
the  transmission  of  the  heat,  such  as  a  knot  or  a  coil  on  the 
wire,  exist,  a  current  will  be  established,  of  which  the  diree*- 
ti<Mi  shall  be  from  the  point  of  the  circuit  to  which  tjbe  heat 
is  applied  towards  the  point  where  the  retarding  cause  exists* 
If  in  place  of  merely  causing  an  artificial  obstacle  on  an  uni* 
fom  wire,  two  metals  a,  6,  be  selected,  which  differ  in  com 
ducting  power,  and  that  the  point  at  which  they  touch  om 
another  c,  be  kept  at  a  different  temperature  from  the  rest, 
a  current  is  also  produced  from  the  latter  point  towards  the 
metal  which  is  the  worst  conductor.  The  more  unlike  the 
metals  are  in  molecular  constitution,  and  the  greater  the  di& 
ference  between  their  conducting  powers,  the  more  energetie 
is  the  current  Hie  best  combinations  are,  therefore,  of 
a  crystalline  and  a  non-crystalline  metal,  or  of  two  metals 
which  crystallize  in  different  systems.  Bismuth 
and  antimony,  which  are  the  worst  conductors 
of  the  metals,  are  also  among  the  most  crystal- 
line ;  and  whilst  bismuth  crystallizses  in  cubes, 
the  form  of  antimony  is  a  rhombohedron;  these 
metals,  therefore,  combine  all  the  essential  qua* 
lities  br  generating  a  current  when  unequally  heated,and  they 
are  consequently  the  most  powerful  sources  of  thermo-electri* 
city  that  have  been  found.  The  results  obtained  with  other 
metals  witt  be  understood  by  wriUng  them  down  in  the  follow- 
uig  order,  any  two  of  them  being  capable  of  forming  a  current 
when  their  junctions  are  unequally  heated,  the  current  being 
from  the  metal  highest  to  that  which  is  lowest  in  the  list,  and 
the  power  of  the  current  being  greater  in  proportion  to  l^e  dis- 
tance between  die  metals  in  the  following  order:  bismuth,  pla- 
tinum, lead,  tin,  eopper  or  silver,  zinc,  iron,  antimony.  The 
«BK>lecular  texture  would  appear  from  this  list  to  have  more 

q2 
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influence  on  the  production  of  the  currenti  than  the  mere  dif- 
ference of  conducting  power. 

The  intensity  of  the  thermo-electric  current  so  excited  is 
exceedingly  small;  it  is  only  capable  of  passing  through  very 
good  conductors,  and  it  requires  the  combination  of  a  num- 
ber of  exciting  couples  to  give  sufficient  tension  to  enable  it 
to  produce  a  spark,  or  to  show  any  signs  of  chemical  in- 
fluence. It  then,  however,  agrees  in  all  respects  with  the 
electricity  of  the  Galvanic  battery  when  in  an  excessively 
feeble  state  of  tension,  and  it  resembles  remarkably  the 
hydro-electric  current,  in  being  able  to  reproduce  at  a  dis- 
tance the  circumstances  in  which  it  originates ;  for  precisely 
as  a  current  passes  through  a  combination  of  antimony  and 
bismuth,  when  its  junctions  are  at  unequal  temperatures,  so 
when  a  similar  current  from  any  other  source  is  passed 
through  the  metallic  couple,  a  change  of  temperature  is  pro- 
duced at  the  place  where  the  two  unite ;  if  the  current  pass 
from  the  bismuth  to  the  antimony  the  junction  becomes 
heated,  but  if  the  electricity  pass  in  the  opposite  direction, 
the  junction  is  cooled  to  a  remarkable  degree,  so  that  if  a  little 
hole  be  bored  where  the  metals  touch,  and  a  drop  of  water 
be  laid  therein,  it  is  frozen  after  a  few  moments.  This  result 
which  was  first  obtained  by  Peltier,  and  has  been  confirmed 
by  Bottger,  is  one  of  the  most  remarkable  proofs  of  con- 
nexion between  the  physical  sources  of  temperature  and 
electrical  equilibrium  that  has  been  as  yet  discovered,  and 
may  influence  our  theories  of  the  nature  of  heat  in  no  incon- 
siderable degree* 

The  principle  of  strengthening  the  thermo-electric  cur- 
rent, by  combining  together  the  action  of  a  number  of  metallic 
couples,  is  due  to  Nobili.  If  we  con»der  a  number  of  bars 
of  antimony  and  bismuth  a  6,  soldered  together  alternately  at 

their  ends,  so  that  every  alter- 
nate soldering  shall  be  in  the 
same  plane,  and  that  the  extre- 
mities of  the  terminal  bars  be 
connected  by  a  wire ;  on  ap- 
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plying  heat  to  the  alternate  solderings^  a  current  is  generated 
at  each^  which,  heing  all  in  the  same  direction,  travel  toge* 
ther  through  the  system,  and  thus  increase  its  energy  in  pro* 
portion  to  the  number  of  combinations.  The  important  dis- 
tinction between  this,  and  the  combination  of  elements  in 
the  Voltaic  pile,  is,  that  in  the  latter  the  increase  of  number 
a£kcts  only  the  tension  of  the  current,  but  leaves  the  quan* 
tity  the  same  as  the  single  couple ;  but,  in  the  thermoelectric 
pile,  although  the  intensity  is  increased,  yet  the  quantity 
which  passes  in  the  current  is  augmented  also. 

It  is  this  principle  which  has  been  applied  by  Nobili  to 
the  construction  of  the  thermo-multiplier,  or  thermo-electro- 
scope,  used  by  Melloni  and  Forbes,  in  their  researches  on 
radiant  heat,  of  which  a  sketch  has  been  given  in  the  last 
chapter.  The  thermoscope  consists  of  fifty  small  bars  of  bis- 
muth and  antimony,  placed  parallel  beside  one  another,  and 
forming  a  single  prismatic  bundle,  f,f^,  about  l\  inch  long  and 
I  inch  square  in  section.  The  two  terminal  faces  are  black- 
ened. The  bars  of  bismuth,  which  are  arranged  alternately 
with  those  of  antimony,  are  soldered  at  their  extremities,  and 
separated  all  through  their  length  by  an  insulating  substance. 


To  the  first  and  last  bars  are  attached  copper  wires,  which 
terminate  in  the  pins  c  c,  of  the  same  metal^  passing  across  a 
piece  of  ivory  fixed  on  the  ring  a  a.  The  space  between  the 
interior  of  this  ring  and  the  elements  of  the  pile  is  filled  by 
insulating  material.  The  free  extremities  of  the  two  wires  are 
put  in  communication  with  the  terminal  wires  of  a  magnetic 
galvanometer,  the  needle  of  which  indicates,  by  its  motions, 
when  the  temperature  of  the  anterior  surface  of  the  thermo- 
electric pile  is  raised  or  lowered,  in  comparison  to  that  of  the 
posterior  surface.     (See  P.  in  figure,  page  156.) 

By  means  of  a  jointed  support,  the  axis  of  the  pile  may 
be  turned  in  any  direction  that  may  be  wished ;  and  to  pro- 
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tect  its  surface  from  lateral  radiation,  the  metallic  tubes  b  b, 
brilliant  externally  and  blackened  on  the  inside,  are  attached 
to  the  extremities  of  the  ring  a  a. 

If  by  changing  through  one  degree  the  temperature  of  a 
single  soldering,  a  current  of  a  certain  power  be  obtained, 
there  should  be  with  fifty  solderings  a  current  fifty  times  as 
strong ;  or  an  equal  current  when  the  temperature  of  the  sol- 
derings varied  through  one-fiftieth  of  a  degree.  It  has  been 
ascertained,  that  instruments  of  this  kind  may  be  made  to 
indicate  a  variation  of  temperature  of  ^^  of  a  degree  on 
Fahrenheit's  scale. 

The  electricity  which  is  thus  evolved  by  change  of  tern* 
perature  in  conducting  bodies,  although  so  feeble  in  quantity 
and  intensity  as  to  be  utterly  devoid  of  those  brilliant  qua* 
lities  which  attach  much  popularity  to  the  phenomena  of 
Galvanism  and  of  machine  electricity,  has  thus  been  found 
the  means  of  assigning  the  true  laws  of  some  of  the  most  in- 
teresting and  important  branches  of  the  physical  sciences; 
and  it  will  be  hereafter  seen  that  thermo-electric  currents 
excited  in  the  superficial  stratum  of  the  globe,  by  the  ine- 
quality of  temperature  which  arises  from  the  action  of  the 
sun,  may  generate  not  only  the  magnetic  properties,  on  which 
are  founded  the  commercial  intercourse  of  civilized  nations, 
but  by  influencing  the  affinitary  powers  of  the  elementary 
constituents  of  our  planet,  may  have  been  the  agent  in  si- 
lently, but  effectively,  regulating  the  constitution  of  inorganic 
nature. 

Magnetic  Electricity.  ^The  properties  which  are  now 
known  as  magnetic,  were  first  recognized  in  a  pecuUar  ore  of 
iron,  found  in  the  vicinity  of  the  town  Magnesia,  in  Asia 
Minor,  firom  which  the  names  of  the  substance  and  of  the 
science  have  been  derived.  The  native  magnetic  ore  or  load- 
stone consists  of  iron  and  oxygen.  This  mineral,  although 
quite  inert  with  regard  to  all  other  bodies,  attracts  iron  and 
steel  with  great  jwwer ;  and  the  pieces  of  iron  and  steel, 
whilst  in  contact  with  the  loadstone,  participate  in  its  powers^ 
And  are  capable  of  attracting  other  pieces  to  themselves. 
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Iron  and  steel,  though  hoth  attracted  by  the  magnet,  differ 
remarkably  m  the  fact,  that  iron,  although  magnetic  whilst 
in  contact  with  the  loadstone,  loses  all  its  properties  when  it 
18  removed;  whikt  steel,  which  is  at  first  attracted  with 
inferior  power,  when  it  has  become  magnetic  by  contact  with 
that  mineral,  retains  that  condition  after  separation,  and  thus 
becomes  a  permanent  artificial  magnet.  A  steel  magnet 
diU8  formed,  may  in  its  turn  be  used  in  place  of  a  loadstone 
to  form  others ;  and  almost  all  the  magnets  we  employ  in 
experiments  have  thus  obtained  their  power,  as  native  load- 
stone is  not  found  in  sufficient  quantity,  or  sufficiently  intense 
in  action,  for  our  purposes.  The  steel  bars  which  are 
magnetised  are  generally  straight,  but  often  also  bent  in 
the  centre,  so  that  the  halves  are  nearly  parallel,  and  are 
then  called  horseshoe  magnets. 

When  a  magnetic  bar  is  dusted  over  with  iron  filings,  it  will 
be  found  that  the  filings  attach  themselves  to  the  extremities 
J — .AManftA.  of  the  bar,  and  scarcely  at  all  to  the 
centre ;  the  magnetic  power  is  thus 
seen  to  exist  only  near  the  ends  of  the  bar.  Each  filing  being 
itself  for  the  time  a  magnet,  attracts  others,  so  that  they 
form  strings,  which  arrange  themselves  according  to  definite 
laws  in  an  order  which  is  termed  the  magnetic  curves,  and 
from  the  disposition  of  these  curves,  it  is  evident  that  the 
action  of  the  magnet  emanates  from  a  single  point,  p,  near 
each  extremity;  these  points  being  the  centres  of  action  of  the 

magnet  is  termed  its  poles. 
Thus  in  the  figure  the  bar 
being  a  magnet,  the  points 
p  and  p  are  the  poles,  and 
the  directions  of  attractive 
force  are  indicated  by  the 
diverging  lines  which,  unit- 
ing on  the  inner  side,  form  the  magnetic  curves. 

The  utility  of  the  magnet  in  navigation  is  well  known ;  it 
arises  from  the  poles  of  the  magnet  being  attracted  by  the 
earth  in  such  a  way,  that  when  free  to  move,  the  magnet 
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rests  in  a  direction  nearly  north  and  south ;  the  pole  of  the 
magnet  which  is  turned  to  the  north,  is  termed  the  north 
pole,  the  other,  the  south  pole.  If  two  magnets  be  brought 
into  the  neighbourhood  of  one  another,  they  do  not  attract 
indifferendy,  as  either  would  attract  a  mass  of  iron ;  but  the 
north  pole  of  one  magnet  attracts  the  south  pole  of  the  other, 
and  is  attracted  by  it,  whilst  the  north  poles  of  the  two,  or 
the  south  poles,  if  brought  near  each  other,  repel  as  power- 
fully. In  magnets,  therefore,  poles  of  the  same  name  repel, 
and  poles  of  opposite  names  attract,  a  condition  precisely 
similar  to  that  which  holds  between  the  electricities  evolved 
by  friction.  In  magnetism  also  the  attractions  and  repulsions 
follow  the  law  of  the  inverse  square  of  the  distance,  and  thus 
complete  the  superficial  analogy  which  led  astray  for  so 
many  years  the  investigators  of  this  branch  of  science. 

The  action  of  the  earth  upon  magnets  at  its  surface,  can 
only  be  explained  by  supposing  the  earth  itself  to  possess 
magnetic  properties.  The  northern  portions  of  the  earth  at- 
tract the  north  pole  of  a  magnet,  and  must,  therefore,  pos- 
sess southern  polarity;  the  southern  portions  of  the  earth 
attracting  the  south  pole  of  the  magnet  must  possess  northern 
polarity.  The  action  of  the  earth  cannot  be  explained,  how- 
ever, by  supposing  it  to  be  a  simple  magnet  with  a  pole  at 
each  extremity.  It  possesses  at  least  two  centres  of  force  or 
poles  in  the  north,  one  in  Siberia  and  one  in  North  America, 
whilst  the  exact  distribution  of  the  centres  of  magnetic  force 
in  the  southern  hemisphere  has  not  been  yet  made  out. 
These  centres  themselves  are,  however,  not  fixed ;  the  needle 
is  continually  changing  in  direction  ;  at  present  it  points  to 
S4|^  west  of  north  ;  but  in  the  year  1664,  it  pointed  to  the 
northj  and  it  had  previously  pointed  in  an  easterly  direction, 
towards  which  it  is  now  returning. 

Prior  to  the  discovery,  by  Ampere,  of  the  true  nature  of 
magnetic  phenomena,  a  theory  similar  for  the  most  part  to 
that  of  the  two  electrical  fluids  was  maintained,  two  magne- 
tisms were  supposed  to  exist,  the  particles  of  the  same 
fluid  repelling  each  other,  but  the  particles  of  one  fluid 
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attractiog  those  of  the  other.  The  assumption  of  magnetic 
properties  by  a  piece  of  iron  or  steel  in  contact  with  a  mag- 
net^  became,  therefore,  a  phenomenon  of  induction  similar 
to  that  described  under  the  head  of  statical  electricity,  the 
constitution  of  iron  being  such  that  the  fluids  recombined  on 
the  disturbing  cause  being  removed;  the  constitution  of 
steel,  on  the  contrary,  preventing  their  reunion.  There  ex- 
isted, however,  one  great  difference  between  a  magnetic  bar 
and  a  body  excited  by  induction  with  machine  electricity. 
If  the  bar  a,  c,  b,  excited  by  induction,  and  of  which  the  por- 
A  c  B     tion  A  is  positive,  and  b  negative,  the 

middle  c  being  neutral,  be  cut  in  two 
at  c,  the  portions  a  and  b  retain 
their  peculiar  states,  one  positive  and 
the  other  negative.  But  if  the  mag- 
netic bar,  a,  c,  b,  be  broken  across  at 
^  the  neutral  portion  c\  then  each  half 
becomes  a  perfect  magnet  of  half  the 
strength  of  the  entire ;  the  points  c', 
and  c^\  which  had  been  neutral,  ac- 
quire magnetic  power ;  and  if  these  portions  be  again  broken, 
each  fragment  is  a  perfect  magnet.  Magnetism  belongs, 
in  this  way,  to  the  inmost  particles  of  the  body,  and  in  the 
general  mass  each  magnetic  molecule  is  still  active  and  inde- 
pendent; a  magnet  resembles,  therefore,  an  exceedingly 
bad  conductor,  which  has  been  inductively  excited  by  com- 
mon electricity,  and  the  particles  of  which  retain  for  an  inde- 
finite length  of  time  their  state  of  polar  excitation. 

In  order  to  understand  the  real  nature  of  magnetic  action, 
we  must  free  ourselves,  however,  from  all  these  analogies  to 
machine  electricity,  no  matter  how  well  grounded  they  may 
appear  to  be,  when  superficially  examined.  The  electricity  of 
the  magnet  is  constantly  circulating,  and  it  possesses  so  little 
tension,  that  it  never  leaves  the  magnetic  element,  or  mole- 
cule of  iron  or  steel,  in  which  it  has  its  origin ;  in  fact,  every 
current  of  electricity  possesses  magnetic  properties,  and 
simulates  the  action  of  a  magnet  situated  transversely  to  it. 
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Thus,  if  a  needle  be  held  transversely  on  a  wire  carrying  an 
electric  current,  it  becomes  magnetic,  precisely  as  if  it  had 
been  laid  parallel  to  a  magnet ;  and  by  bending  the  wire 
round,  so  as  to  form  a  coil,  the  magnetism  which  it  confers 
being  increased  in  proportion  to  the  number  of  turns,  may 
be  rendered  so  intense,  as  to  surpass  that  of  the  most  power- 
ful steel  magnets  that  are  made.  In  fig.  1,  a  small  coil 
Pig,  I,  is  represented,  by  which 

^^^^^  magnetism    is   conferred 

jQ~7^^^^^^^^^^^  upon  the  bar  of  steel  in- 
^^^T^nnlM^  side.     And  in  fig.  2,  a 

''    ^<s«^2^^=5C^i27'  large  horseshoe,    of  soft 

iron,  by  being  covered  by  a  helix  of  many  hundred  turns, 
may  become  able  to  raise  a  weight  of  some  hundreds  of 
pounds,  by  the  magnetism  it  acquires. 

The  coil  of  wire  carrying  the  current  may  be  shown, 
also,  to  possess  magnetic  properties,  by  its  attractive  and 
repulsive  action  on  a  magnet.  A  coil,  as  in  fig.  3,  suspend- 
ed so  as  to  be  able  to  move  freely,  is  attracted  and  repelled 
by  the  poles  of  a  magnet,  precisely  as  if  it  also  had  a  magnetic 
pole  at  each  end.  A  fiat  coil,  as  fig.  4,  is  also  found  to  be 
magnetic,  the  poles  being  indefinitely  near  each  other  at  the 
centre  of  the  coil.  A  beautiful  form  of  the  experiment  con- 
sists in  a  long  wire,  which  is  made  into  a  close  coil,  and  con- 
nected at  the  ends  with  a  pair  of  little  plates  of  zinc  and 

Fig.  2. 


copper,  as  in  Fig.  5.     On  placing  this  system,  buoyed  by  a 
{liece  of  cork,  in  a  dish  of  acidulated  water,  it  settles  itself  at 
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right  angles  to  the  direction  of  the  magnetic  needle,  and 
behaves  in  all  respects  like  a  magnet  dtuated  in  the  centre 
of  the  coU,  and  perpendicular  to  its  plane. 

It  is  now  necessary  to  examine  into  the  relation  which 
the  direction  of  the  current  bears  to  the  poles  of  the  mag- 
nets which  it  forms,  or  which  might  represent  its  action.    If 
A,  B,  be  a  wire,  in  which  a  current  is  descending, 
Ia        as  marked  by  the  arrow,  and  that  a  needle,  n  s, 
^  I  j^      is  placed  transverse  to  it,  the  right-hand  end  of 
Vg         the  needle  becomes  the  norths  and  left-hand  end 
of  the  needle,  the  south  pole ;  if  the  direction  of 
the  current  be  reversed,  the  north  pole  is  formed  at  the  left. 
In  a  circular  current,  the  position  of  the  pole  may  be,  con- 
^,^        sequently,  easily  seen ;  the  current  A  b,  which 
j     ^        descends  in  front  of,  and  ascends  behind  the 
"  \J  *    needle,  produces  in  the  bar,  n  s,  a  northern  po- 
'  larity  to  the  right,  and  a  southern  to  the  left ; 

the  action  of  magnetic  currents  upon  each  other,  supplies 
the  explanation  of  these  phenomena.  If  two  wires,  carrjring 
Galvanic  currents,  be  brought  near  each  other,  there  is  at- 
traction or  repulsion,  according  to  the  direction  of  the  cur- 
rents; if  the  two  currents  be  in  the  same  direction,  the 
wires  attract;  if  in  opposite  directions,  the  wires  repel  each 
other.    The  cause  is  evident,  on  inspecting  the  figure :  the 
upper  arrows  being  wires  which  carry  currents  in  the  same 
direction,  they  act  on  each  other,  as  should  a  pair 
of  magnets,  placed  transverse  to  their  direction ; 
the  ends  of  the  magnets  which  are  juxtaposed, 
have  opposite  polarities,  and  attract ;  whilst  in 
f      t.    the  lower  arrows,  where  the  currents  are  in  op- 
V      I      posite  directions,  the  efiect  is  the  same  as  should 
result  from  the  magnets  of  which  the  contiguous 
poles  are  of  the  same  name,  and  hence  repulsion* 

A  wire  carrying  an  electric  current  being  thus  a  magnet, 
it  acts  upon  permanent  magnets,  attracting  or  repelling, 
according  to  its  position,  and  generally,  from  the  combina- 
tion of  the  two  forces,  generating  very  complex  and  singular 
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motions.  These  actions  have  been  so  minutely  and  so  ex- 
tensively studied^  as  to  constitute  a  distinct  branch  of  this 
department,  termed  electro-magneiism  ;  but  being  unimpor- 
tant in  detail,  except  in  physical  relations,  I  shall  only  notice 
the  experiments  by  which  CEersted  first  created  this  branch 
of  science,  and  which  have  ultimately  led  to  one  of  the  best 
measures  of  electricity »  the  multiplying  galvanometer. 

If  a  Galvanic  current  be  passed  over  a  magnet  in  the 
direction  of  the  arrow  in  the  figure,  and  that  the  needle  be 

moveable  on  its  centre,  it  endea- 


t 


S 


^^  I     vours  to  assume  a  position  such 


as  will  bring  it  parallel,  and  with 
opposite  poles  presented  to  the 
magnet  which  the  wire  repre- 
sents ;  and  hence  in  the  figure  the  motion  should  be  to  bring 
the  south  pole  above  the  plane  of  the  paper,  and  to  depress 
the  north  pole  below  it,  until  the  needle  had  assumed  a  posi- 
tion perpendicular  to  the  conducting  wire.  If  the  current 
had  been  in  the  opposite  direction,  the  action  should  have 
been  reversed,  and  the  north  pole  should  have  been  turned 
up  from  the  paper,  but  if  the  current  be  reversed  at  the  same 
time  that  it  is  brought  under  the  needle  as  in  the  figure,  it 
causes  a  deflection  similar  to  that  of  the  superior  portion, 
and  hence  the  angle  through  which  the  needle  moves  is  much 
increased.  If  the  needle  were  affected  only  by  the  current 
passing  over  or  under  it,  its  ultimate  position  should  be,  in 
all  cases,  at  right  angles  to  the  current,  but  as  the  magnetic 
action  of  the  earth  tends  constantly  to  bring  it  back  to  its 
direction  of  north  and  south,  the  position  which  it  ultimately 
assumes  is  the  resultant  of  the  two  forces. 

The  deflection  of  the  needle  being  thus  an  indication  of 
the  passage  of  an  electric  current  through  the  wire,  it  is  de- 
sirable in  practice  to  give  the  power  of  the  current  as  much 
effect  as  possible,  and  at  the  same  time  to  diminish  as  much 
as  can  be  done  the  action  of  the  terrestrial  magnetisn).  The 
first  is  effected  easOy  by  increasing  to  the  desired  degree  the 
number  of  turns  which  the  wire  makes  round  the  needle,  for 
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ihe  total  effect,  as  will  easily  be  understood  from  the  descrip- 
tioB  of  the  figure  above,  is  proportional  to  the  number  of 
coils ;  but  the  diminution  of  the  effect  of  the  earth  upon  the 
needle  requires  some  more  care.  If  the  needle  be  made  but 
feebly  magnetic,  the  power  of  the  current  to  turn  it  diminishes 
just  as  much  as  the  power  of  the  earth  to  prevent  its  turning, 
and  there  is  hence  nothing  gained,  but  the  object  is  effected 
by  using  a  combination  of  two,  three,  or  four  powerful  needles 
so  arranged,  that  with  regard  to  the  earth  they  are  made  to 
represent  one  very  feeble  needle.  Thus,  in  the  figure,  the 
three  magnets  n  and  s,  being  suspended  with  their  opposite 
=aN  poles  next  one  another,  act  on  each 
j«  £  other  so  powerfully,  that  the  remote  and 
weaker  opposing  action  of  the  earth 
becomes  almost  insensible.  A  current 
passing  in  the  direction  of  the  arrows  c,  e,  d,  will  tend  to  de- 
press the  north  poles  of  the  upper  and  lower,  and  the  south 
pole  of  the  middle  needle  below  the  plane  of  the  paper,  and 
when  it  passes  under  the  middle  needle,  its  action  upon  it  will 
be  die  same,  since  its  direction  is  reversed.  The  amount  of 
deflection  of  such  a  system  of  needles  will  still  be  regulated  by 
residual  terrestrial  influence,  but  as  this  may  be  rendered  as 
small  as  may  be  wished,  the  delicacy  of  the  apparatus  may  be 
increased  without  limit.  It  is  not  desirable  that  the  system 
of  needles  should  be  completely  astatic,  that  is,  indifferent  to 
the  earth,  for  then  the  degree  of  deflection  by  a  given  cur- 
rent sboidd  be  effected  by  trivial  and  accidental  causes ;  but 
by  leaving  a  smaU  residue  of  terrestrial  magnetic  effect,  the 
current  acts  against  this,  and  thus  produces  a  deflection  sub- 
ject to  an  assignable  law,  by  which  the  strength  of  the  cur- 
rent may  be  determmed.  Within  a  certam  limit,  about  30°, 
the  angle  of  deflection  is  proportional  to  the  quantity  of  elec- 
tricity flowing  along  the  wire,  but  beyond  that  it  follows,  a 
more  complicated  law,  which,  as  involving  mathematical  re- 
lations, I  sball  not  admit  here.  To  obtain  a  greater  degree 
of  delicacy  and  uniformity  of  action,  the  system  of  needles 
is  in  all  good  instruments  hung  by  a  thread  of  glass  or  of 
silk,  like  the  beam  of  Coulomb's  balance  (page  182).    The 
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deflecting  force  then  acts  against  the  force  of  torsion^  and 
the  resistance  to  be  overcome  is  reduced  to  its  simplest  pos* 
sible  conditions. 


The  galvanometer,  such  as  with  the  thermo-pile,  consti- 
tutes the  thermo-multiplier,  is  represented  in  section  and  in 
perspective,  in  the  above  figures  ;  the  same  letters  apply  to 
both.  A,  B,  c,  is  the  frame  around  which  the  copper  wire  h 
coiled,  the  ends  t  of  which  terminate  in  the  metallic  tubes 
F,  f'.  This  frame  is  fixed  on  a  horizontal  plate  d,  e,  which 
can  turn  in  its  own  plane  around  its  centre,  by  means  of  a 
toothed-wheel  and  endless  screw,  which  is  put  in  motion  hf 
the  button  a.  q,  m,  N,is  the  support  of  the  astatic  system  of 
two  magnetic  needles,  suspended  to  a  thread  of  cocoon-8i& 
y,  L.  R  s  is  the  glass  cylinder,  secured  by  brass  Hugs  p,  s,  y,  z, 
which  covers  the  apparatus,  and  rests  on  the  base  k,  i.  A 
graduated  semicircle,  accurately  divided,  is  drawn  upon  the 
card,  and  by  means  of  the  supporting  screws,  and  the  move- 
ment of  the  frame  a,  b,  c,  the  upper  needle  is  brought  to  be 
exactly  parallel  to  the  coils,  and  to  point  to  the  commence- 
ment of  the  scale,  being  regulated  in  its  height  by  means  of 
the  screw  x,  with  which  the  silk  thread  is  in  connexion. 

Where  the  current  to  be   measured  by  the  Galvano- 
meter is  derived  from  a  thermo-electric  combination,   it  is 
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necessary  that  the  wire  should  be  much  thicker  than  for  a 
skmlar  current  from  a  hydro-electric  source,  as  the  lowinten^ 
sit  J  of  the  fluid  thrown  into  motion  by  heat  mighf  cause  falser 
indications  of  its  quantity,  unless  an  ample  path  were  opened 
through  the  best  conductors  for  it ;  the  number  of  coils  for 
a  thermo-electric  galyanometer  should  also,  for  the  same  rea- 
son, be  as  few  as  possible*  It  is,  therefore,  not  usual  to  employ 
the  same  instrument  for  these  two  kinds  of  researches.  The 
position  of  the  galvanometer  in  employing  the  thermo-electric 
pile  in  the  researches  on  radiant  heat,  has  been  described, 
page  156,  and  its  use  in  measuring  the  quantity  of  electricity 
flowing  from  galvanic  sources,  which  has  been  already  partly 
noticed,  will  be  further  described  in  a  future  place. 

The  passage  of  an  electric  current  in  the  vicinity  of  any 
substance  capable  of  assuming  magnetic  properties  is  thus, 
by  what  has  passed,  shown  to  be  sufficient  for  their  excita*- 
tion,  and  conversely  if  a  magnet^  whether  permanent  or 
temporarily  produced,  be  brought  near  a  substance  through 
which  an  electric  current  may  circulate,  a  current  is  imme* 
diately  formed,  the  direction  of  which  is  always  the  same 
as  that  of  a  pre-existing  current  which  would  have  conferred 
on  the  magnet  the  properties  which  it  actually  has.  In  like 
manner  one  current  may  generate  another  in  a  closed  con- 
ductor near  it,  precisely  as  one  magnet  may  produce  another, 
or  that  a  body  statically  excited  may  induce  the  electric 
condition  on  the  bodies  in  its  neighbourhood  ;  but  such 
peculiar  influences  are  too  removed  from  the  proper  domain 
of  chemistry  to  justify  any  detailed  description  of  them. 

In  concluding  this  section  of  the  subject  of  electricity,  it 
is,  however,  important  to  prevent  its  being  supposed,  that, 
by  the  omission  of  such  considerations,  they  are  to  be  con- 
sidered as  of  inferior  interest  in  the  phenomena  of  nature* 
It  is  so  much  the  reverse,  that,  perhaps,  one  of  the  most 
active  sources  of  the  electricity  which  we  shall  find  to  play  a 
most  important  part  in  chemical  combination,  is  derived  from 
the  induction  of  the  mimetic  influence  of  the  earth  itself:  for 
Ae  earth  being  rendered  magnetic,  by  means  of  the  thermo«- 
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electric  currents  which  circulate  around  it,  spirally  from 
the  equator  to  the-  poles,  it  is  sufficient  to  bend  a  bit  of 
copper  wire  into  a  ring  and  whirl  it  round  the  finger,  in  the 
plane  of  the  magnetic  equator,  to  obtain  a  current  through 
the  wire.  A  disk  of  copper  revolving  in  this  plane  is  a  source 
of  electricity  derived  from  the  iuductive  influence  of  the  earth, 
differing,  indeed,  amazingly  from  the  brilliant  excitation  of 
the  thunder  cloud,  but  surpassing  it  far  in  real  power  of 
effect,  and  in  the  quantity  of  the  electric  fluid  actually 
brought  into  play.  We  arrive  here,  indeed,  at  the  extreme 
modification  of  this  active  and  omnipresent  force :  we  found 
it  in  the  commencement,  though  existing  in  exceedingly  small 
quantity,  preservable  only  by  the  very  best  insulating  means, 
and  manifesting  its  tendency  to  escape,  by  the  attractions, 
the  flashes,  the  mechanical  violence  which  characterize  ma* 
chine  electricity ;  whilst,  in  the  form  of  magnetism,  or  of  a 
magneto-electric  current,  though  present  in  a  quantity  many 
millions  of  times  greater,  it  flows  uniformly,  and  almost  in- 
sensibly along  the  perfect  conductors  through  which  alone 
it  is  competent  to  pass,  and  it  requires  particular  care  to  suc- 
ceed in  demonstrating  its  heating,  its  luminous,  or  its  me- 
chanical effects ;  but  we  recognize  in  it,  nevertheless,  the 
untiring  agent  by  which  the  inorganic  superstructure  of  the 
habitable  globe  has  been  produced,  by  which  the  depositories 
of  the  most  important  metals  in  the  clefts  of  rocks  have  been 
accumulated,  and  which  being  thus  the  safeguard  of  navi- 
gation, the  source  of  all  metallurgic  industry  becomes  not 
less  important  to  the  civilization  of  mankind  at  large,  than 
it  is  found,  from  its  paramount  influence  on  chemical  a£5nity, 
its  power  to  separate  those  elements  most  intimately  joined, 
and  to  effect  the  union  of  those  which  appear  most  adverse 
to  mutual  combination,  as  well  as  the  faciHty  with  which  its 
principles  may  be  applied  to  the  explanation  of  the  laws  of 
chemical  phenomena,  to  be  available  in  the  hands  of  the 
philosopher  for  the  advancement. of  science. 

To  the  chemist,  therefore,  the  most  useful  property  of  elec- 
tricity is  the  power  which  it  possesses  of  modifying,  annuls 
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ling,  or  superseding  chemical  affinity.  I  have  hitherto 
avoided  as  much  as  possible  involving  any  ideas  of  chemical 
decompositioa  in  the  account  of  electricity  just  given^  re* 
stricting  myself  to  narrate  such  circumstances  as  might  serve 
for  the  recognition  of  bodies  by  means  of  their  electrical 
properties,  independent  of  their  chemical  constitution.  But 
the  question  of  whether  electrical  influence  and  affinity  are 
identical,  or  what  are  their  exact  relations,  and  the  discussion 
of  the  theory  of  electro-chemical  combination,  still  remain, 
and  will  be  examined  when,  first,  the  nature  of  affinity  and 
the  distinction  between  it  and.  the  action  of  cohesive  force  has 
been  described,  and  the  general  system  of  nomenclature  by 
which  chemical  substances  are  designated  has  been  briefly 
noticed. 


CHAPTER  V. 

OF  CHEMICAL  NOMENCLATURE. 

The  general  properties  and  laws  of  the  physical  agents, 
cohesion,  light,  heat,  and  electricity,  having  been  now  de- 
scribed so  far  as  was  necessary,  that  we  may  avail  ourselves 
of  those  properties  in  characterizing  the  substances,  elemen- 
taiy  or  compound,  whose  more  peculiarly  chemical  relations 
we  shall  now  proceed  to  study ;  it  is  necessary  to  prefix  to 
the  description  of  the  forces  by  which  chemical  union  is 
effected,  and  of  the  laws  by  which  it  is  controlled,  a  short 
statement  of  the  principles  upon  which  the  names  of  the  ^ 
substances  to  which  there  will  be  frequent  occasion  to  refer, 
have  been  constructed. 

There  are  at  present  known  fifty-five  substances,  which 
the  chemist  has  not  been  as  yet  able  to  separate  into  other 
elements*     These  are  distinguished  by  the  following  names : 
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Oxygen, 

0 

Potassium, 

K 

Arsenic, 

As 

Hydrogen, 

H 

Sodium, 

Na 

Antimony, 

Sb 

Nitrogen, 

N 

Lithium, 

Li 

Tungsten, 

W 

Carbon, 

C 

Barium, 

Ba 

Molybdenum, 

Mo 

Boron, 

B 

Strontium, 

Sr 

Tantalum, 

Ta 

Silicon, 

Si 

Calcium, 

Ca 

Chromium, 

Cr 

Sulphur, 

S 

Magnesium, 

Mg 

Vanadium, 

V 

Selenium 

Se 

Aluminum, 

Al 

Uranium, 

U 

Phosphorus, 

P 

Glucinum, 

G 

Gold, 

Au 

Chlorine, 

a 

Zirconium, 

Zr 

Iridium, 

Ir 

Iodine, 

I 

Thorium, 

Th 

Osmium, 

Os 

Bromine, 

Br 

Yttrium, 

Y 

Platinum, 

PI 

Fluorine, 

F 

Cerium, 

Ce 

Tin, 

Sn 

Tellurium, 

Te 

Lanthanum, 

Ln 

Lead. 

Pb 

Mercury, 

Hg 

Manganese, 

Mn 

Bismuth* 

Bi 

Zinc, 

Zn 

Iron, 

Fe 

Silver, 

Ag 

Cadmium, 

Cd 

Copper, 

Cu 

Palladium, 

Pd 

Cobalt, 

Co 

Titanium,    . 

Ti 

Rhodium, 

R 

Nickel, 

Ni 

By  the  combination  of  these  bodies  amongst  each  other^ 
the  various  substances  which  exist  in  nature  are  produced. 

These  simple  bodies  have  been  divided,  from  the  earliest 
days  of  accurate  chemistry,  into  two  classes,  the  metallic  and 
the  non-metallic  elements.    The  first  thirteen  in  the  list  are 
non-metallic ;  the  remaining  bodies  are  metallic.    It  is  found, 
however,  that  this  division  is  only  popularly  correct;  no 
matter  how  we  may  define  a  metal,  we  cannot  avoid  breaking 
through  connexions  of  the  most  intimate  and  important 
kind,  if  we  endeavour  to  retain  the  class  of  metals  as  one 
founded  on  really  existing  chemical  principles.    Thus,  in 
density  and  lustre,  arsenic  and  tellurium  are  indubitably 
metals,  and  yet  if  we  class  these  bodies  with  copper  or  lead, 
we  break  through  all  laws  of  chemical  analogy,  for,  in  their 
combinations,  they  assimilate  themselves  most  perfectly,  one 
to  sulphur,  and  the  other  to  phosphorus.    In  selemant^ 
also,  the  metallic  characters  are  so  feebly  marked,  that  even 
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did  we  not  know  that  by  its  properties  it  must  be  classed 
with  sulphnr,  we  could  not  place  it  as  a  metal  without  great 
doubt. 

In  describing  the  simple  bodies,  I  shall  retain  as  a  divi- 
sion the  chemistry  of  the  metals,  for  the  classification,  like 
all  those  which  have  been  long  in  extensive  use,  has  in  some 
lespecta  much  utility  and  truth,  but  in  cases  where  the  study 
of  certain  bodies  will  be  facilitated  by  departing  from  it,  I 
shall  not  hesitate  to  do  so.  In  order  to  avoid  confusion  sub- 
sequently, I  shall  here  describe  as  succinctly  as  possible  the 
nomenclature  which  has  been  adopted  in  chemistry ;  for,  in 
a  science  where  the  multiplicity  of  objects  to  be  noticed  is  so 
great,  it  is  of  the  highest  importance  that  the  principles  upon 
winch  the  names  of  these  objects  are  founded,  should  clearly 
be  understood. 

In  all  conditions  of  science,  the  nomenclature  has  been 
regulated  by  the  prevalent  theoretical  ideas  of  the  time,  and 
it  is  probably  vain  to  look  for  a  system  of  names  which  shall 
tell  what  the  bodies  really  are,  and  not  pretend  to  tell  more; 
for  that  would  suppose  that  we  knew  what  the  bodies  are, 
whereas,  in  the  most  perfect  state  of  science,  we  only  know 
what  we  believe  them  to  be.  Thus,  at  a  time  when,  by  a 
mal-application  to  chemistry  of  the  analogy  of  the  human  body 
and  its  soul,  all  bodies  were  looked  upon  as  having  a  volatile 
and  a  fixed,  an  active  and  an  inert  element,  the  names  of 
spirit  of  wine,  spirit  of  hartshorn,  and  spirit  of  salt,  were 
mvented ;  at  a  later  period,  when  the  theory  of  phlogiston 
prevailed  in  the  minds  of  chemists,  the  spirit  of  salt  became 
dephlogisticated  marine  add ;  when  the  important  functions 
of  oxygen  were  pointed  out  by  Lavoisier,  the  name  was 
in  his  theory  changed  to  oxymuriatic  acid ;  and,  finally, 
when  the  present  view  was  introduced  by  Davy,  the  name 
hydrochloric  add  became  the  most  correct*  The  cause  of 
this  is,  that  in  a  good  system  of  chemical  nomenclature,  we 
require  two  conditions  which  it  is  very  difficult  to  success- 
fally  combine ;  that  the  name  shall  not  only  tell  us  that  the 
auhstance  is  an  independent  substance,  but  that  it  shall  give 
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to  US  an  idea  of  its  most  important  chemical  character,  its 
composition;  thus,  the  name  prussic  acid  is  less  strictly 
scientific  than  that  of  hydrocyanic  acid,  which  shows  us  that 
its  elements  are  hydrogen  and  cyanogen;  and  iron  pyrites 
gives  a  less  perfect  picture  of  the  body  it  describes  than 
the  words  bisulphuret  of  iron*  The  necessity  for  indicating 
by  the  chemical  name  of  a  body  its  chemical  composition,  b 
thus  what  renders  chemical  nomenclature  at  once  so  variable 
and  so  complex,  but  it  is  also  that  which  alone  enables  us  to 
connect  distinct  ideas  with  our  words. 

The  benefit  conferred  upon  chemistry  by  the  nomencla- 
ture introduced  by  Lavoisier  and  Guyton,  was  scarcely  infe- 
rior in  its  importance  to  the  accurate  ideas  of  combination 
in  which  it  had  its  origin.  The  removal  of  the  unconnected 
and  unfounded  names,  which  had  been  invented  by  the 
older  chemists,  and  the  invention  of  the  idea  that  every  name 
of  a  compound  body  should  express  its  composition,  involved 
the  increase  of  accuracy  in  the  minds  of  those  chemists  by 
whom  science  was  subsequently  to  be  prosecuted,  which  may 
be  looked  upon  as  the  most  fertile  source  of  the  discoveries 
made  up  to  the  present  day. 

The  names  most  employed  in  chemistry  are  ocfc/,  base, 
and  sidi.  The  word  acid  signifying  originially  sour,  was 
applied  to  all  bodies  which  tasted  like  vinegar.  The  word 
base  signifies  any  substance  which,  uniting  with  an  acid, 
forms  a  compound,  of  which  it  is  the  basis  or  foundation,  and 
the  compound  formed  by  their  union,  being  generally  similar  to 
common  salt  in  superficial  characters,  is  termed  a  saU.  Thus 
oil  of  vitriol  tasting,  when  mixed  with  water,  sour,  is  an 
acid ;  soda  is  a  base,  and  when  combined  they  form  the  weD 
known  salt  called  after  Glauber,  who  discovered  it.  Such 
are  the  names  of  those  classes  of  bodies,  the  discovery  of 
which  dates  from  a  remote  period. 

Acting  on  the  principle,  that  in  naming  a  simple  sub- 
stance, the  name  should  be  derived  from  its  most  characte- 
ristic property,  Lavoisier  formed  the  word  "  oxygen,"*  from 
oZvQ$  acid,  and  yevvato,  I  generate,  to  signify  the  important 
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substance,  the  functions  of  which  he  was  the  first  to  show, 
and  which  he  imagined  to  have  the  peculiar  property  of 
fonmng  acids*  In  like  manner,  he  constructed  the  word 
*'  hydrogen,**  from  vSoip,  water,  and  ycvvaai,  to  express  its 
most  important  property,  of  being  an  element  of  water.  This 
principle  can,  however,  seldom  be  rigidly  acted  on ;  for  ex- 
ample, oxygen  is  as  much  a  toater  former  as  hydrogen,  and 
the  name  of  oxygen  itself  is  not  without  objection,  as  the 
preeminence  as  acid  former,  which  Lavoisier  imagined  it  to 
possess,  has  been  latterly  overthrown.  In  the  case  of  simple 
bodies,  names  derived  from  quite  arbitrary  sources,  as  tel- 
lurium, from  iettus,  the  earth ;  selenium,  from  (n)Xi|vi|,  the 
moon ;  vanadium  and  thorium,  fromVanadis  and  Thor,  deities 
of  Scandinavian  mythology;  chlorine,  from  x^<t^poc»  yellowish 
green,  (its  colour;)  and  similarly  iodine,  from  iOEiSijc,  (like  a 
violet,)  have  a  great  superiority  over  those,  which,  by  at- 
tempting to  teach  more  when  first  invented,  have  the  disad- 
vantage of  teaching  falsely  at  a  fiiture  period. 

The  simple  bodies,  combining  with  each  other,  form 
compound  bodies  of  the  first  order,  or  binary  compounds. 
The  names  of  those  binary  compounds  which  contain  oxygien 
are  of  two  kinds,  according  as  the  compound  possesses  acid 
properties  or  not ;  if  it  be  an  acid,  the  word  acid  is  added  to 
that  of  the  other  body  to  which  the  termination  ic  is  joined. 
Thus,  the  acid  compound  of  sulphur  and  oxygen  is  sulphuric 
acid;  the  acid  compound  of  phosphorus  and  oxygen  is 
phosphoric  add.  It  frequently  happens  that  the  same  body 
forms  with  oxygen  two  acids,  in  which  case,  that  containing 
most  oxygen  retains  the  terminal  fc,  whilst  that  in  which 
there  is  least  oxygen  ends  in  ous.  Thus,  there  is  sulphur- 
aus  acid,  and  phosphorous  acid,  consisting  of  sulphur  united, 
with  less  oxygen  than  could  form  the  sulphuric  or  the  phos- 
phoric acids.  Many  bodies  form,  however,  with  oxygen 
more  than  two  acids,  and  in  this  case,  a  new  principle  of 
nomenclature  has  been  introduced  :  the  words,  vvOf  hypo, 
and  vwcp,  hyper,  under  and  over,  are  prefixed  to  the  de- 
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grees  terminating  as  before  stated.  Thus,  tbere  is  an  acid 
of  sulphur,  containing  less  oxygen  than  the  sulphurous  acid, 
and  it  is  called  hypo-^ulphm-ous  acid ;  and  also  an  acid  con- 
taining more  oxygen  than  the  sulphurous,  but  less  than  the 
sulphuric  acid,  this  might  be  called  either  hyper-sulphuraut, 
or  hypo'Bulphurie  add  ;  the  latter  name  has  been  universally 
adopted.  Chlorine  forms,  with  oxygen,  four  acids,  which 
are  the  Aypo-ehlorous  acid,  chlorous  acid,  chloric  add,  and 
hyper-chloric  acid,  or,  as  it  is  ofk»n  called,  substituting  the 
shorter  Latin  per  for  the  Greek  vircp,  perchloric  acid. 

In  cases  where  the  compound  formed  with  oxygen  is  not 
an  acid,  it  is  termed  an  oxide  t>f  the  substance  with  whidi 
the  oxygen  is  united.  Thus,  oxide  of  lead,  oxide  of 
iron,  oxide  of  copper,  are  respectively  the  compounds  of 
oxygen  with  lead,  with  iron,  and  with  copper.  In  many 
cases,  where  oxygen  unites  with  bodies  in  more  than  one 
proportion,  one  compound  may  be  an  acid  and  the  other  not. 
Thus,  manganese  uniting  with  oxygen  gives  manganic  acid 
and  permangamc  acid,  but  in  a  lower  degree  of  oxidation  it 
forms  several  oxides  of  manganese.  For  as  a  substance  uni- 
ting with  oxygen  may  form  many  acids,  so  may  it  form  many 
oxides  also ;  and  in  such  cases,  it  becomes  necessary  to  dis- 
tinguish them  from  one  another.  This  is  done  by  the  adop- 
tion of  the  Greek  words  irp\rog,  Stvrspog,  rpiToc^  (first,  second^ 
third,)  prefixed  to  the  word  oxide.  Thus,  we  say,  protoxide 
of  lead,  deutoxide  of  lead,  tritoxide  of  iron;  the  oxide  which 
contains  most  oxygen  is  often  called  the  peroxide,  and  that 
which  contains  least  the  suboxide,  sl^  peroxide  of  manganese^ 
suboxide  of  copper.  The  word  sesqui  (one  and  a  half)  ia 
also  used  for  oxides  intermediate  between  protoxides  and 
deutoxides,  but  the  nomenclature  then  involves  numerical 
proportions,  which  will  require  to  be  described  hereafter. 

Some  other  simple  non-metallic  bodies,  in  combining  with 
the  metals,  form  compounds,  of  which  the  names  are  con- 
structed on  the  same  plan  as  those  of  the  metallic  oxides. 
Thus, 
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Chlorine  forms  Chlorides. 
Iodine        ,,     Iodides. 
Bromine     „     Brpmides. 
Fluorine     ,,      Fluorides. 

The  compounds  of  sulphur  with  the  metals  having  been 
popularly  named  before  Lavoisier's  time,  and  it  being  desir- 
able to  retain,  as  much  as  possible,  the  names  already  in 
comm<m  use,  a  different  form  of  termination  is  adopted  for 
that  body  and  some  others.    Thus, 

Sulphur  gives  Sulphurets. 
Selenium      ,,  Seleniurets. 
Tellurium     ,,  Tellurets. 
Carbon         „  Carburets. 
Nitrogen       „  Nitrurets. 
Phosphorus  ,,  Phosphurets. 
Arsenic         i,  Arseniurets. 

To  distinguish  between  the  different  sulphurets  or  chlo- 
rides, &c.,  of  the  same  metal,  the  Grreek  prefixes,  are  adopted 
as  in  the  case  of  oxides.  We.  have  thus,  proto-chlaride  and 
deuto^Uoride  of  manganese ;  ahOf  perchlorides  and  subchlo^ 
rides.  The  Latin  bis,  is  often  substituted  for  the  Greek  deuto^ 
as  the  bichloride  of  tin  in  place  of  the  deuto-chloride.  Among 
continental  chemists  names  which  should  be  translated  chlo' 
ruret  in  place  of  chloride ,  and  sulphide  in  place  otstdphurei, 
are  frequently  employed ;  but  as  these  are  founded  on  cer- 
tain theoretical  ideas  that  have  not  been  yet  discussed,  the 
propriety  of  adopting  such  additional  terminations  cannot 
be  considered  until  we  have  proceeded  farther. 

Where  two  non-metallic  bodies  are  united,  it  is  a  ques- 
tion how  the  name  of  the  compound  should  be  formed.  Thus 
in  a  compound  of  chlorine  and  phosphorus,  should  it  be 
called  chloride  of  phosphorus  or  phosphuret  of  chlorine? 
This  is  decided  by  referring  to  the  classification  of  the  sim- 
ple bodies  which  will  be  hereafter  given,  and  which  is  founded 
on  a  view  of  all  tbeir  chemical  properties  taken  together. 
Whichever  element  stands  highest  in  the  scale,  gives  the 
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characteristic  name  to  the  compound  body.  Thus  chlorine 
is  above  phosphorus,  and  we  say  chloride  of  phosphorus. 
Iodine  is  also  above  phosphorus,  and  we  say  iodide  ofphos^ 
phorusf  but  iodine  is  below  chlorine,  and  we  hence  call  the 
compound  which  they  form,  chloride  of  iodine. 

The  combination  of  the  metals  with  each  other,  except 
in  some  peculiar  instances,  are  termed  alloys.  Thus  we  say 
brass  is  an  aUoy  of  copper  and  zinc ;  fusible  metal  is  an  cdloy 
of  bismuth,  tin,  and  lead.  Where  one  metal  is  mercury,  the 
alloy  is  termed  an  amalgam  of  the  other  two  metals ;  thus,  an 
amalgam  of  silver  is  an  alloy  of  mercury  and  silver;  an 
amalgam  of  tin  is  an  alloy  of  mercury  and  tin*  Arsenic  and 
tellurium  are  so  far  removed  from  the  metals  by  their  chemi- 
cal characters,  that  their  compounds  with  the  proper  metals 
have  the  peculiar  termination  in  uret. 

By  the  union  of  two  primary  compounds,  there  is  formed 
a  secondary  compound.  These  secondary  compounds  are  ge- 
nerally termed  salts.  The  word  salt,  is,  however,  applied  to 
numerous  classes  of  primary  compounds.  Thus,  the  metallic 
iodides,  chlorides,  bromides,  and  fluorides  are  recognized  as 
salts.  It  is  now  also  a  debated  question  whether  the  bodies 
formed  by  the  direct  union  of  an  acid  and  an  oxide  are  reaDy 
primary  or  secondary  compounds ;  but  I  shall  now  describe 
only  the  ordinary  nomenclature  of  those  bodies,  postponing 
the  discussion  of  their  intimate  constitution  to  another  place. 
When  an  acid  and  a  metallic  oxide,  b*oth  primary  compounds, 
combine  to  foitn  a  secondary  compound  or  a  salt,  the  specific 
name  of  the  salt  is  that  of  the  base,  without  any  change  ;  we 
thus  say  a  salt  of  soda,  a  salt  of  oxide  of  copper ;  the 
generic  name  is  taken  from  the  acid,  the  word  acid  being 
omitted,  and  the  final  ic  being  changed  into  ate;  or  the  final 
ous  into  He.  There  is  thus  formed  from  sulphuric  acid  and 
soda  sulphaie  of  soda.  From  nitric  acid  and  oxide  of  lead, 
nitrate  of  oxide  of  lead.  From  sulphurous  acid  and  potash, 
sulphite  of  potash.  From  hypochlorous  acid  and  lime,  hypo^ 
chlorite  of  lime.  Where  the  salt  contains  an  oxide  of  one 
of  the  common  metals,  it  is  usual  to  suppress  the  words  of 
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oxide  in  its  name,  and  thus  to  say,  sulphate  of  copper,  in 
place  of  sulphate  of  oxide  of  copper ;  nitrate  of  lead,  in  place 
of  nitrate  of  oxide  of  lead.  The  strict  correctness  of  language 
is  thus  sacrificed ;  but>  if  the  idea  of  the  composition  of  the 
salt  be  held  dearly  in  the  mind,  the  abbreyiation  is  not  inju- 
rious ;  this  mode  of  naming  salts  is  so  umversal,  that  break- 
ing in  on  it  might  be  productive  of  more  injury  than  allowing 
it  to  remain ;  I  shall  therefore  say,  for  example,  nitrate  of 
kad,  understanding  however,  that  the  nitric  acid  is  combined 
not  with  lead,  but  with  oxide  of  lead. 

It  frequently  happens  that  a  metal  forming  with  oxygen 
two  oxides,  will  form  with  acids  a  class  of  salts  for  each 
oxide.  In  this  case  the  words proto,  deuto,  sesquif  or  per,  by 
which  the  oxides  are  distinguished  from  each  other,  are  pre- 
fixed to  the  generic  name  of  the  salt*  We  thus  say,  proto- 
Bulphate  of  iron ;  persulphate  of  iron  ;  indicating  that  there 
is  in  one  salt  the  protoxide,  and  in  the  other  the  peroxide 
of  iron.  We  have  sesqui-sulphate  of  manganese,  and  deuto- 
sulphate  of  platinum.  The  relative  quantity  of  acid  and 
base  being  liable  to  variation,  there  are  acid  salts  with  an 
excess  of  acid,  and  basic  salts  with  an  excess  of  base*  In 
such  case,  the  propoi^tion  of  acid  is  marked  by  the  Latin  fti, 
ier,  &c.,  as  bisulphate  of  potash,  and  the  proportion  of  base 
where  it  is  in  excess  by  the  Greek  Sic,  rpig,  &c.,  as  di-sul- 
phate  of  zinc,  tri-sulphate  of  mercury ;  or  still  better  by 
the  words  bi-basic,  tri-basic,  &c.,  to  indicate  the  quantity  of 
base ;  there  is  thus  tribasic-sulphate  of  mercury,  quadribasic- 
sulphate  of  copper,  and  so  on. 

There  are  many  other  kinds  o{  secondary  conqHnmds  than 
the  salts  just  noticed.  Thus,  water  enters  into  numerous 
compounds  which  are  called  hydrates.  This  water  may  act 
in  very  many  different  capacities,  and  its  nomenclature  must 
be  varied  accordingly,  as  shall  be  seen  under  its  proper  head ; 
but  where  we  wish  to  indicate  that  a  body  contains  water, 
without  determining  more  nearly  the  specific  function  of  the 
water,  we  describe  the  body,  as  being  hydrated. 

Oxides  and  chUnide*  combine  together  to  form  secon- 
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dary  compouncUii  which  are  called  oxychlmdes,  as  the 
oxychUmdes  of  mercury,  the  oxychlaride  of  lead.  Oxides 
and  sulphurets  combiiung  form  oxysulphurets,  as  oxysul- 
phuret  of  antimony.  Chlorides  and  sulphur ete  form  by  their 
union  chloro^sulphurets,  as  chloro-sulphuret  of  mercury. 

When  two  chlorides  combinCi  the  compoand  is  termed 
a  double  chloride,  or  a  chloride  of  the  metals ;  as  the  chloride 
of  gold  and  sodium,  the  chlorijde  of  copper  and  poiassiwn.  In 
the  same  way  there  are  double  iodides  and  double  bromides* 
But  where  two  sulphurets  iuiite«  the  nomenclature  has  re- 
ceived an  important  change. 

Berzelius  has  proved  that  in  very  numerous  cases  where 
a  body  forms  an  acid  with  oxyg^i,  which  acid  uniting  with 
a  metallic  oxide  forms  a  salt ;  that  body  uniting  also  with 
sulphur,  gives  a  sulphur  acid,  which,  uniting  ¥rith  a  sul- 
phuret  of  a  basic  metal,  (a  sulphur  base,)  forms  what  he 
terms  a  sulphur  salt.  Thus  double  sulphurets  are  salts,  con- 
sisting of  a  sulphur  acid  imited  to  a  sulphur  base.  Hence, 
as  arsenic  combining  with  oxygen  forms  arsenious  acid,  so 
uniting  with  sulphur  it  produces  sulpho-arsenious  oetcf,  which 
uniting  with  sulphuret  of  lead,  forms  sulpharsemte  of  lead, 
precisely  as  the  oxygen  acid,  uniting  with  oxide  of  lead, 
produces  what  should  be,  called  oxyarsenite  of  lead.  The 
prefix  oxy,  is,  however,  not  used ;  the  ordinary  salts  are  sup- 
posed to  contain  the  oxygen  acid,  and  it  is  only  where  a  salt 
does  not  contain  an  oxygen  acid,  that  an  additional  word  is 
necessary  to  point  out  what  sort  of  acid  it  does  contain. 
Tellurium  and  selenium  act  like  sulphur;  there  are  tellurium 
acids  and  tellurium  bases,  selenium  acids  and  selemum  bases, 
and  hence,  in  place  of  calling  the  compound  of  seleniuret  of 
antimony,  and  seleniuret  of  sodium,  a  double  seleniuret,  it 
is  called  the  selenio-stibiate  of  sodium. 

An  attempt  was  made  to  assimilate  the  nomenclature  of 
the  chlorine  and  iodine  bodies  to  that  of  the  oxygen  and 
sulphur  compounds;  thus,  to  call  chloride  of  mercury  a 
chlorine  acid,  and  chloride  of  sodium  a  chlorine  base,  and 
the  compound  which  they  form,  a  chlorine  salt,  chlorohy- 
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drargyraie  cf  sodium.  This  idea,  however,  has  not  been 
received  into  science^  for,  indeed,  now  the  direction  of  the 
ideas  most  popular  among  chemists,  points  precisely  contrary, 
and  in  place  of  assimilating  the  donble  chlorides  to  ordinary 
oxygen  salts,  there  is  a  general  tendency  to  class  the  ordi- 
nary salts  along  with  the  simple  chlorides. 

Ternary  eompoumb  are  formed  by  the  union  of  two 
aecondaiy  compounds.  Thus,  dry  alum  is  a  compound  of 
sulphate  ef  paiash  and  sulphate  ofabamna.  Compounds  of 
this  order  seldom  exist  in  more  than  one  proportion.  Alum 
combining  with  water  to  produce  the  crystaUUed  alum,  ge- 
nerates a  quaternary  compound,  and  even  more  complicated 
stages  stay  be  attained,  but  they  are  so  rare,  and  of  so  little 
scientific  importance,  that  they  do  not  require  notice  here. 

In  organic  chemistry,  the  principles  of  nomenclature  are, 
for  the  most  part,  identical  with  those  now  stated ;  where 
deviations  occur,  they  will  be  noticed  under  their  proper 
heads.  The  progress  of  science  has,  however,  introduced 
T^narkable  changes  in  the  mode  of  representing  the  consti- 
tution of  bodies,  particularly  by  means  of  the  symbolical 
nomenclature,  now  universally  adopted  after  Berzelius. 

In  the  list  of  the  simple  bodies  in  page  £48,  the  name  of 
each  substance  is  accompanied  by  its  symbol,  which  is  gene- 
raHy  the  initial  letter  of  its  Latin  name ;  and  in  cases  where 
the  name  of  more  than  one  body  begins  with  the  same  letter, 
they  are  distinguished  by  adding  to  the  symbols,  of  all  the 
bodies  but  one,  a  second  letter  in  smaller  type,  which  may 
be  the  second  letter  of  the  word,  or  whatever  letter  will  best 
serve  to  characterise  the  name. 

If  there  be  but  one  nonrmetallic  substance  in  the  group, 
it  is  generally  selected  to  be  denoted  by  the  single  letter,  as, 
-C.  and  P.  for  carbon  and  phosphorus,  whilst  the  metals, 
whose  symbols  have  the  same  letter,  are  denoted  by  Ca.  Co. 
Cd.  Ce.  and  PL  Pb.  Pd.  Where  there  are  more  than  one 
non-metaUic  body  commencing  with  the  same  letter,  it  is  a 
matter  of  indifference  which  is  designated  by  the  one  or  by 
the  two,  but  the  single  letter  is  generally  attached  to  the 
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body  which  is  of  most  importance  in  chemical  phenomena. 
Thus^  S.  is  sulphur,  whilst  Si.  and  Se.  denote  silicon  and 
selenium  respectively. 

The  symbols  of  compound  bodies  are  constructed  by 
grouping  together  the  symbols  of  their  constituents ;  thus, 
Pb.O.  represents  a  compound  of  oxygen  and  lead ;  C.H. 
N.  O.  a  compound  of  carbon,  hydrogen,  nitrogen,  and  oxy- 
gen. The  algebraic  sign  of  addition  is  frequently  used  to 
connect  symbols,  as,  CI  4-  S  chloride  of  sulphur,  I  +  K. 
iodide  of  potassium.  But  I  will  use  that  sign  only  where  I 
wish  to  express  that  the  bodies  so  connected  are  united  by 
an  inferior  degree  of  affinity ;  thus,  CLCa.  is  chloride  of  cal- 
cium dry,  but  when  crystallized,  it  becomes  CLCa.  -f-  6H.O. 
in  which  the  +  sign  is  used  to  show  that  the  water  is  united 
with  the  Ca.  CI.  by  a  power  distinct  from,  and  inferior  to, 
that  which  retains  Ca.  and  CI.  in  combination.  Water  thus 
combined  is  often  represented  by  the  symbol  Aq.  for  water 
is  capable  of  acting  in  a  variety  of  ways  in  combination,  and, 
as  will  be  shown  when  we  come  to  speak  of  the  chemical 
relations  of  water,  it  requires  to  be  expressed  sometimes  as 
H.O.  and  sometimes  as  Aq. 

But  that  which  requires  special  notice,  in  speaking  of 
symbolical  nomenclature,  is,  that  it  involves  essentially  the 
idea  of  numerical  relations.  Thus,  the  symbols  Pb.  or  Cu. 
do  not  call  up  to  the  mind  of  the  chemist  the  simple  ideas  of 
lead  or  copper,  but  of  a  quantity  of  lead,  and  of  a  quantity 
of  copper,  in  the  proportion  of  103-6  and  31*7,  which  is 
termed  an  equivalent  of  each.  Thus,  also,  the  symbol  PbO 
signifies  not  merely  a  compound  of  lead  and  oxygen,  but  spe- 
cially a  compound  of  an  equivalent  of  lead,  and  an  equiva- 
lent of  oxygen,  in  the  proportion  by  weight  of  103-6  of  lead 
and  8'0  of  oxygen.  It  is  thus  that  the  symbol  PbOa,  or  Pb+ 
20,  which  represents  also  a  compound  of  lead  with  oxygen, 
shows  to  the  chemist  that  this  second  body  contains  to  the 
same  103-6,  of  lead,  twice  as  much,  or  16*0  of  oxygen,  as  had 
existed  in  the  former.  PbO  is,  therefore,  protoxide,  and 
PbOa  is  the  peroxide  of  lead. 
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The  details  of  the  applicaUon  of  those  symbols  involve 
thus  the  numerical  laws  of  constitution,  which  have  yet  to  be 
described ;  and  hence  it  is  unnecessary  to  develope  their  ar- 
rangement further  at  present.  It  was  necessary  to  allude  so 
far  to  them  when  speaking  of  nomenclature,  as  I  may  have 
occasion  to  introduce  some  of  them  in  a  general  way  in  the 
next  chapter. 


CHAPTER  VI. 

OF  GHBMICAL  AFFINITY,  AND  ITS  RELATIONS  TO  HEAT, 
TO  LIGHTy  AND  TO  COHESION. 

The  peculiar  power  by  which  we  suppose  chemical  pheno- 
mena to  be  produced,  is  specially  distinguished  from  cohe- 
sion, and  from  all  other  forces  in  nature,  by  exerting  in  the 
different  kinds  of  elementary  or  compound  substances  various 
degrees  of  energy ;  and  by  its  capability  of  acting  upon  cer- 
tain bodies  exclusively,  and  in  preference  to  acting  upon 
others,  which,  so  far  as  physical  circumstances  go,  appear 
equally  exposed  to  its  effects.  Thus,  if  to  some  liquid 
muriatic  acid  there  be  added  a  mixture  of  lime  and  magnesia, 
the  lime  will  all  dissolve  in  the  acid,  before  any  trace  of  the 
magnesia  will  be  taken  up.  If  a  slip  of  iron  be  placed  in  a 
cup  of  nitric  acid,  a  large  quantity  of  deep  red  fumes  are 
immediately  expelled  from  the  acid,  with  an  appearance  of 
boiling  or  effervescence;  and  the  iron  disappears,  being 
taken  up  by  the  liquid  in  place  of  the  substances  which  had 
been  expeUed.  If  a  slip  of  copper  be  dipped  in  the  acid,  the 
same  effect  is  produced ;  but,  if  the  iron  and  copper  be  left 
together  in  the  acid,  no  action  takes  place  upon  the  copper 
tmtfl  the  iron  shall  have  been  totally  dissolved.  The  mu- 
riatic acid,  therefore,  presented  equally  to  lime  and  mag- 
nesia, combines  with  the  lime  in  preference,  and  the  nitric 
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acid  takes  up  coppery  giving  off,  to  make  room  for  it,  a  quan- 
tity of  gaseous  elements  (nitrous  acid  fumes)  it  had  previously 
contained;  but  it  will  take  iron  in  preference  to  copper,  if 
the  two  be  presented  to  it  at  the  same  time.  Chemical  affi- 
nity iS|  therefore,  elective ;  it  chooses  among  a  variety  of 
bodies  which  it  will  act  upon,  and  is  thus  different  from 
cohesion  or  gravity,  which  will  act  upon  all  bodies  equally 
exposed  to  their  influence  at  the  same  time. 

In  the  example  of  the  metal  and  nitric  acid,  there  is  in- 
volved a  second  phenomenon,  which,  equaDy  with  elective 
affinity,  is  characteristic  of  chemical  force.  It  is  decompo' 
sition.  The  copper  cannot  dissolve  in  the  nitric  acid  without 
the  expulsion  of  another  substance.  By  a  simpler  example, 
the  decomposition  may  be  rendered  more  evident.  Sulphu- 
ret  of  hydrogen  consists  of  sulphur  and  hydrogen ;  if  it  be 
brought  into  contact  with  iodine,  the  iodine  expels  the 
sulphur,  and  takes  the  hydrogen ;  the  sulphuret  of  hydrogen 
is  decomposed,  and  a  new  body,  iodide  of  hydrogen,  is  formed. 
Here  the  hydrogen  chose  between  iodine  and  sulphur,  and 
preferred  the  former :  the  greater  affinity  for  the  iodine  caused 
the  decomposition*  Hydrogen  has,  however,  a  still  more 
decided  tendency  to  combine  with  chlorine ;  and,  if  chlorine 
be  brought  into  contact  with  iodide  of  hydrogen,  the  iodine 
is  in  its  turn  expelled,  and  chloride  of  hydrogen  formed. 
Here  is  a  series  of  decompositions  depending  on  the  relative 
power  of  the  affinities  of  chlorine,  iodine,  and  sulphur  for  the 
one  body,  hydrogen.  Thus,  by  the  elective  affinity  of  an  un- 
combined  body,  choosing  among  a  variety  of  other  bodies  all 
equally  nncombined,  there  is  produced  a  new  combinatioa, 
containing  that  for  which  its  affinity  was  strongest.  But 
when  an  uncombined  body  is  put  in  contact  with  two  sub- 
stances already  united,  it  tends  to  separate  them^  to  ooml»iie 
with  one  and  to  set  the  other  finee. 

If  we  could  combine  any  one  body,  as  hydrogen,  for  ex« 
ample,  with  every  other  of  the  simple  substanees,  we  migbt, 
by  such  experiments  as  those  described  with  the  sulphu- 
ret of  hydrogen,  iodine,  and  chlorine,  obtain  an  idea  of  the 
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exact  order  of  intensity  of  the  affinity  of  each  of  them  for 
hydrogen,  and  could  easily  represent,  under  a  tabular  form, 
such  an  idea. ,  This  has  accordingly  been  tried,  and  was^ 
indeed,  the  result  of  the  first  sound  ideas  of  the  nature  of 
chemical  affinity  which  were  obtained.  It  was  not  done 
completely  in  any  case,  for  even  at  present  our  knowledge  is 
not  sufficient  to  enable  us  to  form  a  series,  including  all  the 
simple  bodies.  It  was  particularly  in  the  chemistry  of  the 
salts  that  the  benefit  of  this  principle  was  found ;  and  it  was 
to  explain  and  predict  the  result  of  the  decomposition  of 
salts  that  tables  of  elective  affinity  were  constructed. 

It  has  been  stated  that  if  lime  and  magnesia  be  placed 
together  in  contact  with  muriatic  acid,  the  acid  will  dissolve 
aU  ihe  lime  before  it  acts  upon  the  magnesia ;  the  affinity  of 
lime  for  muriatic  acid  is  therefore  greater  than  that  of  mag- 
nesia for  the  same  acid,  and  hence,  if  to  a  solution  of  mag- 
nesia there  be  lime  added,  the  magnesia  will  be  expelled  and 
the  lime  will  take  its  place.  If  to  the  lime  solution  of  soda 
be  added,  the  lime  will  separate,  and  soda  may  be  in  turn 
expelled  by  potash.  On  the  other  hand,  there  are  many 
metallic  oxides  which  enjoy  a  still  more  feeble  affinity  than 
magnesia;  thus,  if  to  a  solution  containing  oxide  of  iron, 
magnesia  be  added,  the  oxide  of  iron  is  thrown  down  and 
the  magnesia  taken  in  its  place.  In  this  manner  may  be 
arranged  a  series  of  compounds,  consisting  of  difierent  bases, 
in  union  with  the  same  acid ;  and  by  observing  the  order  of 
decomposition  by  each  other,  a  view  of  the  relative  affinities 
which  they  exercise  may  be  formed.  If  also  a  series  of  acids 
be  combined  with  the  same  base,  a  similar  view  of  their  rela- 
tive affinities  may  be  drawn  up.  Thus,  when  a  solution  of  pot- 
ash is  exposed  to  the  air,  it  absorbs  carbonic  acid,  for  which, 
therefore,  the  potash  has  an  affinity  of  a  certain  energy ;  on 
adding  acetic  acid,  the  carbonic  acid  is  expelled,  and  acetate 
of  potash  formed;  on  adding  nitric  acid,  the  acetic  acid  is 
tepeBedTrofm  it,  and  nitMte  of  potash  formed ;  and  firom  this, 
by  means  of  salphuTie  acid,  the  nitric  acid  may  be  recovered^ 
the  potash  remsdning  in  the  state  of  sulphate. 
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The  results  so  described  may  be  exhibited  as  follows^  by 
writing  in  a  column  the  names  of  the  diiFerent  acids,  in  the 
order  of  their  affinities  for  a  certain  base,  (soda)  which  is 
placed  at  top.  Similarly  in  a  column,  at  the  top  of  which  is 
placed  the  name  of  a  given  acid,  the  various  bases  in  the 
order  of  their  affinities  may  be  written.    Thus, 

Soda,  Muriatic  Acid. 

Sulphuric  acid**  Potash. 

Nitric  acid.  Soda. 

Muriatic  acid.  Lime^ 

Acetic  acid.  Magnesia. 

Carbonic  acid.  Oxide  of  iron. 

For  the  simple  bodies  similar  lists  might  be  constructed : 
thus,  in  the  same  way  as  the  series  of  affinities  for  hydrogen 
already  noticed,  a  table  of  affinities  of  the  different  metals 
for  oxygen  may  be  drawn  up  from  observation.  If  to  a  solu- 
tion of  nitrate  of  silver,  in  which  the  silver  is  combined  with 
oxygen,  a  globule  of  mercury  be  placed,  it  dissolves,  and  the 
silver  is  set  free.  By  dipping  into  the  solution  of  nitrate  of 
mercury  a  slip  of  copper,  the  mercury  is  thrown  down,  and 
the  copper  takes  its  place.  From  the  nitrate  of  copper  the 
metal  may  be  thrown  down  by  lead,  and  the  lead  again  pre- 
cipitated by  a  plate  of  zinc.  The  affinities  of  tiie  simple 
bodies  for  each  other  may  be  therefore  expressed,  taking 
hydrogen  and  oxygen  as  illustrations,  by  the  foUovring  co- 
lumns : — 

Hydrogen.  Oxygen. 

Chlorine,  Zinc, 

Iodine,  Lead, 

Sulphur,  Copper, 

Mercury, 
Silver, 

in  which  any  one  body  in  the  list  may  expel  all  below  it  from 
combmation,  and  will  itself  be  expelled  by  every  body  below 
which  it  stands. 
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Such  18  simple  elective  affinity  ;  but  it  often  manifests 
itself  in  a  more  complex,  form,  as  when  it  acts  among  a 
greater  number  of  bodies  than  three,  and  by  the  mutual 
action  of  two  compound  bodies^  two  new  ones  may  be  formed. 
ThuSy  when  nitrate  of  lime  is  decomposed  by  potash,  there 
is  simple  decomposition,  and  the  lime  is  set  free ;  but  if  in 
place  of  pure  potash,  we  employ  carbonate  of  potash,  the 
result  is,  the  formation  of  carbonate  of  lime  :  for  when  the 
potash  leaves  the  carbonic  acid,  to  go  to  the  nitric  acid,  and 
the  nitric  acid  leaves  the  lime,  to  go  to  the  potash,  the  car- 
bonic acid  and  the  lime,  finding  themselves  in  presence  of  one 
another,  unite  and  precipitate  as  carbonate  of  lime.  The 
nature  of  the  decomposition  may  be  more  clearly  shown  from 
the  figure : 

fNitric  acid.    Potash.  1 

\Lime.  Carbonic  acid.J 

The  bodies  existing  before  mixture  being  composed  of  those 
written  above  one  another,  and  those  formed  by  decomposi- 
tion consisting  of  th«6e  which  are  in  the  same  horizontal 
line. 

This  action  is  termed  double  decomposition.  In  the  ex- 
ample just  stated,  the  difference  between  it  and  simple  decom- 
position may  appear  to  have  been  accidental,  the  potash 
acting  precisely  as  if  it  had  been  free,  and  the  lime  and  car- 
bonic acid  uniting,  only  because  they  came  into  contact, 
without  any  other  ties,  and  hence  combined  together ;  but 
the  peculiarity  of  double  decomposition  is,  that  by  means  of 
it,  reactions  may  occur  which  could  not  have  been  produced 
by  simple  affinity,  and  which,  on  the  contrary,  appear  to 
have  been  produced  in  opposition  to  it.  Thus,  ammonia 
cannot  decompose  nitrate  of  lime ;  on  the  contrary,  lime  will 
take  nitric  acid  from  ammonia ;  and  yet  if  we  mix  a  solution 
of  nitrate  of  lime  and  carbonate  of  ammonia,  they  decompose 
each  other,  and  by  double  elective  affinity,  there  are  formed 
nitrate  of  ammonia  and  carbonate  of  lime.  As  in  the  for- 
mer diagram,  the  compounds,  before  and  after  mixture,  are 
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found  arranged  in  the  horizontal  and  vertical  lines  of  the 
diagram : 

P^itric  acid.    Ammonia.        1 

\Lime.  Carbonic  acid.J 

In  fact,  in  order  to  understand  the  cause  of  such'  double 
decomposition,  we  must  take  into  account  not  merely  the 
affinity  of  the  ammonia  for  the  nitric  acid,  but  that  of  the 
lime  for  the  carbonic  acid.  Thus,  if  the  affinity  of  lime  for 
nitric  acid  be  represented  by  80,  and  that  of  ammonia  for 
nitric  acid  be  represented  by  70,  the  lime  will  be  the  stronger, 
and  can,  when  by  itself,  expel  ammonia ;  but  if  the  carbonic 
acid  intervene,  and  the  affinity  of  lime  for  carbonic  acid  be  50, 
and  of  ammonia  for  the  same  acid  be  30,  then  decomposition 
must  occur ;  for  the  forces  preventing  decomposition  are  the 
affinities  of  nitric  acid  for  lime,  and  of  carbonic  acid  for  am- 
monia, that  is,  80  +  30  =  110;  whilst  those  tending  to  cause 
decomposition  are  the  affinities  of  nitric  acid  for  ammonia, 
and  of  carbonic  acid  for  lime,  =  70  +  50  s  120;  the  latter 
are  the  more  powerful,  and  the  constituents  of  the  two  salts 
consequently  exchange  places.  The  former  affinities  are 
termed  the  quiescent,  the  latter  the  diveUent  affinities,  and 
whenever  the  sum  of  the  divellent  is  greater  than  that  of  the 
quiescent  affinities,  decomposition  must  occur. 

Thus,  the  simple  affinity  of  hydrogen  for  sulphur  is  much 
greater  than  that  of  mercury  for  sulphur,  and  the  affinity  of 
mercury  for  chlorine  is  much  greater  than  its  affinity  for  sul- 
phur ;  and  yet,  on  bringing  chloride  of  mercury  into  Contact 
with  sulphuret  of  hydrogen,  complete  decomposition  ensues, 
chloride  of  hydrogen  and  sulphuret  of  mercury  being  pro- 
duced. In  this  case  the  affinity  of  mercury  for  chlorine  being 
20,  and  for  sulphur  being  10;  the  affinity  of  hydrogen  bemg 
for  sulphur  15,  and  for  chlorine  30,  the  result  may  be  shown 

as  follows  :— 

30 

rChlorine.  Hydrogen.l 

[Mercury.  Sulphur.    J 
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the  force  producing  decomposition  being,  SO  -f  10  =  40 
and  •greater  than  those,  20  + 15  =  85^  which  tend  to  keep 
the  elements  as  they  were. 

Such  are  the  results  of  chemical  affinity  manifesting  itself 
in  its  simple,  and  in  its  more  complex  form ;  hence  there 
would  appear  to  be  nothing  more  easy  than  to  determine 
the  scale  of  affinities,  and  to  construct  a  series  of  tables  in 
which  all  existing  substances  should  find  their  place,  and 
all  possible  cases  of  chemical  decomposition  might  be  fore- 
told with  the  same  accuracy,  as  the  law  of  gravitation 
aQows  the  disturbing  effects  of  a  new  planet  to  be  calcu% 
lated;  but  unfortunately  for  the  simplicity  of  expression  which 
the  laws  of  chemical  affinity  should  thus  assume,  new  and 
unexpected  complications  arise  and  embarrass  all  our  ex- 
planations ;  thus,  if  we  take  muriatic  acid  and  form  a  table 
of  the  affinities  of  bases  for  it,  we  shall  find  that  it  is  as  given 
in  No.  1,  and  constructing  for  sulphuric  acid  an  independent 
column,  we  shall  find  it  to  be  as  in  No*  2. 

No.  1. — Muriatic  Acid.  No.  2. — Sulphuric  Acid* 

Oxide  of  silver.  Barytes. 

Potash.  Strontia. 

Soda.  Potash. 

Barytes.  Soda. 

Strontia.  Lime. 

Lime.  Magnesia. 

Magnesia.  Oxide  of  silver. 

Here  the  order  is  quite  reversed,  for  oxide  of  silver,  the 
strongest  base  in  one  column,  is  the  weakest  in  the  other ; 
and  barytes  and  strontia,  which  manifest  the  most  intense 
affinity  for  sulphuric  acid,  are  found  but  mid-way  among  the 
bases  arranged  in  order  of  strength  for  muriatic  acid.  Which 
column  must  be  taken  as  representing  the  true  order  of 
aflinities  ?  What  principle  is  there  by  which  these  conflicting 
testimonies  of  experiments  may  be  brought  to  correspond  ? 
The  answer  ib,  that  neither  table  is  exclusively  correct;  that 
these  lists,  although  showing  the  order  of  decomposition,  and 

s2 
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thus  exhibiting  to  the  eye  most  usefully,  the  result  of  a  great 
number  of  experiments,  must  not  be  supposed  as  strictly 
showing  to  us  the  order  of  the  affinities  of  these  bodies,  unless 
we  apply  thereto  a  number  of  correcUons,  arising  from  those 
numerous  and  important  causes  which  influence  and  disturb 
the  simple  action  of  affinity,  and  frequently  invert  altogether 
the  results,  which,  if  unimpeded,  it  would  have  produced. 

For  the  chemical  action  of  two  bodies  does  not  arise 
simply  from  their  chemical  affinities,  but  results  from  the 
combined  influences  of  heat,  electricity,  cohesion^  and  other 
physical  agencies,  which  frequently  modify  the  chemical 
forces  to  a  remarkable  extent*  By  a  change  of  temperature, 
an  affinity  originally  weak  may  be  made  to  preponderate  over 
one,  previously  much  stronger ;  by  electrical  conditions,  the 
strongest  and  most  direct  chemical  affinities  may  be  over- 
come ;  according  as  the  cohesion  of  the  acting  bodies  may 
prevail,  decompositions,  simple  or  compound,  may  be  pro- 
duced in  opposite  ways ;  and  thus  a  chemical  result  is  not 
the  simple  consequence  of  affinity,  directly  acting,  but  is  the 
resultant  of  a  number  of  forces  acting  in  different  direc- 
tions, and  with  variable  intensities,  of  which  affinity  is  but 
one,  although  that  one  which,  for  our  object,  is  the  most 
important. 

It  is  indeed  fortunate  for  the  intellectual  progress  of  man- 
kind that  it  is  so  ;  for,  on  the  variability  of  the  intensity  with 
which  chemical  affinity  may  be  exerted,  depends  the  ex- 
istence of  the  infinite  variety  of  organized  and  inorganic 
beings  which  people  and  beautify  this  earth.  Had  mere 
affinity  been  omnipotent;  had  those  bodies  which  attract  each 
other  most  powerfully,  been  in  all  cases  able  to  combine, 
and  that  there  had  been  no  means  of  dissolving  their  con- 
nexion when  once  formed,  immediately  on  the  origin  of  our 
globe,  those  bodies  which  have  the  most  powerful  affinities 
would  have  satisfied  them  by  entering  into  eternal  union ; 
those  next  in  power  would  subsequently  have  satisfied  their 
tendency  to  combine,  and  long  since  all  nature  should  have 
been  arranged  into  some  few  chemical  combinations,  the 
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breaking  up  of  which  could  not  be  accomplished  by  any 
existing  force.  The  complex  changes  of  animal  and  vegeta- 
ble digestion  and  respiration  could  not  go  on,  the  working  of 
the  metals,  the  chemical  arts  of  civUized  life  could  not  have 
been  invented,  and  the  planet  which  we  inhabit  should  have 
revolved  in  space  a  barren  and  uninhabitable  ball. 

The  action  of  these  modifying  causes  may  be  easily  exhi- 
bited by  one  or  two  examples.  It  has  been  already  described 
how  a  solution  of  muriate  of  lime  is  decomposed  by  carbonate 
of  ammonia ;  carbonate  of  lime  being  precipitated,  and  muriate 
of  ammonia  remaining  in  the  liquor  ;  but  if,  in  place  of  bring- 
ing'these  substances  into  contact  in  solution,  they  be  brought 
to  act  on  each  other  at  a  high  temperature,  the  result  is  ex- 
actly the  reverse.  If  muriate  of  ammonia  and  carbonate  of 
lime  be  heated  together  without  water,  carbonate  of  am- 
monia is  found  to  be  sublimed,  and  muriate  of  lime  remains 
behind.  If  watery  vapour  be  brought  into  contact  with  roe- 
talh'c  iron  heated  to  bright  redness,  it  is  decomposed,  one 
of  its  constituents,  oxygen,  combining  with  the  iron,  the 
other,  hydrogen,  being  set  free ;  here  evidently  the  affi- 
nity of  iron  for  oxygen  is  greater  than  that  of  hydrogen. 
But  if  oxide  of  iron  be  heated  to  redness  also,  and  hydrogen 
gas  be  passed  over  it,  the  oxygen  is  totally  removed  by  the 
hydrogen  in  the  state  of  water,  and  metallic  iron  is  set  free ; 
here  the  order  of  affinity  is  exactly  the  reverse ;  and  we  shall 
soon  discover  the  cause  to  which  it  must  be  attributed. 

The  philosopher  who  first  declared  that  the  order  of  de- 
composition was  not  the  order  of  affinity,  and  pointed  out 
the  importance  of  attending  to  the  other  forces  that  modify 
it,  was  led  by  his  observations  to  assert  that  the  power  to 
which  we  have  attached  so  much  importance,  elective  affinity, 
had  no  real  existence ;  he  said,  that  chemical  union  differed 
from  mechanical  cohesion  only  in  being  exerted  between  the 
particles  of  different  substances,  and  that  in  all  cases  where 
certain  bodies  combined  in  preference  to  others,  the  source 
was  to  be  found  in  the  accidental  and  external  circumstances. 
On  his  ideas,  the  force  by  which  the  particles  of  a  fragment 
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of  sulphate  of  soda  are  united,  differs  from  the  force  by 
which  the  sulphuric  acid  is  united  to  the  soda,  only  in  the 
fact  that  the  cohesion  unites  particles  of  the  same  kind^i 
whilst  affinity  unites  particles  of  different  kinds.  A  salt 
dissolved  in  water  should  thus  be  held  in  solution  by  che- 
mical attraction.  Two  pieces  of  lead  which  adhere  toge- 
ther are  retained  by  mechanical  cohesion,  but  if  a  piece  of 
lead  adhere  to  a  piece  of  tin,  or  a  drop  of  water  to  a  surface 
of  glass  or  metal,  the  union  should  be  attributed  to  chemical 
affinity.  It  will  be  seen  hereafter,  that  a  great  deal  of  this 
peculiarity  of  view  arose  from  the  principle  of  indefinite  che- 
mical combination,  which  although  supported  by  the  amaz- 
ing talents  of  Berthollet,  has  been  finally  and  totally  given 
up.  We  do  not  now  consider  such  phenomena  as  solution 
to  be  produced  by  chemical  affinity,  for  we  require  that  a 
chemical  compound  should  have  parted  with  the  properties 
of  its  constituents,  and  acquired  peculiar  properties  of  its 
own,  in  order  to  prove  its  title  to  the  name. 

But  it  is  still  by  no  means  easy  to  fix  upon  the  limits, 
beyond  which  the  change  of  properties  must  pass.  A  change 
of  state  of  aggregation  is  one  of  the  most  common  evidences 
of  chemical  combination,  as  where  muriatic  acid  and  ammo- 
nia, both  gases,  become  solid;  oxygen  and  hydrogen,  both 
gases  become  liquid ;  water  and  bichloride  of  tin,  both  liquid, 
become  solid,  and  innumerable  other  cases.  The  production 
of  heat,  and  often  light,  is  one  of  the  most  universal  attributes 
of  chemical  action ;  and  hence  for  many  ages  the  explanation 
of  the  phenomena  of  combustion  included  all  that  was  of 
importance  in  the  philosophy  of  chemistry.  A  change  of 
volume  is  also  very  frequent,  though  not  so  universal,  and 
consequent  on  this  change  of  volume  a  change,  generally  an 
increase,  of  the  specific  gravity  of  the  body  from  the  mean 
specific  gravity  of  its  constituents;  thus,  when  oxygen  and 
nitrogen  unite  to  form  nitrous  oxide,  the  volume  of  the  com- 
pound is  but  f  of  that  of  the  mixed  constituents ;  when 
nitrogen  and  hydrogen  unite  to  form  ammonia,  the  resulting 
volume  is  but  ^  of  that  of  the  gases  mixed  before  combining ; 
if  100  volumes  of  alcohol  be  mixed  with  100  volumes  of 
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water y  the  mixture  will  occupy  but  196  volumes,  and  oh  mix- 
ing similar  quantities  of  water  and  oil  of  vitriol,  the  resulting 
volume  is  but  185.  Change  of  colour  also  frequently  occurs, 
but  in  all  these  cases,  although  such  marked  results  indicate 
an  intimacy  of  union  that  can  scarcely  be  explained  by  mere 
cohesion,  yet  other  physical  forces  may  intervene,  and  in 
addition  to  the  evidence  of  chemical  action  already  stated, 
the  most  important  and  necessary  still  remains,  change  of 
chemical  properties. 

I  have,  on  several  occasions,  mentioned  change  of  pro- 
perties as  characteristic  of  chemical  combination,  but  it  may 
be  proper  here  to  enter  into  a  few  detailed  examples  of  its 
nature  and  its  source.  Chemical  affinity  is  not  a  single  force, 
gi^ng  to  all  bodies  within  its  influence  the  same  properties, 
though  it  may  be  in  different  degrees.  On  the  contrary,  the 
power  which  confers  upon  bodies  their  chemical  properties 
18  of  two  kinds,  antagonistic  to  each  other,  and  such  that, 
by  actings  with  equal  energies,  their  effects  are  mutually 
destroyed.  Gravity,  in  acting  upon  bodies,  acts  upon  all 
bodies  in  the  same  manner;  the  molecular  forces,  which 
determine  the  hardness,  the  ductility,  the  solid,  or  liquid 
condition  of  bodies,  may  make  one  body  more  or  less  hard 
or  ductile  than  another,  or  they  may  render  one  body  solid 
and  another  gaseous ;  but  it  is  not  in  the  nature  of  cohesive 
forces  to  render  the  hardness  of  one  body  opposite  to  the 
hardness  of  another,  so  that  together  they  shall  produce  soft. 
Yet  such  is  the  nature  of  the  sources  of  chemical  activity ; 
thus  sulphuric  acid  and  soda  are  actuated  by  affinities  for  each 
other;  the  same  force  which  gives  to  them  their  tendency  to 
combine,  gives  to  one  the  properties  of  an  intense  acid,  and  to 
the  other  the  character  of  a  powerful  alcali;  yet  these  forces 
are  so  peculiarly  related  to  each  other,  that,  when  the  bodies 
have  combined,  the  acid  and  the  alcaline  properties  disap- 
pear, and  there  results  a  substance,  formed  by  their  union, 
(Glauber's  salt,)  innocent,  inactive,  with  little  tendency  to 
combine,  destitute  of  cheiq^al  affinity  for  other  bodies,  yet 
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containiiig  in  itself  constituents  which  may  be  again  set  free, 
and  exhibited  with  all  their  active  properties. 

The  force  of  chemical  affinity  is,  therefore,  exerted  only 
between  bodies  possessing  opposite  qualities,  and,  by  their 
union,  a  substance  is  produced  possessing  qualities  which  are 
not  the  mixed  qualities  of  its  components.  The  forces  which 
produce  cohesion  and  solution  are  found  most  active  where 
the  resemblance  between  the  bodies  is  most  complete.  Thus, 
metals  adhere  most  powerfully  to  other  metals,  and,  for  their 
solution,  mercury,  a  liquid  metal,  can  alone  be  used  ;  salts 
dissolve  in  water  always  most  easily  when  they  show  their 
resemblance  to  it  by  already  containing  water  of  crystalliza- 
tion in  their  mass  ;  inflammable  bodies,  as  sulphur  and  phos- 
phorus, do  not  dissolve  in  water,  nor  in  acids,  but  in  Uquids, 
themselves  inflammable,  as  ether,  sulphuret  of  carbon,  and  the 
oils;  camphor,  the  resins,  the  fatty  matters,  require  also, for 
their  solution,  fluid  menstrua  of  analogous,  oily,  and  spiritu- 
ous natures.     It  is  the  contrary  with  chemical  combination ; 
the  more  complete  the  opposition  of  properties  may  be,  the 
more  intense  is  the  affinity  by  virtue  of  which  combination  is 
effected  :  a  metal  combines  vrith  oxygen  or  chlorine :  ether, 
or  a  metallic  oxide  combines  with  the  acids  to  form  salts.  In 
all  these  cases  the  opposition  of  properties  is  the  cause  of 
the  chemical  affinity,  and  the  neutralization  or  change  of 
properties  is  its  effect.  Thus,  the  gases,  ammonia,  and  muri- 
atic acid,  a  caustic  alcali,  and  an  intense  acid,  form  the  solid 
salammoniac,  a  neutral  salt,  destitute  of  the  active  properties 
of  its  constituents :  thus  carbon,  hydrogen,  and  nitrogen, 
elements  of  our  daily  food,  combine  to  generate  the  most  ac- 
tive poison  that  has  been  found,  the  prussic  acid,  and  this 
prussic  acid  by  further  combination  with  oxide  of  iron,  and 
with  potash,  shall  generate  a  yellow  salt,  which  is  perfectly 
without  action  on  the  living  body,  and  which,  under  the 
name  of  ferro-prussiate  of  potash,  is  of  daily  extensive  em- 
ployment in  the  arts. 

The  elements  which,   mixed  together,  constitute  our 
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atmospheric  air»  combined  in  one  proportion,  form  a  gas, 
which,  \rhen  breathed,  produces  agreeable  intoxication, 
(nitroas  oxide ;)  in  other  proportions,  a  deep  orange-coloured 
gas,  (nitrous  add,)  which,  by  intense  cold,  may  be  obtained 
liquid ;  and  in  an  intermediate  form,  a  gas  colourless  and 
transparent,  (lutric  oxide),  which  when  mixed  with  air,  pro- 
duces, by  combining  with  its  oxygen,  the  nitrous  acid.  In  all 
these  cases  new  properties  are  assumed,  the  characters  of 
the  constituent  elements  furnishing  no  means  of  predicting 
the  properties  of  the  compound- 

This  clear  distinction  between  chemical  affinity  and  co- 
hesion was  not  perceived  by  Berthollet ;  and  hence,  misled  by 
the  supposed  existence  of  compounds,  which  connected  to- 
gether the  extremes  of  chemical  and  mechanical  force,  he 
advanced  the  principle,  that  the  differences  observed  between 
them  arose  solely  from  external  circumstances.  This  prin- 
ciple has  been  rejected  ;  but  the  discussion  to  which  it  was 
subjected  showed  the  importance  of  attending  to  the  influ- 
ence which  external  circumstances  really  do  exercise,  and 
which  is  frequently  in  practice  more  powerful  than  the 
force  of  affinity  itself.  It  is,  therefore,  necessary  to  study 
in  detail  the  influence  of  the  external  physical  agents  upon 
chemical  affinity. 

1st.  Influence  of  Cohesion.— A  diminution  of  cohesive 
power  among  the  particles  of  one  body,  allows  those  of 
another  to  come  mto  closer  approximation  to  them,  and 
favours  the  chemical  action  of  the  two  bodies.  Thus,  the 
ancient  chemists  expressed  the  influence  of  cohesion  by  the 
Latm  proverb:  Corp<n^a  mm  agunt  nisi  sini  soluta;  bodies 
do  not  act  unless  they  be  dissolved.  And  of  all  forms  of 
matter,  liquidity  is  that  in  which  chemical  action  is  most 
rapid  and  most  energetic. 

There  are  many  instances  of  bodies  acting  on  each  other, 
although  in  the  solid  form.  Thus,  when  chlorate  of  potash 
and  sulphur,  or  chlorate  of  potash  and  sulphuret  of  antimony, 
are  rubbed  together,  the  mixture  explodes  from  the  rapid 
decomposition  which  ensues.    When  fulminate  of  silver,  or 
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iodide  of  amidogen,  are  even  slightly  touched,  detonation  fol- 
lows. In  these  CRseSj  theoriginal  arrangement  of  particles  must 
have  been  so  instablei  that  the  imperfect  approach  produced 
by  mechanical  mixture,  or  the  slight  change  of  position 
arising  from  a  sudden  shock,  was  sufficient  to  cause  a  new 
mode  of  combination.  But,  if  such  cases  as  these  be  consi- 
dered as  exceptions,  we  may  look  upon  solid  bodies  in  general 
as  being  without  chemical  action  on  one  another. 

In  the  gaseous  form  of  matter,  chemical  affinity  appears 
to  be  controlled  and  weakened  by  the  mutual  mechanical 
repulsion  of  the  gaseous  particles.  Thus,  oxygen  and  hy- 
drogen,* bodies  whose  affinities  are  so  strong,  may  remain 
in  contact  as  gases  for  an  indefinite  period.  Nitrogen  and 
hydrogen  have  no  apparent  tendency  to  unite'  when  mixed. 
Hydrogen,  in  the  form  of  gas,  is  without  action  on  carbon, 
or  arsenic  or  phosphorus;  although  under  other  circum- 
stances it  unites  with  them,  forming  characteristic  bodies. 
In  order  to  obtain  the  full  chemical  action  of  gaseous  bodies, 
they  must  be  brought  into  play  at  the  moment  of  their  being 
set  free,  or  formed ;  in  their  ncuceni  state,  as  it  is  termed.  It 
may  well  be,  that,  when  water  is  decomposed,  and  that 
hydrogen  is  liberated,  there  is  a  moment  before  the  hydrogen 
actually  assumes  the  permanently  elastic  form,  and  being 
then  perhaps  liquid,  and  in  a  highly  concentrated  condition, 
its  affinities  are  manifested  with  extraordinary  force.  It  is 
the  same  with  other  gases ;  they  act  always  with  their  full 
power  only  in  their  nascent  state. 

The  influence  of  cohesion,  in  determining  chemical  action, 
is,  however,  of  much  greater  importance  in  another  way,  as 
serving,  upon  the  principles  of  BerthoUet,  to  explain  the 
anomalous  discordance  between  those  experiments,  upon 
which  the  tables  of  the  affinities  of  bodies  for  each  other  had 
been  constructed.  Thus,  it  has  been  shown,  that  in  a  table 
of  affinities  of  the  bases,  oxide  of  silver  would  appear  to  be 
the  strongest  base,  if  we  used  muriatic  acid :  bary  tes  should 
be  looked  upon  as  the  most  powerful,  if  sulphuric  acid  had 
been  employed ;  whilst,  if  the  relation  of  the  bases  to  nitric 
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acid  were  taken  as  the  standard »  potash  would  he  found  to 
excel  the  others.  In  such  cases,  the  diversity  is  to  be  ascribed 
to  the  influence  of  cohesion ;  and  in  all  cases  of  the  mutual 
action  of  various  bodies  in  solution,  the  result  is  found  to  be, 
the  formation  of  such  compounds  as  are  least  soluble. 

Let  us  imagine  a  quantity  of  sulphate  of  soda  and  nitrate 
of  potash  to  be  dissolved  in  water.  .  Each  acid  is  attracted 
at  the  same  moment  by  both  bases,  and  each  base  by  both 
acids,  so  that  there  occurs  a  division  of  each  acid  between 
the  two  bases,  and  of  each  base  between  the  two  acids. 
There  are  thus  in  solution  sulphate  of  soda  and  sulphate  of 
potash,  nitrate  of  soda  and  nitrate  of  potash ;  and  whilst  the 
solution  is  dilute  all  remains  so,  but  if  the  liquor  be  very 
much  concentrated,  the  sulphate  of  potash,  being  a  sparingly 
soluble  salt,  is  deposited  in  crystals,  and  a  new  distribution 
takes  place  in  the  mother  liquor.  Supposing  all  sulphate  of 
potash  removed,  and  that  there  remain  sulphate  of  soda, 
nitrate  of  soda,  and  nitrate  of  potash,  the  remaining  potash 
divides  itself  again  between  the  acids,  and  a  new  portion  of 
sulphate  of  potash  is  formed,  which,  by  a  new  crystallization, 
may  be  separated.  In  this  way,  according  as  the  evapora- 
tion is  continued,  new  quantities  of  sulphate  of  potash  are 
consecutively  formed,  until  there  remains  in  solution  neither 
potash  nor  sulphuric  acid,  but  only  soda  in  combination  with 
nitric  acid.  Here,  then,  supposing  the  chemical  affinities  of 
potash  and  soda,  of  sulphuric  and  of  nitric  acids,  to  be  exactly 
equal,  the  decomposition  which  actually  occurs,  and  the 
manner  in  which  it  really  takes  place,  are  explained  per- 
fectly by  the  greater  cohesion  of  the  sulphate  of  potash  and 
its  consequent  sparing  solubility. 

In  like  manner,  ordinary  hard  water  contains  soda,  mu- 
riatic acid,  Hme,  and  sulphuric  acid.  The  soda  is  certainly 
the  stronger  base,  and  the  sulphuric  the  stronger  acid ;  and 
yet,  on  evaporating  such  water,  the  sak  which  first  crystal- 
lizes is  sulphate  of  lime,  and  on  continuing  the  evaporation 
all  sulphuric  acid  maybe  removed  in  combination  with  the 
lime.     But  the  acids  and  bases  being  divided  among  one 
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another  in  solution^  there  coexist  sulphate  of  lime,  sulphate  of 
soda,  muriate  of  lime,  and  muriate  of  soda.  But  when  the 
liquor  is  concentrated,  the  sulphate  of  lime  is  first  deposited, 
and  a  new  quantity  being  formed,  all  its  constituents  are  eli- 
minated in  combination,  precisely  as  the  sulphate  of  potash 
was  separated  in  the  former  case* 

In  these  instances  the  separation  of  the  least  soluble 
ingredients  took  place  by  degrees,  and,  as  it  were,  artifi- 
cially ;  but  if  any  one  of  the  substances  produced  be  per- 
fectly insoluble,  it  is  at  once  and  in  full  quantity  expelled. 
Thus,  when  we  mix  together  solutions  of  nitrate  of  barytes 
and  sulphate  of  soda,  there  is  instant  formation  of  sulphate 
of  barytes,  and  the  solution  contains  only  nitrate  of  soda. 
But  even  here,  although  the  formation  of  the  sulphate  of 
barytes  appears  instantaneous  to  the  senses,  it  yet  may,  in 
point  of  fact,  be  just  as  gradual  as  in  other  cases.  Thus, 
there  may  have  been  a  moment  after  mixing  the  solutions, 
when  there  were  present  dissolved  together,  nitrate  of  ba- 
rytes, nitrate  of  soda,  sulphate  of  soda,  and  sulphate  of 
barytes ;  in  the  next  moment  the  latter  precipitates,  and 
the  barytes  in  solution,  still  dividing  itself  between  the  two 
acids,  another  quantity  is  formed.  This  then  precipitates, 
and  thus,  in  a  space  of  time  that  is  too  small  to  be  detected, 
the  quantity  of  barytes  in  the  solution  is  reduced  to  the  mere 
trace  of  sulphate  which  the  quantity  of  water  can  dissolve, 
and  which  is  too  small  to  be  detected  by  our  ordinary  tests. 

The  nature  of  double  decomposition  depends  thus  on  the 
relative  solubility  of  the  compounds  formed.  In  whatever 
way  the  most  insoluble  bodies  may  be  generated,  the  decom- 
position occurs.  It  is  thus  that,  on  mixing  solutions  of  car- 
bonate of  ammonia  and  of  nitrate  of  lime,  there  are  formed 
carbonate  of  lime  and  nitrate  of  ammonia;  not  merely  that 
the  divellent  affinities  were  more  powerful  than  the  quiescent 
forces,  but  that  the  insolubility  of  the  carbonate  of  lime  pro- 
duced its  separation  from  the  liquid,  and  hence  the  union  of 
the  substances  which  compose  it. 

The  inversion  of  affinity,  which  is  produced  by  the  influ- 
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ence  of  cohesion,  is  not  limited  to  cases  of  double  decompo* 
rition.  TheTe  is  no  doubt  but  that  acetic  acid  is  a  stronger 
acid  than  carbonic  acid,  and  on  adding  acetic  acid  to  a  solu- 
tion of  carbonate  of  potash  in  water,  the  carbonic  acid  is 
expelled,  and  acetate  of  potash  formed.  Yet,  if  a  stream  of 
carbonic  acid  gas  be  passed  into  a  solution  of  acetate  of 
potash  in  alcohol,  the  salt  is  decomposed,  acetic  acid  being 
set  free,  and  carbonate  of  potash  formed.  The  cause  of  this 
is  the  insolubility  of  the  carbonate  of  potash  in  alcohol;  for> 
on  the  first  action  of  the  carbonic  acid,  the  potash  divides 
itself  between  the  two  acids,  and  there  is  formed  some  car- 
bonate, which  is  thrown  down;  then  another  quantity,  which 
also  separates,  until  ultimately  all  is  precipitated,  and  thus 
one  of  the  feeblest  acids  may  overcome  the  affinities  of  ano- 
ther which  is  much  stronger. 

By  this  principle  of  distribution  of  acids  and  bases,  we 
are  thus  enabled  to  account  for  a  variety  of  facts,  which 
appear  totally  opposed  to  affinity,  if  it  were  not  subject  to 
such  modifications  ;  but,  although  it  is  so  convenient  for 
explanation,  it  should  not  be  admitted  as  a  principle  in 
science,  if  there  could  not  be  adduced  evidence  of  its  actual 
and  independent  truth.  That  it  does  occur  in  many  cases, 
cannot  well  be  doubted ;  thus,  the  solution  of  sulphate  of 
copper  in  water  is  of  a  rich  blue  colour,  and  that  of  muriate 
(chloride)  of  copper,  of  an  emerald  green*  Now,  on  mixing 
muriatic  add  .with  a  solution  of  sulphate  of  copper,  the  blue 
solution  is  immediately  changed  to  green,  showing  that  the 
weaker  acid  has  divided  the  oxide  of  copper  with  the 
stronger,  although,  so  far  from  precipitation  occurring,  the 
new  compound  is  the  more  soluble  of  the  two.  Also  on 
mixing  a  solution  of  sulphate  of  iron  with  sulphocyanic  acid, 
the  liquor  becomes  intensely  blood-red  coloured,  showing 
that  a  quantity  of  sulpho-cyanide  of  iron  has  been  formed, 
although  the  sulpho-cyanic  acid  is  much  weaker  than  the 
sulphuric,  and  no  precipitation  occurs  to  favour  its  produc- 
tion. 

These,  and  many  other  such  examples  which  might  be 
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brought  forward,  show  that  the  opinion  of  BerthoUet,  that 
the  acids  and  bases,  when  mixed  together  in  solution,  ar- 
range themselves  so  as  that  each  base  shall  be  divided 
among  all  the  acids,  and  each  add  among  all  the  bases,  is  in 
a  great  many  cases  true,  and  that  it  is  one  of  the  most  fruit- 
ful sources  of  the  decompositions  which  occur  in  our  experi- 
ments ;  but  it  remains  to  be  decided  whether  it  is  universally 
true,  and  whether  if  all  acids  and  bases  act  thus  equally  on 
one  another,  we  should  abandon  the  idea  of  chemical  affinity 
being  elective. 

The  answer  to  thb  question  has  been  long  since  received 
in  science.  The  principle  of  BerthoUet  does  not  hold  always, 
for  numerous  instances  may  be  produced  where  this  parti* 
tion  of  acids  or  of  bases  does  not  take  place.  Thus,  boracie 
acid  and  sulphuric  acid  both  redden  litmus,  but  the  former 
colours  it  of  a  port  wine  colour,  whilst  the  latter  tinges  it  of 
the  red  of  an  onion  skin.  If  a  quantity  of  borax  (borate  of 
soda)  be  dissolved  in  water,  coloured  blue  by  litmus,  and 
some  sulphuric  acid  added  thereto,  the  Uquor  becomes  co- 
loured wine  red  from  free  boracie  acid ;  but,  although  the 
slightest  trace  of  sulphuric  acid  in  excess  would  show  itself 
by  changing  the  red  to  that  of  the  onion  skin,  no  sign  of  it 
is  found  until  all  the  boracie  acid  has  been  expelled*  Here, 
therefore,  there  is  no  partition  of  the  base  between  two  acids ; 
all  the  sulphuric  acid  which  is  added  unites  with  the  soda, 
and  all  the  boracie  acid  is  expelled.  If  a  solution  of  carbo- 
nate of  soda  be  coloured  blue  by  litmus,  and  sulphuric  add 
added,  it  may  also  be  shown  by  the  absence  of  the  peculiar 
red  which  free  sulphuric  acid  gives,  that  there  is  no  division 
of  base  between  the  two.  The  carbonic  acid  is  totally  ex* 
pelled,  and  the  sulphuric  add  combines  exdujiively  with  the 
soda.  If  the  solution  be  dilute,  the  carbonic  acid  remains 
dissolved  in  the  liquor;  if  it  be  concentrated,  it  is  evolved  in 
the  gaseous  form ;  that  makes  no  difference. 

Affinities  are  not,  therefore,  as  BerthoUet  considered,  all 
the  same  in  power.  The  framers  of  the  tables  of  affinity 
were  right  as  to  the  general  principle,  that  different  bodies 
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ha^e  diflferent  degrees  of  affinity  for  each  others  but  they 
erred  in  supposing  that  they  could  construct  a  table  of  the 
absolute  order  of  affinities. 

To  sum  up  the  details  that  have  been  given  of  the  influ- 
ence of  cohesion  on  the  affinities  of  bodies  acting  on  each 
other  in  solution,  it  may  be  said,  that,  Ist,  In  almost  all  cases 
of  precipitation,  the  nature  of  the  double  decomposition  is 
determined  much  more  by  the  fact  of  one  of  the  bodies 
formed  being  insoluble,  than  by  the  resultant  of  the  united 
affinities  of  the  bodies  which  are  engaged.  2nd,  That  where 
there  is  no  separation  of  an  insoluble  or  of  a  sparingly  soluble 
compound^  the  acids  and  bases,  if  they  differ  very  much  in 
energy,  are  esclusively  united,  the  strongest  add  with  the 
strongest  base,  and  the  weakest  acid  with  the  weakest  base, 
and  if  there  be  not  base  sufficient  to  neutralize  all  of  the 
acids,  a  corresponding  quantity  of  the  weakest  acid  being 
left  out  of  combination  altogether;  but,  3rd,  That  if  the 
adds  and  bases  be  not  very  different  in  energy  of  affinity, 
they  arrange  themselves  in  such  a  manner  that  each  base 
shall  be  divided  between  all  the  acids,  and  each  acid  divided 
between  all  the  bases,  in  proportions  which  depend  upon  the 
quantities  of  each  acid  and  of  each  base  that  may  be  present, 
and  on  its  affinitary  force.  Thus,  if  there  be  two  acids  and 
two  bases  present,  there  will  be  four  salts;  if  three  acids  and 
three  bases,  nine  different  salts ;  and  generally,  that  the 
number  of  compounds  in  solution  will  be  equal  to  the  whole 
number  of  acids  multiplied  by  the  whole  number  of  bases 
present. 

2nd.  The  If^uence  of  Elasticity. — ^The  absence  of  cohe- 
sion, or  still  more,  the  substitution  for  cohesion  of  its  antago. 
Dist  power  repulsion,  as  shown  by  the  property  of  elasticity 
in  the  form  of  gas  or  vapour,  modifies  chemical  affinity  in  a 
perfectly  analogous  manner  to  that  which  has  been  already 
described;  for,  precisely  as  the  formation  of  an  insoluble 
subBtance  in  a  liquid  will  enable  lower  degrees  of  affinity  to 
preponderate  by  removing  the  body  which  is  formed  by  its 
insolability,  so  will  repulsion  or  elasticity  determine  the  pro- 
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duction  of  such  substances  as,  by  tbeir  volatility,  may  be 
driven  off,-  even  though  the  affinities  of  their  elements  may 
be  much  feebler  than  those  of  other  bodies.    In  all  such 
cases  the  same  principle  of  distribution,  so  fully  described 
already,  may  be  supposed  to  hold :  thus,  a  solution  of  sul- 
phate of  magnesia  is  perfectly  decomposed  by  ammonia,  the 
magnesia  being  precipitated;  but  on  mixing  sulphate  of  am- 
monia with  dry  magnesia,  and  applying  heat,  the  ammonia  is 
expelled,  and  the  sulphuric  acid  remains,  united  exclusively 
with  the  magnesia.     Supposing  that  there  is  Uttle  difference 
between  the  affinities  of  these  two  bases  for  sulphuric  acid, 
the  acid  in  the  mixture  may  be  divided  between  the  two ;  in 
each  case  there  is  free  magnesia  and  free  ammonia,  for  the 
acid  is  only  able  to  saturate  a  part  of  each.    In  the  solution 
the  excess  of  magnesia  is  insoluble,  and  it  is  expelled;  in  the 
dry  way  the  escess  of  ammonia  is  gaseous,  and  it  is  driven 
off,  and  thus,  with  the  same  substances  and  the  same  affini- 
ties, precisely  opposite  decompositions  are  produced  by  the 
influence  of  cohesion  and  elasticity.    The  decomposition  of 
muriate  of  lime  by  carbonate  of  ammonia  in  solution  has 
been  already  noticed,  where  carbonate  of  lime  is  formed  in 
consequence  of  its  insolubility.    If  the  carbonate  of  lime  and 
the  muriate  of  ammonia  so  produced  be  dried  and  heated, 
the  precisely  reversed  decomposition  will  take  place  ;  there 
are  at  first  produced  muriate  and  carbonate  of  lime,  muriate 
and  carbonate  of  ammonia,  and  this  latter  being  volatile  at 
the  high  temperature  which  is  used,  is  driven  off,  and  new 
portions  formed  until  the  interchange  of  elements  is  complete 
The  boracic  acid  has  been  already  noticed,  as  being  one 
so  feeble  in  its  affinities,  that  the  law  of  the  division  of  acids 
and  bases  does  not  hold  with  it,  but  that  sulphuric  acid  can 
deprive  it  of  every  particle  of  base.     This  is  quite  true,  as 
long  as  these  acids  are  in  the  liquid  form ;  but,  at  a  high  tem- 
perature, the  reaction  is  reversed*     If  a  mixture  of  sulphate 
of  soda  and  boracic  acid  be  heated  to  redness  in  a  crucible, 
the  sulphuric  acid  will  be  driven  off  in  consequence  of  its 
volatility,  whilst  the  fixed  boracic  acid  will  remain  combined 
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with  the  whole  quantity  of  base.  The  white,  inert,  earthy 
substance,  silica,  (powdered  flints,)  the  acid  properties  of 
which  are  so  feeble,  that  it  is  only  from  analogy  that  it  is 
recognized  by  chemists  to  be  an  acid,  may,  at  a  high  tempe- 
rature, expel  the  most  powerful  acids  from  their  combina- 
tions ;  thus,  the  commonest  sort  of  pottery  is  glazed  by 
throwing  over  it,  when  at  a  bright  red  heat,  handfuls  of 
common  salt ;  this  is  instantly  decomposed ;  the  silica  of 
the  earthy  material  of  the  vessels  combines  with  the  soda  of 
the  common  salt,  and  the  muriatic  acid  is  driven  off  in  white 
clouds  of  elastic  vapour.  Here  the  adid,  which  is  the 
feehlest  when  dissolved  in  water,  may  expel  the  strongest 
when  the  temperature  is  raised ;  and  admitting  that  in  the 
commencement  a  partition  of  the  base  between  the  two  took 
place,  even  to  a  very  small  extent,  the  final  and  complete 
expulsion  of  the  more  volatile  must  result. 

From  the  great  variety  of  compounds  into  which  water 
enters,  it  is  easily  expelled,  not  that  it  is  inferior  in  affinity 
to  most  other  bodies,  but  from  its  greater  volatility.  We 
shall  hereafter  see  reason  for  looking  upon  water  as  being 
a  base  of  considerable^force,  and  entering  into  combination 
in  forms  which  should  possess  considerable  stability ;  but 
when  a  compound  of  water  is  subjected  to  heat,  the  elasticity 
of  the  water  diminishes  its  affinity  so  far  that  it  may  easily  be 
ex]>elled. 

The  elasticity  which  certain  elements  possess,  when  free^ 
may  be  a  cause  why  the  compounds  which  they  form  are 
easily  decomposed  by  heat,  if  their  actual  affinity  to  one 
another  be  not  considerable.  Thus,  the  nitrate  of  barytes, 
which  contains  nitrogen  and  oxygen  in  combination  with 
barytes,  gives,  when  heated,  a  mixture  of  nitrogen  and  oxygen 
gases :  nitrate  of  lead  gives,  when  heated,  pure  oxygen  and 
nitrous  acid  fumes.  Chlorate  of  potash,  by  a  high  temper- 
ature^ abandons  all  its  oxygen  gas,  and  the  remaining  ele- 
ments^ having  a  powerful  affinity  for  each  other,  resist  the 
increase  of  heat,  and  remain  as  chloride  of  potassium. 

When  the  decomposition  of  a  body,  by  heat,  is  thus  de- 
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t^rmined  by  the  elasticity  of  one  of  its  constituents,  it  is 
necessary,  for  the  suecesi  of  the  process,  that  this  constituent 
should  be  allowed  freely  to  escape*  If  it  be  forced  to  re- 
main enyeloping  the  residual  substance,  the  decompositioD 
ceases*  Thus,  by  heating  carbonate  of  lime  to  redness,  it  is 
resolved  into  lime  and  carbonic  acid ;  but,  if  the  carbonic 
acid  be  not  removed,  the  decomposition  would  immediately 
cease,  and  the  carbonate  of  lime  might  be  melted  without 
being  decomposed.  The  removal  of  the  carbonic  acid  is 
accomplished,  in  burning  lime  on  the  large  scale,  by  the  lime- 
stone being  heated  in  a  kiln,  through  which  there  is  a  conti- 
nuous draught,  by  which  the  carbonic  acid  is  carried  off 
according  as  it  is  formed.  The  necessity  for  the  removal  of 
the  carbonic  acid  may  be  shown  by  placing  bits  of  white 
marble  in  a  porcelain  tube,  heated  to  redness  in  a  furnace, 
connected  with  a  pneumatic  trough,  and  6tted  to  a  retort  at 
the  other  end,  by  which  steam  may  be  passed  into  the  tube; 
'  at  first,  scarcely  any  carbonic,  acid  is  set  free,  but,  by  keep* 
ing  up  a  supply  of  steam,  the  gas  is  rapidly  produced,  and 
the  lime  becomes  very  soon  completely  caustic. 

It  is  in  this  way,  also,  that  we  may  explain  the  contrary 
order  of  decomposition  that  may  be  produced  by  oxygen, 
hydrogen,  and  iron.  If  metallic  iron  be  in  the  tube,  and  the 
latter  be  kept  full  of  steam,  every  particle  of  hydrogen  which 
is  formed  is  carried  off:  and  there  being  then  a  space  pro* 
vided,  into  which  the  hydrogen  can  easily  spread  itself,  the 
steam  will  be  decomposed,  and  the  iron  converted  into  oxidci 
If,  on  the  contrary,  the  tube  contain  oxide  of  iron,  and  be 
kept  full  by  a  current  of  hydrogen  gas,  there  is  presented  to 
every  molecule  of  steam  produced,  room  for  its  escape,  and 
the  formation  of  steam  being  thus  favoured  by  its  elastidiy 
being  allowed  full  play,  the  reduction  of  the  metal  is  covh 
pleted. 

Independent  of  its  influence  on  cohesion,  a  change  of 
temperature  is  capable  of  modifying  the  affinities  of  bodies 
in  a  remarkable  degree.  Thus,  charcoal  is  not  capable  of 
being  melted  or  vaporized,  and  yet,  although  at  ordinary 
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temperatures  quite  inert,  few  bodies  can  resist  its  deoxidising 
action  at  a  red  heat.  Bodies  which  take  fire  when  heated, 
do  so  in  consequence  of  their  affinity  for  oxygen  being  aug- 
mented by  the  increase  of  temperature.  The  action  of  the 
electric  spark,  in  producing  the  explosion  of  gaseous  mix- 
tures, depends  on  its  heating  very  much  the  few  partides  of 
gas  which  lie  immediately  in  its  path,  and  the  combustion 
.  being  communicated  by  them  to  the  general  mass.  The 
affinities  of  bodies  for  each  other  appear  to  be  thua  exalted 
by  the  agency  of  heat  in  many  cases,  but  the  exaltation  does 
not  appear  to  be  the  same  for  alL  Heat  appears  often  to 
dnninish  the  affinity  of  bodies ;  thus  the  explosion  of  deto* 
nating  compounds  was  so  explained ;  but  this  appears  to 
arise  from  the  heat  really  exalting  the  affinity  of  the  more 
pofwerful  constitoaats,  so  that  new  and  more  permanent  bo*, 
dies  may  be  formed :  thus  fuhninating  silver  explodes,  not 
that  its  elements  may  separate,  but  that  bodies  of  a  more 
permanent  constitution  may  be  formed.  The  iodide  and  ohlo- 
ride  of  asote  were  looked  upon  as  being  examples  of  mere 
separation  of  elements  on  the  application  of  heat,  but  Mar* 
chand  and  I  have  found  that  these  bodies  contain  hydrogen,^ 
and  that  they  are  decomposed  in  consequence  of  the  forma- 
ti<m  of  hydrochloric  or  hydriodic  acid.  To  produce  many 
bodies  of  instable  nature  it  is  necessary  to  avoid  the  use  of 
heat,  not  that  heat  diminishes  the  affinities  of  their  elements 
in  general,  but  that  the  heat  enables  those  elements  to  satisfy 
their  affinities  better,  by  combining  in  a  more  stable  form. 

It  has  been  mentioned  that  BerthoUet  considered  affi- 
nity as  being  not  elective,  but  that  the  combination  of  one 
body  to  another  was  determined  by  the  circumstances  under 
which  they  were  placed;  and  that  in  cases  where  many 
bodies  of  equal  solubilities  existed  together,  they  were  divided 
among  one  another  in  proportion  to  their  masses ;  but  he, 
in  this  case,  introduces  a  term  which  has  caused  great  diffi- 
culty in  the  discussion  of  the  doctrines  which  he  advanced. 
He  says,  that  the  bodies  mixed  together  combine,  not  only 
in  proportion  to  their  masses,  but  of  their  affinities,  and 

t2 
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hence  might  appear  to  admit  that  bodies  had  different  degrees 
of  affinity,  and  that  this  might,  therefore,  be  elective ;  but, 
if  I  conceive  his  opinions  rightly,  the  affinity  of  which  he 
spoke  was  not  the  force  to  which  we  assign  the  power  of 
choice  of  one  body  over  another,  but  that  he  carried  on 
the  analogy  to  cohesion,  and  considered,  that  the  affinity  of 
one  body,  a,  to  another,  b,  might  be  greater  than  to  a  thirds 
c,  not  so  as  to  make  a  unite  with  b,  in  preference  to  c,  but  . 
that  when  it  had  been  united  with  b  it  would  hold  it  more 
firmly  than  it  could  retain  c.  This  is  like  what  is  found  with 
cohesion  ;  if  several  bodies  be  placed  beside  each  other  they 
show  no  power  of  elective  cohesion,  but  if  they  be  brought 
into  actual  close  contact,  the  degree  of  cohesion  may  be  dif- 
ferent for  each.  It  is  in  this  way  that  BerthoUet  recognizes 
a  difference  of  affinity,  and  hence  the  obscurity  that  is  often 
ascribed  to  his  statement  of  his  views,  from  the  sense  which 
he  attached  to  the  word  affinity  being  mistaken. 

We  owe  to  this  philosopher  an  attempt  at  measuring 
this  power  of  affinity,  which,  though  incorrect,  yet,  as  being 
one  of  the  first  steps  made  towards  numerical  laws  in  che- 
mistry, deserves  notice.  He  looked  upon  the  neutralizing 
power  of  a  body  as  being  the  measure  of  its  affinity  for  ano- 
ther, and  considered  that  the  deviations  from  this  rule  arose 
from  the  influence  of  cohesion  or  of  elasticity :  thus,  the  same 
quantity  of  potash  is  saturated  by 

Sulphuric  acid,  40  parts.        Muriatic  acid,  36*5  parts. 
Nitric  acid,     •    54    „  Acetic  acid,      51        „ 

Carbonic  acid,     22    „  Oxalic  acid,     S6        „ 

Hence,  if  mere  affinity  was  allowed  to  act,  carbonic  acid 
should  be  the  strongest,  and  nitric  acid  the  weakest  in  the 
list;  in  like  maimer,  the  same  quantity  of  sulphuric  acid 
neutralizes 

Potash,      .    .    48  parts.        Lime,  •    •    •    S8  parts^ 
Soda,     •     •    •    32     „  Barytes,    .     •    76     „ 

Ammonia,  •    .     17     „  Magnesia,      .18     „ 

and  ammonia  and  magnesia  should  be  the  strongest  of  all 
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bases,  were  it  not  for  the  insolubility  of  the  one  and  the 
volatility  of  the  other  body. 

These  numbers  which  are  now  known  as  expressing  the 
quantities  of  substances  that  are  equivalent  to  each  other 
in  combination,  are  fully  recognized  as  totally  independent 
of  the  force  of  affinity  exercised  by  each  body.  As  yet  we 
have  no  other  measure  of  affinity  than  the  order  of  decom- 
positioDy  controlled  by  the  estimate  of  the  influence  which 
cohesion  and  elasticity  may  exercbe.  From  the  electrical 
relations  of  bodies,  attempts  have  been  made  to  estimate 
the  relative  affinities  of  chemical  substances,  the  results  of 
which  win  be  described  in  their  proper  place. 

Of  the  Influence  of  Light  an  Chemical  Affinity.— Mihough 
attention  has  latterly  been  very  much  directed  to  the  influence 
of  light  on  chemical  affinity,  from  the  accidental  discovery  of 
some  very  remarkable  circumstances  connected  with  it,  yet 
there  have  not  been  discovered  as  yet  any  general  principles 
to  which  those  results  can  be  reduced;  and  the  greater 
number  of  the  investigations  that  have  been  made  are  occu- 
pied by  experiments  of  detail,  which  from  their  want  of 
connexion  and  their  multiplicity,  cannot  be  successfully 
contemplated  from  any  general  point  of  view  at  the  present 
moment.  So  far,  however,  as  positive  facts  have  been  dis- 
covered, and  as  even  plausible  explanations  of  those  facts 
have  been  suggested,  I  shall  endeavour  to  represent  briefly, 
the  actual  condition  of  our  knowledge  of  this  department. 

In  many  cases,  bodies  which  in  obscurity  remain  totally 
without  action  on  one  another,  are  brought  into  combination 
by  exposure  to  light,  and  the  rapidity  of  their  reaction  is  pro- 
portional to  the  brilliancy  of  the  light.  Thus,  chlorine  and 
hydrogen  mixed,  remain  unaltered  for  any  period  in  the 
dark ;  if  exposed  to  the  diffuse  day  light,  they  silently  com- 
bine^  but  explode  suddenly  if  a  direct  ray  of  sunshine  fall 
upon  the  mixture.  Chlorine  dissolved  in  water,  if  kept  in 
the  dark,  remuns  a  long  time  unaltered,  but  if  exposed  to 
sunshine,  is  rapidly  converted  into  chloride  of  hydrogen, 
water  being  decomposed,  and  oxygen  eliminated  in  a  gaseous 
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form.  Chlorine  unites  with  carbonic  oxide  only  under  the 
influence  of  light,  whence  the  name  Phosgene,  a  light  formed 
gas,  was  given  to  the  compound  by  its  discoverer,  Dr.  Davy. 
Chlorine  and  sulphurous  add  unite  also,  only  when  exposed 
to  brilliant  stmshine  ;  so  much  so,  that  in  Dublin  but  few 
days  in  summer  are  found  bright  enough  to  form  it.  The 
decomposing  action  of  chlorine,  iodine,  and  bromine  upon 
organic  bodies,  which  consists  in  the  separation  of  hydrogen, 
and  the  assumption  generally  of  a  corresponding  quantity  of 
chlorine,  &c.,  in  its  place,  is  regulated  also  in  a  remarkable 
degree,  by  the  brilliancy  of  the  light  under  which  this  opera- 
tion is  carried  on.  Thus,  even  in  summer,  in  Dublin,  I  never 
could  deprive  acetone  of  more  than  one-third  of  its  hydrogen 
forming  from  Ca  H3  O,  the  body  C3  Hs  CI  O ;  but  in  Paris, 
in  summer,  the  chlorine  removes  another  equivalent  of  hydro* 
gen,  and  Dumas  and  I  succeeded  in  obtaining  the  body 
C3  H  CI9  O.  In  like  manner,  in  bright  sunshine,  the  action 
of  chlorine  on  pyroxylic  spirit  is  so  violent,  that  unless  the 
vessel  be  carefully  shaded,  the  decomposition  proceeds  by  a 
series  of  explosions,  whilst  I  have  found  it  exceedingly  diffi- 
cult in  gloomy  weather  to  produce  any  action  whatsoever. 
Instances  of  this  kind  might  be  very  much  multiplied,  but 
those  described  are  sufficient  to  point  out  the  general  manner 
in  which  light  is  found  to  act. 

The  action  of  light  appears  occasionally  limited  to  the  sim- 
ple separation  of  bodies  previously  combined.  Thus,  colour- 
less nitric  acid,  when  exposed  to  sunshine,  evolves  oxygen 
gas,  and  becomes  coloured  yellow  from  nitrous  acid  which 
remains.  The  fading  ofprussian  blue  patterns  on  cotton, 
which  Chevreul  found  to  depend  on  the  escape  of  cyanogen, 
and  the  conversion  of  the  blue  into  a  white  compound,  con- 
taining less  cyanogen,  is  also  an  example  of  this  principle. 

Setting  aside,  for  the  present,  the  influence  of  light  on  the 
production  of  colouring  matters  in  organic  bodies,  which 
shall  be  described  as  a  portion  of  the  chemical  history  of 
the  individual  substances,  I  shall  now  only  advert  to  the 
action  of  light  upon  the  compounds  of  the  easily  reducible 
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metaky  patUcularly  8il?er,  by  the  study  of  which  such  re- 
markable results  have  latterly  been  obtained. 

Scanlan  first  showed  that  when  nitrate  of  silver  blackens 
under  the  influence  of  light,  its  decomposition  is  produced 
by  organic  matter,  as  by  contact  with  paper,  or  by  the  or- 
ganic substance,  which  eyen  distilled  water  contains  in  small 
quantity*  Chloride  of  silver  also  is  affected  by  light  only 
when  in  contact  with  organic  matter  or  with  water,  and  in  the 
latter  case,  also,  most  probably  from  acting  on  the  organic 
matter  which  the  water  held  in  solution.  When  oil  of  vitriol 
is  poured  over  chloride  of  silver,  this  is  not  altered  by  the 
light,  the  sulphuric  acid  combining  with  the  water  and  pro* 
bably  destroying  the  organic  matter  therein  dissolved.  I 
apprehend  that  in  roost,  if  not  all  cases  of  the  decomposition 
of  a  metallic  salt  and  the  reduction  of  the  metal  under  the 
influence  of  light,  a  substance  containing  hydrogen,  exclu- 
sive of  the  water  of  solution,  must  come  into  play. 

The  decomposition  of  the  salts  of  silver  in  contact  with 
paper  under  the  influence  of  light,  has  become  of  interest 
to  the  arts  as  a  process  of  obtaining  accurate  outlines,  and  is 
called  photography^  or  photographic  drawing.  If  a  sheet  of 
paper  be  washed  with  a  very  dilute  solution  of  chloride,  iodide, 
or  better,  bromide  of  potassium,  and  then  with  a  solution  of 
nitrate  of  silver,  there  is  formed  in  the  substance  of  the 
paper,  chloride  iodide,  or  bromide  of  silver,  which  being  in 
contact  with  abundance  of  organic  matter,  is  blackened  by  a 
very  short  exposure  even  to  moderate  light.  If  an  opaque 
body  be  laid  between  a  sheet  of  such  paper,  and  the  lights 
the  portions  to  which  the  light  arrives  become  dark,  whilst 
that  under  the  object  remains  white,  and  thus  the  most  de- 
licate and  complicated  outlines  of  foliage  or  fibres  may,  by  a 
few  minutes*  exposure  to  the  solar  rays,  be  fixed  upon  the 
paper  with  a  degree  of  accuracy  inimitable  by  the  hand.  To 
render  such  a  drawing  permanent,  it  is  necessary  to  remove 
the  silver  compound  under  the  pattern,  for  if  it  remained  the 
blackness  would  gradually  become  uniform  over  the  entire 
surfisu^e,  and  the  picture  should  be  effaced.  This  is  effected 
by  washing  the  paper  after  the  image  has  been  completely 
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fonned,  by  a  solution  of  some  substance  capable  of  dissolving 
out  all  of  the  undecomposed  salt  of  silver ;  for  this  purpose, 
ammonia,  hypo-sulphite  of  soda,  and  strong  solution  of  com- 
mon salt  are  those  generally  employed. 

The  most  remarkable  features  connected  with  the  chemi- 
cal agencies  of  .light  result  from  the  recent  experiments  of 
Herschel.  He  has  shown,  as  was  slightly  noticed  when 
describing  the  general  characters  of  light,  that  the  chemical 
effects  are  not  regulated  by,  nor  limited  to  the  luminous  spec- 
trum, but  by  totally  distinct  rays,  which,  according  to  the 
substance  employed  to  show  their  decomposing  action,  may 
extend  far  beyond  the  visible  limits  on  either  side,  or  may 
stop  short  in  the  middle  of  the  coloured  space,  and  that  the 
greatest  effect  which  generally  occurs  at  the  violet  extremity 
of  the  spectrum,  may  be  produced  at  other  and  widely  dis- 
tant points. 

A  singular,  and  at  present  unaccountable,  consequence  of 
the  action  of  the  prismatic  spectrum  on  paper  impregnated 
with  chloride  of  silver,  is,  that  the  spaces  on  which  the  coloured 
rays  fall  become  coloured,  acquiring  a  tint  corresponding  to 
that  of  the  light  incident  upon  them,  so  that  the  spectrum 
fixes  its  own  image  on  the  paper.  Thus,  the  colours  im- 
pressed were  in  one  experiment : 


Spectrum  Colours. 

Colours  formed  on  the  Paper. 

Extreme  red. 

None. 

Mean  red. 

None. 

Orange. 

Faint  brick  red.  . 

Orange  yellow. 

Brick  red,  pretty  strong. 

Yellow. 

Red,  passing  into  green. 

Yellow  green. 

Dull  bottle  green. 

Green. 

Do.,  passing  into  bluish. 

Blue  green. 

Very  sombre  blue. 

Blue. 

Black,  passing  into  metallic  yellow. 

Violet. 

Do.       Do. 

Beyond  the  violet. 

Violet,  or  purplish  black. 
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It  is  in  the  lavender  coloured  space  that  the  chemical  ef- 
fects are  generally  most  intense ;  nvhen  the  light  of  it  had  been 
concentrated  by  a  lens,  and  received  on  a  piece  of  prepared 
paper,  the  blackening  was  instantaneous ;  precisely  as  if  a 
red  hot  body  bad  been  applied  behind,  or  a  smoky  flame  di- 
rected on  the  paper  over  all  the  space  illuminated,  and  ac- 
curately marking  its  outline. 

In  the  table  of  impressed  colours  just  given,  the  red  rays  ap- 
pear to  have  produced  no  effect ;  but  they  are  by  no  means  des- 
titute of  action*  When  a  quantity  of  diffused  light  is  allowed 
to  fall  upon  the  paper,  in  addition  to  the  more  brilliant  spec- 
tral colours,  the  chemical  image  is  found  to  acquire  a  pure 
white  prolongation  beyond  the  red  space,  in  which  the  dark- 
ening action  of  the  diffuse  light  appears  to  have  been  sus- 
pended. The  opposite  extremities  of  the  spectrum  appear, 
therefore,  to  have  difierent  powers,  the  darkening  quality  of 
white  light  being  due  to  the  difference  between  the  two  in 
favour  of  the  violet  end ;  and  it  is  probable  that  by  a  balance 
of  action,  a  sensitive  paper  might  be  exposed  to  the  action 
of  united  beams  of  brilUant  violet  and  red  light,  and  remain 
perfecdy  unaltered  in  its  colour.  Herschel  did  not,  how- 
ever, succeed  so  fietr :  paper  blackened  by  violet  light  has  that 
blackness  removed  by  the  action  of  red  light  upon  it ;  but  it 
was  found  impossible  to  catch  the  point  where  the  paper 
should  be  white,  for,  according  as  the  black  of  the  violet  end 
passed  off,  the  red  impression  was  substituted  for  it.  When, 
however,  the  difierent  coloured  rays  were  made  to  fall  simul- 
taneously on  the  paper,  the  neutralizing  power  of  the  op- 
posite ends  of  the  spectrum  was  beautifully  shown.  The 
blackening  power  of  the  more  refrangible  rays  was  sus- 
pended over  all  the  space  upon  which  the  less  refrangible 
rays  fell,  and  the  shades  of  green  and  sombre  blue,  which 
the  latter  would  have  impressed  upon  a  white  paper,  were 
produced  on  that  portion,  which,  but  for  their  action,  would 
have  been  merely  blackened. 

The  paper  with  which  those  results  were  obtained,  de- 
rived its  sensibility  to  light  from  chloride  of  silver ;  but  the 
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action  of  other  salts  of  silver  give  such  anomalous  and  vari- 
able efiectSy  that  no  general  principle  whatsoever  can  be 
deduced  from  them ;  thus,  with  bromide  of  silver,  the  bkck- 
ening  proceeds  uniformly  over  the  whole  of  the  visible  speo- 
•tnun,  and  the  whitening  effect  is  produced  beyond  it  to  a 
considerable  distance.  The  subject  has  been  shown  by  Her- 
schel  to  be  one  of  considerable  importance  and  great  extent ; 
end  from  the  popular  interest  it  excites,  some  clue  to  more 
general  knowledge  of  its  principles  will  probably  be  soon 
obtained. 

The  process  lately  discovered  by  Daguerre,  of  fixing 
the  images  of  external  objects  upon  a  prepared  metallic 
plate,  iirone  which  also  deserves  attention,  as  being  founded 
upon  the  chemical  agencies  of  light,  although  hitherto  there 
has  been  but  little  success  in  the  attempts  made  to  assign  a 
theory  of  it.  It  is  not  complicated  in  detail.  A  plate  of 
silvered  copper  is  cleaned  with  dilute  nitric  acid,  so  that  the 
surface  of  silver  shall  be  absolutely  pure,  and  is  then  exposed 
to  the  vapour  of  iodine,  until  a  gold-coloured  pellicle  of  iodine 
of  excessive  tenuity  is  deposited  upon  it  In  this  state  it  is 
very  sensible  to  light.  The  plate  so  prepared  is  placed  in  a 
camera  obscura,  and  the  image  of  the  object  required  is 
allowed  to  remain  on  it  for  a  space  of  time,  which  varies  with 
the  brightness  of  the  light.  When  it  has  been  sufficiently 
exposed,  it  is  removed,  and  submitted  to  the  action  of  the 
vapour  of  mercury,  by  which  the  picture  is  rendered  visible. 
As  there  still  remains,  however,  a  general  sensibility  to  the 
further  influence  of  light,  this  is  removed  by  dissolving  away 
all  the  iodine  and  iodide  of  silver,  by  a  solution  of  hyposul^ 
phite  of  soda.  The  shadows  renudn  then  marked  by  smooth 
amalgamated  surfaces,  and  the  lights,  by  the  corresponding 
portions  being  of  a  dull  grey  colour,  possessing  only  a 
power  of  diffuse  reflection. 

The  explanation  of  this  process,  which,  from  my  own 
observations,  I  am  disposed  to  suggest,  is,  that  the  iodine 
combines  with  the  silver,  and  forms  iodide  of  silver,  which 
is  spread  in  an  amorphous  state,  forming  an   excessively 
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thin  layer,  like  ramish^  over  the  surface  of  the  plate.  Under 
the  influence  of  the  light,  I  conuder  that  this  crystallizes,  as 
melted  sugar  does,  but  so  minutely  as  to  be  invisible  to  the 
eye,  and  the  closeness  and  completeness  of  the  crystalline 
structure  being  proportional  to  the  duration  and  intensity  of 
the  light  to  which  it  had  been  exposed.  When  then  the 
vapour  of  mercury  attacks  the  plate,  the  iodide  of  silver,  in 
both  conditions,  is  decomposed,  and  the  iodine  being  re^ 
placed  by  mercury,  an  amalgam  of  silver  is  formed,  uniform 
in  surface  and  perfectly  metallic  in  its  lustre  over  the  shaded 
portions;  but  the  crystalline  iodide,  in  being  decomposed, 
gives  a  crystalline  amalgam,  which,  from  the  minuteness  of  its 
particles,  presents  only  a  greyish  tint,  and  being  mixed  with 
interspersed  points  of  bright  smooth  amalgam,  where  the 
light  had  been  less  powerfiil,  shades  off  proportionally  all  the 
intermediate  effects. 

The  application  of  the  mercurial  fumes  cannot  be  pushed 
far  enough  to  decompose  all  the  iodide  of  silver^  for  it  would 
Injure  the  picture  by  depositing  itself  irregularly  and  in 
excess.  It  is,  therefore,  necessary,  as  soon  as  enough  has 
been  acted  on  by  the  mercury,  [to  bring  out  the  picture  in  a 
distinct  manner,  to  remove  the  remainder  by  the  washing, 
which  has  been  described. 

The  influence  of  colour  on  the  production  of  pictures,  by 
Daguerre's  process,  is  very  marked ;  the  images  of  green 
objects  are  scarcely  at  all  defined ;  so  that  the  method  is 
scarcely  applicable  to  taking  landscapes.  Red  and  orange 
are  abo  very  feeble  in  their  effect ;  but  blue  even  so  intense 
as  to  be  not  at  all  bright,  is  more  powerful  than  a  brilliant 
wMte  light.  In  order,  therefore,  to  produce  good  effects^ 
objects  should  be  selected  either  white,  or  of  colours  from 
which  red  and  orange  should  be  absent.  The  fixation  of 
colours  in  a  manner  similar  to  that  discovered  by  Herschel, 
and  already  noticed,  has  been  remarked  in  Daguerre's  pro* 
cess,  although  so  irregularly  that  no  advantage  has  as  yet 
been  taken  of  it  for  technical  uses  ;  but  I  have  myself  seen 
on  more  than  one  occasion,  where  a  deep  blue  sky  was  inter- 
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spersed  by  patches  of  bright  white  clouds,  a  perfect  picture 
of  the  sky  in  its  natural  colours  to  be  formed  upon  the  plate. 
Time-worn  stains,  and  marks  upon  the  surface  of  stone  build- 
ings, are  also  occasionally  represented  in  their  natural 
colours.  In  the  majority  of  cases,  however,  where  colours 
are  produced  upon  the  plate,  they  do  not  correspond  in  po- 
sition or  tint  to  those  of  the  natural  objects  whose  image  had 
been  obtained.. 


CHAPTER  VII. 

OF    THE    LIGHT   AND    HEAT   DISENGAGED   DURING 
CHEMICAL  COMBINATION. 

It  has  been  already  noticed  that  the  union  of  substances, 
having  chemical  affinity  for  each  other,  is  accompanied  by 
increase  of  temperature ;  and  in  cases  where  the  affinity  is 
powerful,  the  effect  may  be  so  great  that  the  bodies  shall 
become  luminous :  in  such  instances  the  chemical  action  is 
said  to  be  accompanied  by  combustion.  In  considering  the 
relations  of  t^s  phenomena  to  affinity,  it  will  be  necessary  to 
notice,  first,  the  general  circumstances  of  combustion ;  se- 
condly, the  relation  between  the  amount  of  affinity  and  the 
quantity  of  heat  evolved ;  and,  finally,  the  explanations  that 
have  been  offered  of  the  origin  of  the  light  and  heat. 

In  ordinary  language,  a  body  is  said  to  bum  when  its 
elements  unite  with  the  oxygen  of  the  wr,  and  form  new 
products.  The  accompanying  phenomena  are  in  general 
those  on  which  popular  attention  becomes  fixed,  and  for 
which  the  process  is  generally  carried  on ;  and  hence,  to  the 
world  at  large,  combustion  is  of  importance  only  as  a  source 
of  heat  and  light.  One  of  the  bodies,  as  hydrogen  or  sul- 
phur, is  termed  the  burning  or  combustible  body,  and  the 
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oxygen  is  said  to  be  the  supporter  of  combustion ;  but  this 
language,  although  convenient  for  common  use,  is  incorrect 
as  a  scientific  expression,  for  oxygen  may  be  burned  in*  a 
vessel  of  hydrogen,  as  well  as  hydrogen  may  be  burned  in  a 
vessel  of  oxygen  gas,  the  one  and  the  other  being  equally 
active  in  the  process,  and  being  relaltd  to  each  other  in 
every  way  alike.  In  combustion,  as  indeed  in  all  cases  of  com- 
bination, no  particle  of  matter  becomes  lost  or  annihilated ; 
it  assumes  new  forms,  in  general  gaseous  and  invisible  to  the 
eye  of  popular  observation,  but  easily  collected,  weighed,  and 
analyased  by  the  means  that  chemistry  possesses.  The  solid 
coal  or  wood  which  bums  to  ashes,  changes  but  its  external 
aspect ;  mixing  with  the  general  mass  of  air  under  the  form 
of  carbonic  acid  gas  and  watery  vapour,  its  elements  become 
the  food  of  living  plants,  which,  in  their  turn,  cut  down  or 
fossilized,  form  to  succeeding  ages  the  stores  of  light  and 
warmth  such  as  we  now  enjoy. 

There  are  but  few  bodies  endowed  with  so  great  an  a£E[- 
nity  for  oxygen  as  to  enter  into  combustion  at  ordinary  tem- 
peratures by  contact  with  it.  If  they  do  combine  at  ordinary 
temperatures  with  oxygen,  the  products  are  not  those  which 
combustion  would  tend  to  generate,  but  a  distinct  class  of  sub- 
stances containing  a  smaller  proportion  of  oxygen  combined. 
Thus,  nitric  oxide  gas,  combines  with  oxygen,  even  when 
quite  cold,  forming  red  fumes  of  nitrous  acid  gas,  which  is 
an  inferior  degree  of  oxidation.  Phosphorus,  when  burning 
at  common  temperatures,  emits  but  little  light,  and  forms 
phosphorous  acid;  if  it  be  heated,  it  bursts  into  brilliant 
flame,  and  forms  phosphoric  acid,  which  contains  f  th  more 
oxygen.  Potassium  combines  at  common  temperature  with 
oxygen,  forming  potash;  but  when  heated,  it  burns  with 
flame,  and  combines  with  three  times  as  much  oxygen.  In 
the  complete  combustion  of  organic  matters^  the  products  are 
always  water  and  carbonic  acid.  Thus,  woody  fibre,  which 
is  C.HO.  combines  with  20  to  form  CO3  and  HO. ;  and 
alcohol,  which  is  C3H3O,  combines  with  60  to  form  2(C02) 
and  3(HO).    But  at  common  temperatures  the  slow  oxidize- 
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tnent  of  woody  fibre  produces  the  black  vegetable  mouldi 
a  form  of  ulmine^  the  CHO  taking  O.  to  form  CHO,.  At 
common  temperatures  alcohol  becomes  acetic  acid,  the 
C3H3O  combining  with  20  to  form  C9H3OS  and  HO.  The 
pyroxylic  spirit  at  common  temperatures  becomes,  by  slow 
combustion,  formic  acid,  CsH402  taking  O4  to  form  CsHa04 
and  JJ?(HO). 

This  slow  combustion  produces  heat,  although  so  much 
less  than  is  evolved  by  the  more  rapid  process,  that  it  may 
easily  be  overlooked.  But  if  a  number  of  sticks  of  phosphorus 
be  laid  together,  and  allowed  to  oxidize,  they  will  warm  each 
other  80  much  as  to  melt  and  burst  into  vivid  flame.  The. 
oils  and  tallow,  if  there  be  a  large  surface  exposed  to  the 
air,  as  when  cotton  or  linen  rags  imbibed  in  oU,  lie  in  a  heap, 
combine  so  rapidly  with  oxygen  to  form  a  sort  of  resin,  that 
by  the  heat  evolved  the  mass  will  be  set  on  fire,  and  hence 
the  origin  of  those  spontaneous  fires,  so  called,  which  con* 
sumed  the  naval  arsenal  at  St.  Petersburgh,  and,  in  many 
eases,  cotton  mills  in  England.  To  this  cause  also  may  be 
ascribed  the  hght  which  issues  from  points  in  the  surface  of 
a.  marsh  or  bog,  and  the  luminous  appearance  which  fish 
assumes  when  decomposition  has  just  commenced.  The 
energy  of  this  slow  combustion  may  be  much  increased  by 
heat  applied  below  the  point  which  produces  rapid  action  : 
thus  tallow,  when  heated  below  redness,  burns  with  a  pale 
lambent  flame,  invisible  in  daylight,  but  still  so  marked,  that 
if  it  be  plunged  into  a  vessel  of  oxygen  the  whole  mass  bursts, 
into  brilliant  combustion,  forming  then  the  ultimate  products, 
water  and  carbonic  acid. 

On  this  fact  of  the  increased  energy  in  the  process  of  slow 
combustion  produced  by  a  heat  below  that  at  which  the  body 
is  inflamed,  is  founded  the  construction  of  the  lamp  without 
flame,  or  the  aphlogisiic  lamp.  If  a  wine  glass  be  taken,  and 
rinced  inside  with  strong  alcohol,  or  ether,  and  then  a  coil 
of  fine  platina  wire,  or  a  ball  of  spongy  platina  heated  to  red- 
ness,  be  suspended  in  the  middle  of  the  glass,  it  will  remain 
red  until  all  the  alcohol  or  ether  has  been  exhausted.    The 


ACTION  OF  3P0N6Y  PLATINA  ON  QA8E0US  MIXTURES.  38*7 

glass  becomes  filled  with  a  mixture  of  air  and  inflammable 
Yaponr,  which,  by  the  influence  of  the  heated  platina^  is  ena- 
bled to  combine  and  form  acetic  and  formic  acids.  By  this 
combination  heat  is  evolved,  which  prevents  the  cooling  of  the 
wire  or  bally  and  thus,  as  long  as  any  combustible  material 
remains,  the  platina  is  kept  ignited.  The  platina  ball  or  wire 
may  also  be  (and  in  practice  generally  is)  fixed  over  the  wick 
of  a  spirit  lamp,  and  the  lamp  having  been  ignited,  is  blown 
out  as  soon  as  the  platina  has  become  red,  which  then  con- 
tinnes  to  glow  until  the  lamp  has  been  emptied  of  the  spirit; 
the  latter  asc^iding  through  the  capillary  wick,  and  forming 
over  its  top  a  little  explosive  atmosphere  in  which  the  ball  of 
platina  is  immersed  and  works. 

This  property  of  platina  appears  to  depend  on  the  power 
which  it  possesses  of  attracting  to  its  surface  in  a  condensed 
form  a  layer  of  particles  of  whatsoever  gaseous  mixture  it 
be  immersed  in.  Hence,  if  its  surface  be  in  the  slightest 
degree  soiled  it  ceases  to  exert  this  action,  and  by  increasing 
the  surface  its  energy  may  be  augmented  in  a  remarkable 
degree.  The  form  in  which  it  is  most  powerful  is  that  of  the 
slightly  coherent  spongy  mass,  obtained  by  reducing  at  a  full 
red  heat  the  ammonia  chloride  of  platinum ;  if  a  ball  of  the 
metal  so  prepared  be  plunged  into  a  vessel  of  oxygen  and 
hydrogen,  mixed  in  suitable  proportions,  to  form  water,  the 
gases  instantly  explode  ;  for  the  oxygen  and  hydrogen, 
being  absorbed  by  the  spongy  platina,  are  brought  into  inti- 
mate contact  upon  its  surface,  and  unite,  thereby  evolving 
so  much  heat,  as  to  raise  the  temperature  of  the  platina  ball 
to  redness,  and  thereby  inflame  the  remaining  gas.  The  ac- 
tion of  the  spongy  platina  may  be  weakened  by  mixing  it  with 
some  pipeclay,  or  using,  as  in  the  aphlogistic  lamp,  the  pla- 
tina in  the  form  of  plate  or  wire.  In  this  way  all  combus- 
tible gases  may  be  caused  to  combine  gradually  with  oxygen, 
but  they  require  different  temperatures,  and  the  action  is 
modified  by  the  presence  of  other  gases,  in  a  manner  which 
is  often  taken  advantage  of  in  gaseous  analysis. 

The  most  remarkable  application  of  this  property  is  to 
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procure  instantaneous  light  by  means  of  the  hydrogen  gas 
lamp.  A  vessel^y^  contains  dilute  sulphuric 
acid,  into  which  the  tube  of  the  vessel  ^A  dips 
nearly  to  the  bottom,  having  attached  a  piece 
of  ordinary  zince.  The  vessels  being  ground 
air-tight  where  they  fit  to  one  another,  when 
the  stop-cock  b  is  closed,  and  that  the  add 
acts  on  the  zinc,  the  hydrogen  evolved  cannot 
escape,  and,  pressing  on  the  liquid  iny,  forces 
it  up  into  A,  until  the  acid  falling  below  the  level  of  the  zinc, 
the  action  ceases.  To  the  stop-cock  b  is  attached  a  jet  c,  in 
front  of  which  is  fixed  a  ball  of  spongy  platina  a,  which,  being 
in  the  air,  has  always  condensed  in  its  pores  a  quantity  of 
oxygen  gas ;  on  opening  the  stop-cock,  the  hydrogen,  issuing 
from  the  jet,  strikes  upon  the  platinum,  and  combining  with 
the  oxygen,  heats  the  ball  so  highly,  that  it  inflames  the  jet 
of  gas,  and  thus  affords  a  flame,  at  which  any  other  substance 
may  be  lighted.  This  lamp  has  assumed  a  variety  of  forms, 
of  which  the  above  is  that  which  best  shows  its  principle- 
All  bodies  possess  this  property  to  a  sli^t  extent,  particu* 
larly  when  hot ;  but  in  none  is  it  active  enough  to  be  use- 
fully applied,  except  in  platinum. 

The  temperatures  at  which  bodies  enter  into  rapid  com- 
bustion are  very  various  ;  thus,  phosphorus  inflames  at  a 
temperature  of  120**  R,  and  sulphur  at  300**  F.  Phosphu- 
retted  hydrogen  gas  inflames  at  all  ordinary  temperatures, 
whilst  hydrogen  requires  a  dull  red,  and  carburetted  hydro- 
gen a  bright  red  heat,  before  they  will  take  fire.  The 
inflammability  of  phosphorus  has  been  shown  by  Graham  to 
be  afiected  by  the  presence  of  small  quantities  of  various 
substances,  in  a  very  curious  manner ;  thus,  phosphorus  may 
be  sublimed  in  air  saturated  with  vapour  of  oil  of  turpen- 
tine, without  any  tendency  to  combustion,  or  combination 
with  oxygen,  being  evinced. 

Combustion  occurs  only  at  the  point  where  the  two 
substances  which  enter  into  union  are  in  contact.    Thus  in 
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an  ordinary  flame  the  true  combustion  is  limited  to  a  thin 
sheet,  indde  of  which  is  totally  dark,  and  occupied  by  the 
combustible  material  of  the  burning  body  in  a  state  of  gas. 
This  is  easily  shown  by  holding  over  the  flame  of  a  candle 
or  a  spirit  lamp,  a  piece  of  wire  gauze,  the  burning  sheet  is 
marked  by  a  ring  of  light,  but  the  interior  is  dark,  although 
full  of  inflammable  vapour,  which  passes  through  uninflamed, 
and  may  be  ignited  on  the  opposite  side  of  the  gauze*    In 
the  flame  of  an  ordinary  candle  a  four  distinct  portions  may  be 
observed,  having  totally  distinct  constitutions ;  at 
the  base  of  the  flame  1 1  a  pale,  blue  coloured  light  is 
emitted,  for  there  the  air  is  excess,  and  the  com- 
bustion is  at  once  complete ;  higher  up  from  ii  to  e 
the  combustible  material  is  in  excess,  and  the  most 
brilliant  light  is  produced  by  the  active  combination; 
this  portion  is  surrounded  by  a  sheet  of  much  paler 
and  yeDower  light,  e  e,  which  is  observable  particu- 
larly at  the  sides  of  the  flame,  whilst  the  inside  of  the  flame  b 
•  remains  completely  black,  and  is  occupied  only  by  vapour  in- 
capable of  burning  from  having  no  access  to  the  external  air. 
The  hght  emitted  arises  also  from  the  circumstances  of  the 
combination ;  the  temperature  of  flame  is,  in  all  cases,  ex- 
ceedingly high,  although  often  but  little  luminous,  for  it  is 
found,  that  a  current  of  air,  hot  enough  to  brilliantly  ignite 
a  solid  body,  is  itself  not  at  all  incandescent.    Hence,  in  all 
cases  where  bright  light  is  produced  in  combustion,  one  of  the 
bodies  engaged  must  be  solid,  and  the  light  is  really  derived 
from  its  becoming  ignited.     Thus  hydrogen  and  sulphur 
give,  in  burning,  very  little  light,  because  the  one  is  a  gas, 
and  the  other,  when  burning,  is  in  the  state  of  vapour,  and 
the  products  of  combustion  are,  when  formed,  in  both  cases, 
gaseous.    Phosphorus  when  it,  in  burning,  forms  a  volatile 
body,  gives  but  little  Kght,  but  when  it  forms  a  fixed  pro- 
duct^ is  one  of  the  most  brilliant  instances  of  combustion. 
Iron   and  zinc,  which  form  solid  oxides,  burn  with  great 
lights  and  carbon,  although  forming  a  gas,  being  itself  solid. 


290  C0K6TITUTI0N    OF    FLAME. 

prodiices  light  alpo,  In  ihe  <:a8e  of  a  candle^  the  source  of 
light  is  to  be  found  in  tb^  d^cpmposition  which  the  inflam* 
mable  vapour  inside  of  the  flame  undergoes  from  the  high 
temperature  to  which  it  is  subjected  ;  one  half  of  its  carbon 
is  deposited  in  the  solid  form,  forming  smoke,  and  it  is  this 
smokei  which  becoming  ignited,  constitutes  the  great  source 
oflight»  A  body  which  could  not  form  smokes  eould  not 
give  put  much  light  in  burnings  The  separt^tioii  of  this  car- 
bon (soot)  in  the  flame  may  easily  be  shown  by  placing 
pyer  the  flame  of  the  candle  a  sheet  of  wire  gauze,  below  the 
middle  of  the  luminous  space,  the  flame  becomes  dull,  and 
the  carbon,  which  in  burning  should  have  rendered  it  brilli- 
ant, passes,  as  smoke,  through  the  gauze,  and  may  be  inflamed 
above }  when  the  supply  of  air  is  insufficient,  this  smoke  is 
not  completely  burned,  and  a  corresponding  quantity  of 
heating  and  lighting  material  is  lost,  and,  as  it  carries  oiF 
with  it  a  great  quantity  of  the  heat  already  formed,  it  actually 
cools  the  flame.  When,  therefore,  a  high  temperature,  or  a 
clear  flame,  without  smoke,  is  required,  all  carbon  must  be 
consumed.  This  is  effected  by  a  variety  of  contrivances  : 
in  the  burner  of  the  Argand  lamp,  or  gas  jet,  a  current  of 
air  is  established  through  the  centre  of  the  flame,  and  thus 
the  combustion  of  the  inflammable  vapour  much  accelerated ; 
in  the  flame  of  the  blow-pipe  the  same  effect  is  produced,  by 
the  current  of  air  from  the  bellows  or  the  mouth ;  and  on  a 
large  scale  by  the  numerous  ways  of  burning  smoke,  so  ne- 
cessary in  factories  situated  in  large  cities.  In  the  employ- 
ment of  the  blow-pipe,  the  constitution  of  the  flame  is  of 
"^  great  importance,  for  according  as  the 

\^(M^^t:>r^  body  to  be  heated  is  placed  at  6,  where 
M  the  oxygen  of  the  air  preponderates,  or 

H  between  a  and  b,  where  it  is  immersed  in  an 

atmosphere  of  inflammable  material*  th^ 
mpst  opposite  effects  of  violent  oxidation,  wd  of  reduction 
from  the  state  of  oxide,  may  be  produced.  Xhu;s  a  gla^a  pf 
copper  becomes  green  at  (,  and  red  from  a  to  (;  a  glas3  qf 
manganese  is  rendered  purple  at  b,  but  colourless  from  a  to 
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6;  there  being  few  bodies  whose  relations  to  the  blowpipe 
cftQ  be  eompletely  known  widioul  a  comparison  of  the  effcet 
of  the  oxidiang  and  reducing  flames. 

During  combustion  the  heat  evolved  is  at  first  absorbed 
by  the  body  which  is  then  produced ;  but  it  is  afterwards 
dnitrlbuted  Arough  the  mass  of  all  neighbouring  bodies  in 
pr<^portion  to  dieir  conducting  powers.  It  is  easy  to  calcu- 
late the  temperature  to  which  the  product  of  the  combustion 
Is  is  the  first  place  raised.  Thus  eight  parts  of  oxygen  unite 
with  cne  part  of  hydrogen  by  weight  to  form  nine  of  water. 
If  watery  vapour  had  the  same  capacity  for  heat  as  water« 
the  temperature  of  the  vapour  produced  should  he,  since  one 
part  of  oxygen  heats  twenty-nine  parts  of  water,  180  de- 
greesy  c: |(29  X  180)  =  4640  above  the  freezing  point ;  but 
the  capacity  of  watery  vapour  in  equal  weight  is  only  0*847, 
and  therefore  it  is  more  easily  heated  in  that  proportion  than 
Kqoid  water;  hence  the  temperature  really  produced  is  zz 
4640  X  0*847,  or  5478  above  the  freezing  point  of  wster. 
If,  however,  in  i^ace  of  pure  oxygen,  atmospheric  air  had 
been  made  use  of,  then  23*1  parts  of  oxygen  are  mixed 
tlierein  with  76*9  parts  of  nitrogen,  which  must  be  heated  to 
the  same  temperature  with  the  watery  vapour,  and  of  course 
at  its  expense.  The  capacity  of  nitrogen  gas  for  heat  is 
02866,  one-third  that  of  wateiy  vapour ;  but  in  the  air  which 
is  necessary  to  form  nine  parts  of  water,  there  are  26*8,  or 
almost  exactly  three  times  as  much  nitrogen,  so  that  pre 
dsely  one-half  of  the  quantity  of  heat  produced  is  absorbed 
by  the  nitrogen,  and  the  temperature  of  the  mixture  rises 
eidy  to  2739^  above  the  freezing  point 

Such  being  the  temperatures  produced  by  hydrogen  gas 
in  burning  in  oxygen  and  in  atmospheric  air,  it  is  easy  to 
pnderstand  why  we  can  by  its  power  fuse  those  substances 
which  resist  afaaost  every  other  means.  The  melting  point 
0f  cast  iron  is  2786%  that  is  ahnost  exactly  the  same  as  that 
produced  by  hydrogen  burning  in  the  open  air,  but  the  tem- 
perature of  5478%  given  by  hydrogen  burning  in  oxygen,  is 
yery  nearly  double  that,  end  passes,  therefore,  far  beyond  the 
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melting  point  of  platinum^  and  exceeds  the  heat  of  all  our 
other  artificial  fires  ;  it  is  only  in  the  dbcharge  of  the  Gal- 
vanic battery,  or  in  the  solar  rays  concentrated  by  a  lens, 
that  the  heating  effects  of  burning  hydrogen  and  oxygen 
can  be  equalled.  If  the  nitrogen  had  been  present  in  a 
quantity  ten  times  as  great,  it  would  have  absorbed  \^  of  the 
amount  of  heat  evolved,  and  hence  the  resulting  temperature 
should  be  only  about  500®.  Such  a  mixture,  therefore,  could 
not  explode  at  all,  for  the  first  little  portion  which  might  b^ 
burned  could  not  produce  the  necessary  temperature  for 
communicating  the  combustion  to  the  mass.  In  this  manner 
the  combustibility  of  gaseous  mixtures  may  be  destroyed  by 
mixing  them  with  other  gases,  in  such  quantities  as  may  cool 
them  below  the  temperatures  at  which  explosion  can  take 
place.  One  volume  of  a  mixture  of  oxygen  and  hydrogen  is 
prevented  from  exploding  by  the  presence  of  nine  volumes  of 
hydrogen,  six  volumes  of  nitrogen,  one  of  olefiant  gas,  two 
of  ammonia,  three  of  carbonic  acid  i  but  with  eight  volumes 
of  hydrogen,  or  five  volumes  of  nitrogen,  explosion  may 
occur. 

The  greater  density  of  solid  bodies,  and  the  greater  ra- 
pidity with  which  they  are  capable  of  conducting  away  the 
heat  which  they  receive,  enables  them  in  a  still  more  remark- 
able degree  to  reduce  the  temperature  of  flame,  and  conse- 
quently to  extinguish  it.  Thus,  if  a  piece  of  metallic  gauze 
be  held  over  a  jet  of  ignited  coal  gas,  the  flame  will  be  arrested 
at  the  lower  surface  of  the  gauze ;  and  al- 
though the  gas  and  air  may  pass  through, 
forming  an  explosive  mixture,  yet  no  inflam- 
mation can  be  propagated ;  and,  if  the 
mixture  of  air  and  gas  be  allowed  to  pass 
through  the  metallic  gauze,  and  then  ignited 
at  its  upper  surface,  it  will  bum  there;  but 
although  the  space  between  the  jet  and 
gauze  be  occupied  by  inflammable  material,  the  flame  cannot 
pass  down,  the  metallic  tissue  conducting  away  the  heat  so  ra- 
pidly, as  to  prevent  the  temi)erature  from  rising  to  the  ne- 
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cessary  degree.  Another  and  a  very  striking  form  of  this 
experiment  is,  to  lay  on  the  metallic  gauze  a  piece  of  cam- 
phor, and  to  hold  it  over  a  lamp ;  the  camphor  will  melt,  and 
vaporize,  but,  as  it  melts,  it  will  in  part  filter  through  the 
gauze ;  this  portion  takes  fire,  and  a  sheet  of  smoky  flame 
covers  the  lower  surface ;  but  above^  the  camphor  in  vapour 
mixes  with  the  air  without  inflaming. 

The  application  of  this  principle  to  the  construction  of 
the  safety  lamp  for  mines,  constitutes  one  of  the  most  beau- 
tiful instances  of  the  advantages  which  may  practically  flow 
from  what,  superficially  considered,  might  appear  a  mere  ab- 
stract principle  in  science.  The  fire  damp,  or  light  carbu- 
retted  hydrogen,  which,  issuing  from  the  minute  fissures  in 
the  excavations  of  a  coal  mine,  is  diffused  through  the  air  in- 
troduced for  the  purposes  of  ventilation,  often  forms  an  ex- 
plosive mixture,  which,  being  set  on  fire  by  accident  or 
negligence,  detonates  with  awful  violence,  and  destroys  all 
living  beings  which  may  at  the  time  be  in  the  mine.  This 
gas  is  one  of  the  least  easily  inflammable,  and  hence,  most 
fortunately  for  humanity,  one  to  which  the  principle  of  cool- 
ing orifices  may  be  most  successfully  applied.     The  candle 

or  lamp  6,  by  which  light  is  to  be 
__j|iL  __M  obtained  for  working  in  the  mine, 

ib^^^         ^^^^      is  surrounded  by  a  cylinder  of 

wire  gauze,of  about  1500  orifices 
in  the  square  inch.  Inside  of 
this  the  inflammable  mixture 
may  explode,  but  the  flame  can- 
not pass  out;  the  combustion 
cannot  be  communicated  to  the 
general  mass  of  external  air,  and 
thus  the  miner,  guided  by  the 
never-failing  indications  of  his 
safety  lamp,  passes  along  through 
galleries  under  ground,  where 
the  emission  of  a  spark  would  cause  destruction,  and  measures. 
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bj  the  appearance  of  Ihe  lamp,  the  actual  condition  of  the 
air  he  breathes,  the  phenomena  of  the  flame  indicating  also 
its  fitness  for  respiration.  If  the  air  be  pure,  the  lamp  bums 
clear^  as  in  the  upper  air;  if  some  fire  damp  be  present,  the 
lamp  shows  much  less  light,  the  flame  becomes  red  and 
smoky ;  if  the  nezious  impregnation  be  still  increased,  the 
flame  of  the  lamp  itself  becomes  eztingubhed,  and  the 
cylinder  of  metallic  ganxe  is  filled  by  a  sheet  of  lurid  flame ; 
the  miner  being  then  enveloped  by  an  atmosphere  fully  ex- 
plosive, and  even  fatal  to  Hfe,  if  it  be  long  respired*  If  he 
proceed  still  further,  all  flame  Is  lost,  for,  as  the  fire  damp 
then  predominates,  there  is  produced,  from  deficiency  of 
oxygen,  only  a  slow  invisible  combustion  ;  bnt  even  this 
is  made,  by  the  sublime  genius  of  its  inventor,  Davy,  to  give 
the  miner  the  last  warning  to  return  to  safer  regions :  a  sheet 
of  thin  platina  being  coiled  up>  and  hung  over  the  wick  of  the 
lamp,  becomes  ignited,  as  in  the  aphlogisUc  lamp,  and  con- 
tinues to  emit  a  fsint,  but  most  useful  beacon  glow,  until 
an  atmosphere  is  obtained,  where  there  is  oxygen  enough 
to  support  rapid  combustion,  or  until  a  place  is  reached,  so 
destitute  of  oxygen,  that  no  combustion  whatsoever  can  take 
pkee. 

The  determination  of  the  quantity  of  heat  produced  during 
the  combustion  of  a  given  quantity  of  combustible  substance, 
is  a  proUem  of  great  importance  in  the  arts,  as  on  it  depends 
the  economic  value  of  all  varieties  of  fuel  The  plan  generally 
followed  has  been  to  burn  the  substances  by  means  of  the 
smallest  quantity  of  air  which  is  sufficient,  in  a  vessel  sur- 
rounded,, as  far  as  possible,  with  water.  If  it  be  found  that  the 
burning  of  a  pound  of  wood  heats  37  pounds  of  water  from 
32^  .to  21S?,  no  idea  can  be  thereby  formed  of  the  quantity 
of  heat  evolved  ;  but  if,  in  another  trial,  it  be  found  that  the 
burning  of  a  pound  of  charcoal  raises  the  temperature  of 
74  pounds  of  water  through  the  same  range,  it  follows  that 
the  charcoal  had  double  the  calorific  power  of  the  wood.  True 
relative  numbers  can  thus  be  obtained,  although  they  have 
independently  no  positive  signification.  The  results  obtained 


EVOLVED  IW  PERFECT  COHIBUSTION.  295 

in  this  matlllcft  hdv6  b«^n  exc^dingly  dis<iordatit ;  btit,  by 
the  late  researches  of  DedpreCs  and  of  Bull,  which  dppear  to 
have  been  cbilducted  with  more  attenfldn  to  accuracy  tiiati 
former  ones,  a  very  interesting  rule  has  been  dbtained : 
it  is  thai  in  all  eases  of  combustion  the  quantity  of  heat 
evolved  is  proportion^  to  the  quantity  of  oxygen  which 
enters  into  combination.    Thus  Despretz  found 

1  lb.  of  oxygen,  aniting  with  hydrogen,  heaU  from  S2«  to  812^,  29}  lbs.  oi  water. 

M  M  M  choreoftl,  ,|  i,  99  „ 

f*  t»  It  doohrf,  n  n  28  H 

ft  •»  ft  ether,  „  p^  28f  „ 

This  rule,  howevef,  ftiust  be  liable  to  some  very  curious 
changes,  for  1  pound  of  oxygen,  in  combining  with  iron, 
could  beat,  by  Desptetz's  exj>eriments,  53  pounds  of  water, 
or  almost  exactljr  twice  as  miich  as  in  the  former  list,  and 
with  tin  and  sine  the  same  donble  proportion  held.  With 
phosphorus  a  singular  peenhaTity  was  obserted,  which,  wheif 
the  snbject  comes  to  be  more  felly  studied,  may  throw  somef 
ligfat  npon  the  former  differences.  When  pbospboms  burnv 
slowly,  sa  as  to  form  phosphorous  acid,  it  heats,  in  combining 
with  a  pound  of  oxygen,  £8  pounds  of  water,  but  when  it 
burm  brffliantly  and  forme  phosphoric  acid,  the  heat  evolved 
is  doubled,  and  becomes  the  same  as  that  produced  with 
iron,  tin,  or  zinct  As  a  sngge^tion,  I  would  remark,  that, 
in  the  eases  where  the  smaller  proportion  of  beat  is  evolved, 
the  products  of  combustion  are  all  volatile^  and  where  the 
laarger  proportion  is  produced  the  products'  are  fixed  and 
rnsHd;  eren  in  the  case  of  phosphorus,  when  it  combines, 
pTodsfriffg  least  heat,  it  forms  a  voktSe  product,  but  one 
wluck  resists  a  fbH  red  hawl,  in  the  ease  where  the  combi-i 
a&tion  has  been  complete. 

Hess  has  lately  pointed  out  u  relation  between  the  amonnli 
of  ehemical  action  and  the  quantity  of  beat  evolved,  which 
may,  when  examined  in  a  greater  unmber  of  cases,  lead  to 
vety  knportant  conclusions.  He  has  found  that  sulphuric 
aeM,  in  eoiribining  with  any  base,  genef  atesy  in  all  oases, 
the  same  qi&axitity  of  heat  v  the  rise  of  temperature  is,  of 


nth  Water. 

Sum. 

•       •       t 

.    595-8 

77-8    . 

.    596-7 

116-7    .    . 

597-2 
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coursCi  greatest  when  the  acid  and  base  are  both  in  an  un« 
combined  condition,  as  where  vapour  of  anhydrous  sulphuric 
acid  produces,  by  contact  with  dry  bary  tes,  brilliant  ignition ; 
but  although  the  barytes  generates,  by  contact  with  dilute 
sulphuric  acid,  much  less  heat,  yet,  if  the  two  quantities 
evolved,  first  by  mixing  the  strong  acid  with  water^-  and 
then  the  dilute  acid  with  the  base,  be  added  together,  the 
sum  appears,  from  a  great  number  of  experiments,  to  be 
constant ;  thus  diluting  oil  of  vitriol  with  water,  and  neutral- 
izing it,  so  diluted,  with  ammonia,  Hess  found  the  heat  in 
each  case  to  be 

With  Ammonia. 

Oa  of  vitriol,  .  5958  . 
First  dilution,  .  5189  . 
Second  dilution,   480*5    • 

Connecting  these  results  with  those  of  Despretz  just  given 
for  the  bodies  which  unite  with  oxygen,  it  would  appear  likely 
that  the  quantity  of  heat  evolved  in  chemical  combination, 
may  be  connected  with  the  equivalent  number  and  the  elec- 
trical condition  of  the  substances,  by  a  definite  law  which 
further  investigation  may  disclose. 

At  all  periods  in  the  history  of  chemistry,  the  explanation 
of  the  phenomena  of  combustion  was  that  for  which  the  ge* 
neral  theory  of  the  science  was  constructed ;  and  accordingly 
we  find  that  every  period  of  its  progress  has  been  marked 
by  the  views  adopted  to  account  for  the  heat  and  light  so 
evolved.  The  coarse  and  unphilosophical  ideas  of  the  exist- 
ence of  a  peculiar  principle  of  inflammability,  which  pre- 
vailed before  Lavoisier's  time,  do  not  require  notice ;  but  the 
theory  which  he  proposed,  although  not  now  received,  is  yet 
like  all  his  works,  of  so  much  interest  and  importance,  that 
it  would  be  improper  to  pass  it  over. 

When  Lavoisier  Uved,  the  minds  of  philosophers  were 
fixed  in  the  opinion,  that  heat  and  Ught  were  positively  exbt- 
ing  substances,  which  might  enter  into  combination,  or  be 
disengaged  from  combinations  in  which  they  had  previously 
been  engaged,  just  as  lead  or  oxygen,  or  any  other  of  the 
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ordinary  bodies  we  operate  upon  in  our  experiments.  Gases 
were  believed  to  be  compounds  of  the  true  solid  body  with 
light  and  heat;  and,  hence,  when  oxygen  gas,  combined  with 
iron  or  with  phosphorus,  and  assumed  the  solid  form,  the 
light  and  heat  with  which  the  real  oxygen  had  previously 
been  united,  were  set  free.  Hydrogen  and  oxygen  gases, 
in  combining  to  form  liquid  water,  underwent  the  greatest 
condensation,  and  by  their  union,  therefore,  the  greatest  heat 
was  evolved ;  and  in  all  such  cases,  where  a  gas  became  a 
liquid  or  a  solid,  this  theory  was  fully  competent  to  explain 
the  facts.  However,  in  very  many  cases  it  fidled  completely ; 
thus,  by  the  umon  of  carbon  with  oxygen,  so  far  from  a  gas 
becoming  sofid,  and  so  evolving  heat,  a  solid  becomes  a  gas, 
and  should  produce  an  equivalent  degree  of  cold.  Lavoisier 
here  brought  in  to  his  aid  the  relative  specific  heats  of  the 
gases  before  and  after  union ;  thus,  if  the  carbonic  acid, 
formed  by  burning  carbon  in  oxygen  gas,  had  a  much  less 
specific  beat  than  oxygen,  there  might  be  evolved  a  quantity 
of  heat  in  the  same  way  as  it  occurs  with  water  and  sulphuric 
add ;  but  this  is  not  the  fact ;  on  the  contrary,  the  carbonic 
acid  has  a  specific  heat  greater  than  that  of  the  oxygen  gas 
it  was  formed  from,  in  the  proportion  of  1195  to  808:  and 
hence,  on  Lavoisier's  views,  an  intense  degree  of  cold  should 
be  produced  in  the  combustion  of  charcoal,  as  well  by  the 
latent  heat,  which  the  solid  should  absorb  in  becoming 
gaseous,  as  by  the  increased  specific  heat  of  the  gas  so 
formed.  This  example  is  sufficient  to  show  the  way  in  which 
Lavoisier's  theory  became  inapplicable  to  the  wants  of 
science. 

IMr.  Thompson  has  recently  endeavoured  to  account  for 
the  beat  evolved  in  chemical  combination,  by  an  applica* 
tion  of  the  law  of  Dnlong,  regarding  specific  heats  (described 
page  lOg).  Every  molecule  of  a  simple  body  being  supposed 
provided  with  the  same  quantity  of  heat,  he  suggests,  that 
when  a  number  of  them  combine  together,  the  heat  of  one 
or  more  is  expelled,  and  thus  produces  the  rise  of  tempera- 
ture.    Thus  considering  oil  of  vitriol  to  contain  seven  com- 
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bining  equiTalentSj  two  of  bydrogeoi  fimr  of  oxygen,  and  one 
of  sulphur,  and  that  the  specific  heat  of  all  of  these  is  the 
same,  8*1,  as  results  from  Dulong*s  law  if  it  be  supposed 
rigidly  exact,  the  specific  heat  of  oil  of  Titriol  should  be 

■*  ,  ,    =  0*442,  49-1  being  the  equivalent  number  of  oil  of 

▼itriol;  but  the  specific  heat  found  by  experiment  is  only 
0352;  so  that  exactly  me-fifth  of  the  total  quantity  of  heat 
has  been  lost  by  the  act  of  combination,  and  may  hence  be 
supposed  to  have  caused  the  phenomena  of  ciombustion. 

In  the  extension  of  this  principle  a  little  fiirther  than  Dr. 
Thompson  appears  to  have  contemplated  its  application,  8om6 
coincidences,  with  results  already  known,  are  found,  wUch 
give  it  an  aspect  of  considerable  theoretic  interest*  Thus,  we 
may  consider  certain  metalKc  oxides  as  consisting  of  an  equi* 
valent  of  each  constituent,  and  that  hence  their  proper  specific 
heat  should  be,  if  none  were  lost  by  combination,  8*1  X2=:6'2 ; 
but  the  specific  heat  of  the  compound  molecule  is  experiment 
tally  found  to  be  5*4,  and  thus  that  0*8  of  heat  had  been  losty 
producing  the  phenomena  of  combustion  in  combination.  In 
this  manner  we  can  understand  why  Despretz  found  that  a 
certain  quantity  of  oxygen  evolves  the  same  quantity  of  heat 
in  combining  with  very  many  bodies*  If  we  examine  the  sul- 
phates noticed,  p.  104,  in  relation  to  the  same  principle,  we 
find  that  as  there  are  in  each,  six  molecules,  the  specific  heat 
should  be  18-&=3*1  x6,  but  it  is  found  to  be  but  two-thirda 
of  that^  13'4.  Now,  if  here,  as  in  the  oxidea,  the  combusti- 
ble material  retains  its  heat,  and  that  it  be  from  the  oxygen 
that  the  portion  set  free  is  taken,  the  experimental  result 
arisea  from  the  heat  of  each  oxygen  molecule  being  reduced 
by  1  *6,  and  hence,  that  when  ox:ygen  forms  a  salt  with  sulphur 
and  a  metal,  the  heat  evolved  is  double  that  produced  in 
flunple  oxidation.  The  fact  of  the  same  quantity  of  oxygen 
giving  dottUe  the  amount  of  heat  when  it  converts  phospho- 
ma  into  phosphoric  acid,  than  whcnit  forms  only  phosphorous 
aeidy  may  have  its  origin  in  an  analogous  condition. 

In  the  ease  of  the  cavbonates,.  airother  form  of  the  prin- 
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ciple  becomes  manifiMt ;  but  on  this  Tiew  it  ia  necessary  to 
consider  carbonic  acid  as  containing  five  molecules,  one  of 
carbon  and  four  of  oxygen,  and  as  unitii^  with  two  molecules 
of  a  metalKc  oxide.    The  carbon  and  metal  bum  each  in 
half  of  the  quantity  of  oxygen  with  which  they  ultimately 
unite,  and,  like  phosphorus,  separate  from  that  oxygen  only 
the  smaller  quantity  which  it  can  lose  when  entering  into  com- 
bination ;  the  carbonic  oxide  and  suboxide  then  unite  with 
the  residoe  of  oxygen,  and  from  it  separate  the  larger  por- 
tion of  heat,  as  occurs  when  phosphoric  add  is  produced* 
The  resulting  specific  heat  for  a  carbonate  is,  therefore, 
9*3  +  6*9  +  4*5  ==  20*7,  or  reduced  to  the  equivalent  number 
used  in  p.  lOS,  it  is  10*35,  the  experimental  number  being  10'4» 
The  results  in  these  three  cases  may  be  shown  in  the  form 
of  the  following  table,  in  which  the  first  column  contains  the 
equivalent  molecule  of  the  body,  M  denoting  the  equivalent 
of  a  metal ;  the  second  column  contains  the  specific  heats 
calculated  on  the  supposition  that  there  is  none  lost  in  com- 
bining; the  third,  the  calculation  by  which  the  fourth  column 
of  true  calculated  specific  heats  is  obtained ;  and  the  fifth, 
the  specific  heats  that  have  been  found  by  experiment. 


1. 

2. 

S. 

4. 

6. 

MO 

6-2 

3-1  +  2-3 

5-4 

5-4 

MO4S 

18-6 

(2x3-1) +  (4x1-6) 

l«-2 

12-4 

MjOsC 

27-9 

(3x31)  +  (3x2-3)+(3xl-5) 

20-7 

20-8 

The  coincidences  refer  only  to  the  bodies  already  selected, 
pp.  103,  104,  as  examples  of  simplicity  in  the  relation  of 
their  specific  heats,  and  certainly  do  not  exist  in  a  great  num^ 
ber  of  other  cases  ia  which  I  have  sought  for  them;  they  may, 
therefore,  be  accidental,  but  there  is  yet  so  much  likelihood 
of  some  physical  law  of  the  kind  being  to  be  discovered,  that 
every  thing  that  may  assist  in  its  detection  is  of  importance. 

Laying  aside  altogether  the  attempt  at  deducing  the 
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•phenomena  of  combustion  from  any  change  in  the  amount 
of  latent  or  of  specific  heat  in  the  bodies  which  enter  into 
combination,  it  remains  only  to  be  admitted  as  a  general  and 
independent  principle  that  chemical  combination  is  a  source 
of  heat  and  light.  It  is,  however,  impossible  to  arrest  in- 
quiry at  that  point,  and  accordingly  the  speculations  of  philo- 
sophers have  been  directed  in  seeking  a  cause  for  the  phe- 
nomena of  combustion,  to  the  disengagement  of  electricity, 
which  accompanies  all  manifestations  of  chemical  actSon,  and 
have  endeavoured  to  identify  the  light  and  heat  emanating 
from  a  burning  body  with  that  which  is  produced  by  the  se- 
paration or  combination  of  the  electric  fluids.  The  evidence 
in  favour  of  this  view  will  be  best  described  among  the  rela- 
tions of  electricity  to  affinity* 


CHAPTER  VIII. 

OF    THE    INFLUENCE    OP     ELECTRICITY    ON    CHEMICAL 
AFFINITY. 

It  has  been  already  shown  that  in  the  production  of  Galvanic 
or  hydro-electric  currents,  there  always  occurs  between  the 
liquid  and  solid  elements  of  the  circle  a  degree  of  chemical 
action  to  which  the  quantity  of  electricity  generated  is  exactly 
proportional  in  amount,  and  that  no  current,  such  as  Was  there 
described,  can  be  generated  without  that,  by  the  chemical 
action  of  the  more  oxidizable  metal,  the  zinc,  the  liquid  be 
decomposed,  and  some  one  element  of  it  expelled,  in  place 
of  which  a  correspondmg  quantity  of  zinc  may  be  substituted. 
I  did  not  then  attempt  to  discuss  the  question  of  whether 
the  chemical  action  in  the  battery  be  the  cause  or  the  effect 
of  the  current  of  electricity  which  arises,  as  that  can  be  best 
done  when  the  action  of  the  current,  no  matter  from  what 
source  it  may  have  been  derived,  upon  chemical  substances^ 
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sinular  to  those  that  are  used  as  exciting  liquids  in  the  gal- 
vanic battery,  has  been  described. 

If  the  wires  belon^ng  to  the  plates  z  c,  of 
the  simple  circuit  in  the  figure,  be  brought 
into  communication  by  means  of  a  cup  of  wa- 
ter, the  current  passes,  and  it  is  found  that  at 
the  terminations  of  the  wires,  bubbles  of  gas 
form  in  considerable  number,  which  when 
collected,  are  found  to  be,  from  the  wire  in 
coimexion  with  the  copper  plate,  oxygen  gas,  and  hydrogen 
gas,  from  the  wire  which  is  attached  to  the  plate  of  zinc.  If 
the  conducting  liquid  had  been  muriatic  acid,  hydrogen  would 
have  been  eyolyed  as  gas  at  the  zinc  extremity,  and  chlorine 
liberated  upon  the  wire  of  the  copper  plate,  though  from  its 
solubility  in  the  liquid,  it  would  not  be  disengaged  as  gas« 

If  a  solutionof  iodide  of  potassium  had  been  employed, 
iodine  would  appear  upon  the  copper  side,  and  potassium 
should  be  set  free  upon  the  zinc-wire ;  but  by  the  action 
of  the  water,  the  metal  should  be  mstantly  converted  into 
potash,  and  hydrogen  set  free. 

It  is  not  necessary  that  such  bodies  should  be  in  solution, 
for  this  only  serves  to  give  to  their  particles  the  freedom  of 
motion,  which  may  allow  their  elements  to  sepajate.  If  chlo- 
ride of  lead  melted  in  a  cup,  be  used  to  complete  the  voltaic 
circuit,  chlorine  is  evolved  upon  the  +  and  lead  upon 
the  -*  wire  ;  with  oxide  of  lead  (litharge)  the  evolution  of 
lead  at  the  — ,  and  of  oxygen  upon  the  +  extremity  of  the 
wires,  occurs  similarly;  proto-chloride  of  tin,  iodide  of  lead, 
chloride  of  silver,  all  act  in  the  same  way. 

In  place  of  bodies  consisting  of  two  elements,  such  as 
those  above  described,  we  may  employ  in  solution,  or  in  a 
fiised  state,  secondary  compounds,  consisting  of  an  acid  and  a 
base.  If  the  current  of  electricity  pass  through  a  solutiop  of 
sulphate  of  soda,  the  sulphuric  acid  appears  upon  the  +  and 
the  alcali  upon  the  —  wire.  With  sulphate  of  magnesia,  the 
earth  passes  to  the  negative,  and  the  acid  to  the  positive 
extremity  of  the  liquid  circuit;  in  these  cases  water  is  also 
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decomposedi  of  which  the  hydrogen  accompanies  the  base» 
and  the  oxygen  the  acid ;  but,  on  using  a  salt  of  lead,  of  silver, 
or  of  copper,  the  metallic  oxide  is  reduced  by  the  action  of 
the  nascent  hydrogen,  or  at  least  it  may  be  so  expressed, 
and  the  metal  ia  deposited  in  crystals  up(m  the  —  wire, 
whilst  the  acid  and  the  oxygen  are  evolved  together,  upon 
the  extremity  of  the  positive  conductor. 

The  affinity  which  held  together  these  bodies  in  combina- 
tion, is  superseded  during  the  passage  ofthe  electric  current 
The  elements  previously  united  appear  to  repel  each  other, 
and  to  be  at  the  same  time  attracted  by  the  excited  termina* 
tions  of  the  metallic  wires,  by  which  the  battery  is  placed  in 
connexion  with  the  substance  to  be  decomposed. 

The  simplest  mode  of  accounting  for  these  phenomena,  is 
to  say  that  water  is  decomposed,  because  the  oxygen  is  at* 
tracted  more  powerfully  by  the  positive  pole  ofthe  Galvanic 
battery  than  by  the  hydrogen,  with  which  it  bad  previously 
been  associated,  whilst  this  last  is  more  powerfully  attracted 
by  the  negative  pole  than  by  the  oxygen.  The  elementary 
bodies  separate,  therefore,  from  each  other,  but  not  being  ca- 
pable of  entering  into  combination  with  the  substance  of  the 
poles,  they  are  evolved  as  gas.  This  explanation  maybe  ap- 
plied to  all  such  cases.  Oxygen,  chlorine,  iodine,  sulphur,  as 
well  as  the  various  acids,  are  attracted  by  the  positively  elec- 
tric pole,  whilst  hydrogen,  potassium,  sodium,  copper,  silver, 
lead,  and  the  various  bases  are  attracted  to  the  negative  sideof 
the  battery.  But  one  force  cannot  completely  supersede  ano- 
ther, as  electricity  here  supersedes  affinity,  unless  it  be  of  the 
same  kind,  or  at  least  closely  resembling  it  in  nature.  What 
then  is  the  relation  between  the  chemical  force  which  had 
kept  the  elements  united,  and  the  electrical  force  which  makes 
them  separate  ?  The  cause  was  easily  found :  they  are  identi- 
cal. .The  oxygen  and  hydrogen  united  originally  from  being 
in  opposite  electrical  states,  and  they  are  forced  to  sepamle, 
from  being  subjected  to  the  action  of  still  more  powerful  at- 
tractions ;  the  decomposition  of  water  by  the  voltaic  current 
becoming  thus  a  case  of  double  decomposition  in  which  the 
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originid  electricities  of  the  two  fiimple  bodies  wefe  the  qui-* 
escent,  and  the  excitation  of  the  opposite  poles  of  the  battery 
were  the  di^ellent  forces. 

Chemical  substances  were  thus  considered  to  have  affi- 
nities for  each  other,  from  being  in  opposite  electric  states, 
and  the  peculiar  play  of  affinity  of  each  body  depended  on 
which  electricity  it  was  naturally  excited  by,  when  in  cornbi** 
nation;  those  bodies  which  are  attracted  by  the  positive 
pole  of  the  battery  being  necessarily  in  the  negative  condition, 
and  vice  versa.  Thus,  all  substances  may  be  divided  into 
two  classes ;  those  being  termed  electro^negative  which  are 
evolved  at  the  copper  pole  of  a  simple,  or  at  the  sine  pole  of 
a  compound  circle,  and  those  which  appear  at  the  oppositQ 
pole  being  termed  electro-positive.  The  simple  bodies  thus 
classified  are  ranged  as  in  the  following  list :«— 


fiJectro-negalJTe. 

Eleetro-posidTe. 

Oxygen. 

Potassium. 

Mercury. 

Palladium. 

Fluorine. 

Chrome. 

j  Silver. 
1  Copper. 

Sodium. 

1  Chlorine. 
%  Bromine. 

Vanadium. 

Lithium. 

^  Iridium. 

Lead. 

Barium. 

Iodine. 

\/  Rhodium. 

Tin. 

Strontium. 

Snlphnr. 

Uranium. 

Bismuth. 

Calcium. 

Selenium. 

Osmium. 

Cobalt. 

Magnesium. 

f  Tellurium. 
1  Nitrogen. 

Platinum. 

Nickel. 

Glucinum. 

i  Titanium. 

Iron. 

Yttrium. 

Fbosphoios. 

iGold. 

1  Manganese. 
1  Cadmium. 

1  Thorium. 

i  Aluminum. 

Aisenie. 

Molybdenum. 

AatinHViy* 

Tungsten. 

Zinc. 

Zinconium. 

SHicoii. 

Columbtum. 

Hydrogen. 

Lanthanum. 

Borem 

Carbon. 

Cerium. 

The  most  powerfully  negative  bodies  are  placed  in  the 
Snt,  nd  thwe  most  powerfully  positive  in  the  fourth  column, 
theee  being  eoosaected  by  the  intermediate  columns,  in  the 
order  ouurk«d  by  the  brackets  and  arrows.  Any  substance 
ia  tihe  liaC  10  petttive  with  regard  to  any  other  towards  which 
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the  arrow  points,  and  negative  in  relation  to  any  from  which 
the  arrow  is  directed.  Thus,  hydrogen  is  negative  to  all  in  the 
fourth,  but  positive  to  all  in  the  three  preceding  columns, 
and  so  on.  These  positions  should  also  indicate  the  relative 
affinities  of  the  simple  bodies  towards  each  other,  but  in  in- 
terpreting such  arrangements,  it  must  be  recollected  that  the 
order  of  affinities  may  be  totally  changed  by  heat  or  by  co- 
hesion, and  that  the  electrical  order  may  be  completely  dif* 
ferent  according  to  the  nature  of  the  exciting  liquid,  as  in  the 
table,  p.  £10. 

Two  bodies  in  combination  are,  therefore,  like  two  pith 
balls  which  mutually  adhere,  but  of  which  the  attraction  is 
permanent  from  their  electricities  not  being  discharged. 
How  do  these  bodies  acquire  those  oppositely  excited  states? 
and  why,  if  their  condition  resembles  that  of  ordinary  elec- 
tricity, do  they  remain  combined  when  their  opposite  fluids 
might  unite,  and  neutralization  being  produced,  all  combina- 
tion cease  ? 

These  two  questions  have  not  yet  been  answered.  Several 
times  their  explanation  has  been  attempted ;  and  thus  the 
electro-chemical  theories  of  Davy,  Ampere,  and  Berzelius 
have  been  proposed.  I  shall  briefly  notice  the  leading  fea- 
tures of  these  before  proceeding  to  discuss  the  remarkable 
advance  recently  made  in  our  ideas  of  the  electro-chemical 
relations  of  bodies  by  Faraday  and  Graham. 

The  theory  of  Davy  was  based  upon  the  principle,  that 
bodies  in  their  ordinary  uncombined  condition  do  not  contain 
free  electricity,  but  that  by  contact  they  become  excited.  Thus, 
a  disk  of  sulphur  touched  to  a  disk  of  copper  becomes  nega- 
tive and  the  copper  positive ;  its  charge  increases  in  intensity 
on  applying  heat,  until,  at  a  certain  temperature,  the  tension 
of  the  electricities  becomes  so  great  that  they  suddenly  re- 
combine,  carrying  with  them  the  molecules  of  the  sulphur 
and  copper  which  thus  enter  into  union,  and  producing  the 
evolution  of  light  and  heat  by  which  the  chemical  action  is 
accompanied.  The  sulphuret  of  copper,  when  formed,  is  no 
longer  electric;  it  remains  permanent  in  virtue  of  a  force 
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which  Davy  does  not  strictly  define,  but  which  he  appears 
to  have  considered  an  intimate  cohesion  between  the  parti- 
cles which  had  been  closely  approximated  by  their  electrical 
attractions;  and  when  by  an  electric  current  the  molecules  of 
copper  and  sulphur  are  brought  into  the  reverse  state  to  that 
which  favoured  their  combination,  they  separate.   This  view 
supposes,  therefore,  the  electrical  excitation  to  be  only  mo- 
mentary, during  the  act  of  combinatioUi  and  during  the  mo- 
ment of  disunion;  before  and  after,  all  is  neutral.     To  all 
phenomena  of  decomposition  this  theory  suffices,  but  it  is 
vitally  deficient  in  die  principle  upon  which  it  is  based.     It 
has  been  since  completely  proved,  that  it  is  not  the  contact 
which  evolves  electricity,  but  the  chemical  action ;  and  also, 
on  Davy's  views,  the  electrical  disturbance  only  suffices  to 
account  for  the  secondary  phenomena  of  union,  the  light  and 
heat,  leaving  the  act  of  combination  to  be  ascribed  to  a  dif- 
ferent and  independent  force  of  affinity  or  cohesion* 
.    A  more  complete  theory  was  proposed  by  Ampere,  whose 
*  philosophical  views  in  magnetism  and  other  sciences  have  been 
found  so  singularly  in  accordance  with  experiment.    He  pro- 
posed to  consider,  that  each  substance  in  nature  is  endowed 
with  a  definite  amount  of  one  or  of  the  other  electricity,  and  is 
thus  naturally  and  invariably  electro-positive  or  electro-nega- 
tive, and  stands  higher  or  lower  in  the  list  of  bodies,  according 
to  the  intensity  of  the  charge.  Such  an  excited  body  he  con- 
sidered to  attract  round  its  mass  an  atmosphere  of  electricity 
of  the  opposite  kind,  and  corresponding  in  intensity.    Now, 
on  bringing  into  contact  an  electro-positive  and  an  electro- 
negative body,  their  atmospheres  unite,  and  produce  the 
heat  and  hght  resulting  from  their  chemical  action  on  each 
other;  but  the  bodies  themselves  must  remain  permanently 
eombined,  as  each  retiuns  its  own  excitement,  and  they  hence 
attract  without  cessation.    When  one  body  is  exactly  as 
negative  as  the  other  is  positive,  the  resulting  compound 
cannot  manifest  any  signs  of  electro-chemical  activity  ;  but 
if  the  charge  of  the  negative  body  be  more  powerful  than 
that  of  the  positive  element,  the  resulting  compound  will  be 
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negatively  excited  to  the  amount  of  the  difference  between 
the  two ;  if  the  proportions  be  reversed^  the  new  body 
formed  will  be  positive  in  the  same  degree ;  and  such  com- 
pound electro-negative  and  electro-positive  bodies,  being 
acids  and  bases,  attract  each  other,  and  unite  to  form  neutral 
salts. 

All  that  was  difficult  to  comprehend  upon  the  theory  of 
Davy  is  here  beautifully  explained.  The  light  and  heat  of 
combination  is  produced  by  the  atmospheres  of  electricity; 
the  permanence  of  combination,  by  the  invariable  excitation 
of  the  molecules.  The  gradually  diminishing  intensity  of 
charge,  according  as  the  bodies  formed  become  more  com- 
plex, necessarily  follows  ;  but  the  assumption,  that  any  one 
body  is  naturally  and  invariably  positive  or  negative,  is  con- 
tradicted by  the  history  of  almost  all  the  simple  substances. 

Thus  if  sulphur  or  arsenic  be  heated  in  oxygen  gas,  they 
bum,  and  the  combination  is  effected  with  all  the  pheno- 
mena of  intense  action,  the  resulting  compounds  being  acid 
and  electro-negative.    The  sulphur  and  arsenic  are  thus 
shown  to  have  been  feebly  positive  bodies.    But  if  sulphur 
or  arsenic   be  heated  with  potassium,  there  is  similarly 
combustion,  shewing  that  chemical  combination  has  taken 
place,  and  as  potassium  is  the  most  positive  body  in  the 
series,  the  sulphur  and  arsenic  must  be  the  negative  elements 
of  the  compounds.    Sulphur  and  arsenic  are  therefore  at 
one  time  positive  and  at  another  negative.  There  is  indeed 
no  substance  known  which  can  be  said  to  be  invariably  ne- 
gative or  positive.    Nor  can  the  amount  of  negative  or  posi- 
tive excitement  be  in  any  case  looked  upon  as  constant,  for 
oxygen  is  often  found  to  be  less  negative  than  chlorine,  and 
potassium  to  be  less  positive  than  iron,  or  than  carbon; 
and  hence,  if  electrical  forces  be  considered  as  representing 
affinitary  power,  they  must  be  capable  of  the  same  fluctua- 
tions in  intensity. 

It  was  for  the  purpose  of  bringing  Ampere's  theory  into 
harmony  with  the  changes  x)f  chemical  decomposition,  that 
Berzelius  proposed  the  modification  of  it,  which  now  remains 


BY  DAVY,  AMPERE  AND  BERZELIUS.  307 

to  be  described.  He  suggested,  that  each  body  should  be 
looked  upon  as  containing  the  two  electricities,  but  that  the 
one  might  be  more  powerfully  developed  than  the  other,  as 
in  a  magnet  one  pole  may  be  stronger  than  the  other ;  also, 
from  the  analogy  of  certain  bodies,  which  were  supposed  to 
admit  the  passage  of  one  electricity  rather  than  the  other,  he 
imagined  that  a  body  thus  excited  with  the  two  fluids  might 
discharge  the  one,  and  yet  retain  the  other.  Thus,  oxygen 
possesses  high  negatiye  and  feeble  positive  excitation ;  hy- 
drogen, an  intense  positive,  but  a  feeble  negative  charge. 
When  these  bodies  combine,  the  phenomena  of  combustion 
fellow  from  the  union  of  the  positive  fluid  of  the  oxygen  with 
the  negative  of  the  hydrogen,  and  the  more  intense  and  more 
permanent  charges  retain  the  bodies  in  combination.  To 
account  in  this  way  for  certain  bodies  being  at  one  time 
electro-negative,  and  at  another  electro-positive,  Berze- 
lius  considers,  that  when  potassium  is  brought  into  con- 
tact with  sulphur,  the  naturally  feeble  negativity  of  the  latter 
is  heightened  by  induction ;  whilst,  if  the  sulphur  be  acted 
on  by  oxygen,  it  is  its  positive  charge  that  is  increased :  and 
thus  any  substance,  near  the  middle  of  the  electro-chemical 
series,  may  become  positive  or  negative,  according  as  it  com- 
bines with  a  body  situated  nearer  to  the  negative  or  positive 
extremity. 

This  view  might  explain  most  chemical  phenomena ;  but 
it  is,  like  Davy's  theory,  founded  on  physical  principles  which 
cannot  be  considered  sound.  Thus,  although  the  effect  of 
one  pole  of  a  magnet  may  be  weaker  than  another,  that  only 
happens  where  the  action  is  complicated  by  the  existence  of 
more  poles  than  two;  and  in  all  cases,  the  amount  of  north 
and  south  magnetism  present  is  exactly  equal.  Also,  the  fact 
of  the  existence  of  bodies,  ^hich  conduct  the  one  better  than 
the  other  electricity,  is  now  abandoned  by  all  sound  reasoners, 
and  cannot  be  looked  upon  as  even  in  any  degree  probable 
in  theory.  Indeed,  all  views  like  those  of  Berzelius  and 
Ampere,  which  are  founded  on  the  existence  of  different 
degrees  of  electrical  excitement,  which  represent  the  differ- 
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ent  powers  of  affinity  by  which  chemical  substances  combine, 
must  be  now  abandoned ;  for  it  has  been  proved  by  Faraday, 
that  a  molecule  of  oxygen,  in  uniting  with  hydrogen  to  form 
water,  or  with  zinc  to  form  its  oxide,  a  molecule  of  iodine  or 
chlorine,  uniting  with  lead,  with  tin,  with  silver,  or  with  po- 
tassium, bodies  so  far  separated  in  the  electro-chemical  scale 
founded  on  their  reactions,  evolve  in  uniting  the  same  quan- 
tity of  electricity,  and  require  for  their  separation,  when  com- 
bined, the  same  amount  of  current  derived  from  another 
source. 

Before  more  definite  and  correct  ideas  of  the  electrical 
relations  of  chemical  substances  can  be  obtained,  it  is  neces- 
sary to  study  somewhat  more  in  detail  the  chemical  pheno- 
mena which  occur  in  the  Galvanic  battery,  which  for  sim- 
plicity shall  be  considered  as  a  simple  circle ;  and  in  the 
liquid  through  which  the  circuit  is  completed ;  the  former  is 
generally  termed  the  generating,  and  the  latter  the  decom- 
posing cell. 

The  decompositions  hitherto  described,  have  been  consi- 
dered as  resulting  from  the  attractive  and  repulsive  forces  of 
the  extremities  of  the  wires,  on  which  the  charge  of  the  bat- 
tery was  supposed  to  be  collected.  But,  when  the  circuit  is 
completed,  no  such  accumulation  can  exist ;  once  the  current 
passes,  it  is  every  where  present  in  equal  quantity  and  of 
uniform  tension ;  and  such  forces  of  attraction  and  repulsion, 
acting  upon  molecules  already  electrically  excited,  were  only 
imagined  for  the  foundation  of  the  imperfect  theories  already 
noticed,  and,  when  impartially  examined,  are  found  to  have 
no  real  existence.  It  is  also  fatal  to  the  idea  of  attracdve 
forces  exercised  by  the  poles,  that  the  substances  evolved 
upon  their  surface  do  not  necessarily  combine  with  them ; 
thus,  if  one  platina  pole  have  such  attraction  for  oxygen  as 
to  separate  from  the  hydrogen  it  had  been  united  with,  it  is 
unreasonable  that  it  should  lose,  suddenly  and  completely, 
this  power,  and  allow  the  oxygen  totally  to  escape ;  the 
other  platina  pole  behaving  similarly  to  the  hydrogen. 

Faraday  has  definitely  shown,  that  the  disengagement  of 
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the  aubstances,  which  are  separated  from  each  other  by  the 
current,  takes  place  in  all  cases  at  the  bounding  surfaces  of 
the  body  decomposed ;  and  that  where  they  are  evolved  on 
the  metallic  conducting  wires,  it  is  only  because  those  are  the 
limits  of  the  decomposing  fluid.  The  proofs  of  this  principle 
are  numerous  and  simple :  thus,  in  a  glass  basin,  a  partition 
of  mica  a,  is  cemented  so  as  to  be  com- 
pletely water  tight,  and  extending  halfway 
to  the  bottom ;  a  strong  solution  of  sulphate 
of  magnesia  is  poured  in  until  it  rises  a  little 
above  the  edge  of  the  partition;  and  then 
distilled  water  poured  in  on  the  side  c,  d,  with 
such  precaution  that  it  shall  not  mix  with 
the  saline  solution,  but  shall  float  on  it,  the 
surface  separating  the  two  liquids  remaining 
perfect  at  c.  The  solution  of  sulphate  of  magnesia  is  now  to 
be  connected  with  the  negative  pole  of  a  battery  by  means  of 
the  platiua  plate  £,  and  the  water  with  the  other  pole  of  the 
battery  by  the  plate  c,  which  dips  slightly  inclined  below  the 
surface.  When  the  circuit  is  completed,  the  sulphate  of 
magnesia  and  the  water  are  simultaneously  decomposed,  the 
oxygen  appears  upon  the  plate  b,  the  hydrogen  gas  upon  the 
plate  e;  but,  although  the  sulphuric  acid  is  liberated  freely 
upon  the  plate  6,  no  magnesia  travels  further  than  the  limit- 
ing surface  of  the  saline  liquor  c.  Here  the  metal  e  serves  as 
a  pole  to  the  hydrogen,  but  not  to  the  magnesia ;  and  the 
water  on  which  the  magnesia  has  evolved  has  no  power  to 
prevent  the  further  passage  of  the  hydrogen. 

If  A,  c^  B,  be  filled  with  solution  of  sulphate  of  soda,  and 

■>,^^  ^^  that  by  means  of  the  plates  p  and  n, 

a    current  from    a  battery  be  passed 

through  it,  the  acid  will  collect  upon  the 

one  and  the  alkali  upon  the  other  plate : 

but,  if  by  means  of  pieces  of  bladder 

o  and  6,  the  vessel  be  divided  into  three  compartments  a,  c, 

and  B,  and  that  the  central  one  being  filled  with  a  solution 

ot  sulphate  of  soda,  dilute  nitric  acid  is  poured  into  those  at 
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the  side ;  in  order  to  afford  a  conducting  medium,  no  acid  or 
alkali  appears  at  the  metallic  poles  when  the  current  passes, 
but  are  evolved  upon  the  inner  surfaces  of  the  partitions  a 
and  &:  it  is  only  when,  by  mechanical  filtration,  some  of  the 
liquor  of  c  passes  into  a  and  b,  that  the  slightest  trace  of  sul- 
phuric acid  or  of  soda  can  be  found  upon  the  metallic  plates. 

By  the  electricity  of  the  machine  the  same  principle  can 
be  demonstrated;  if  a  slip  of  paper  moistened  with  solution 
of  iodide  of  potassium,  be  held  near  the  insulated  prime  con- 
ductor of  the  electrical  machine,  whilst  in  action,  and  that 
the  rubber  be  connected  with  the  ground,  so  as  to  ensure 
a  continuous  discharge  of  positive  electricity  into  the  air, 
iodine  will  be  evolved  in  quantity  upon  the  point  of  the 
paper  nearest  the  prime  conductor,  whilst  hydrogen  and 
potash  may  be  traced  as  far  as  any  liquid  conductor,  admit- 
ting of  their  passage,  goes.  Here  there  is  nothing  that  can 
be  termed  a  pole,  the  iodine  is  discharged  upon  the  limiting 
surface,  which  is  here  that  of  the  atmospheric  air. 

Hence  the  idea  of  poles  which  produce  attractions  and 
repulsions  in  a  closed  circuit  must  be  abandoned,  and  some 
other  way  of  explaining  the  decomposition  of  the  Uquid  ele- 
ments of  the  circuit  must  be  obtained.  The  word  poles  must 
first  be  laid  aside,  and  the  expressions  proposed  by  Faraday 
in  their  place,  deserve  universal  adoption.  The  surfaces, 
whether  of  metal,  of  water,  of  acid,  or  of  air,  by  which  the 
Current  passes  from  one  kind  of  conductor  to  another,  he 
terms  electrodes  (tiXaierpov,  oSoc)y  they  being  the  routes 
through  which  the  electricity  makes  its  way.  I  shall,  there- 
fore, in  future  speak  of  the  positive  and  negative  electrodes, 
in  relation  to  the  surfaces,  generally  of  metal,  by  which  the 
battery  is  brought  to  act  upon  the  substance  which  is  to  be 
decomposed. 

Since  there  are  thus  no  attractive  forces  by  which  the 
chemical  affinities  of  the  substances  in  the  decomposing  cell  ^ 
can  be  overcome,  to  what  mechanism  can  we  attribute  the 
separation  of  elements  which  occurs  ?  Concerning  this  as  yet 
there  is  only  speculation  to  be  presented.    The  decomposi- 
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tion  is  certainly  propagated  from  particle  to  particle,  that  is 
to  say,  at  the  moment  that  the  molecule  of  water  loses 
oxygen,  at  the  positive  electrode,  a  different  molecule  gives 
off  its  hydrogen  upon  the  negative  electrode ;  neither  the 
hydrogen  of  the  former  nor  the  oxygen  of  the  latter  becomd 
free,  but  the  decomposition  is  transferred  from  one  particle 
to  another  along  the  line,  all  particles  of  oxygen  advancing 
a  step  against  the  current,  and  the  molecules  of  hydrogen 
moving  in  a  corresponding  manner  in  the  direction  of  it. 
Thus,  if  a  line  of  particles  of  water  in  a  decomposing  cell,  he 
represented  before  the  current  passes,  the  electrodes  being 
represented  by  the  plus  and  minus 
4-  OH .  OH .  OH  —  ^*8°^>  ^^  ^^^  current  passing,  amolecule 
^    y  of  oxygen  will  be  evolved  upon  the 

H  •  ^  •  ^  •  O  +  P^®^^^®>  *°^  ^^^  ^f  hydrogen  upon  the 

"  negative  side,  as  in  the  second  line, 

QTj  OH  —      *°^  **  ^^^  motion  is  participated  in  by 
_  every  molecule  of  oxygen  and  hydrogen 

O  .  ^  "*  *^®  circuit,  they  will  come  into  the 

""         H         ■**     final  position  of  the  third  line.     The 
•— *•  current  still  passing,  another  molecule 

"*"         "^  of  each  will  be  evolved  as  in  the  fourth, 

and  ultimately  all  the  intervening  water  may  be  decomposed. 
The  separation  of  the  elements  being  thus  accompanied  by 
a  continual  rotation  on  each  other  of  the  intermediate  mo- 
lecoles,  each  molecule  of  oxygen  being  successively  united 
with  every  molecule  of  hydrogen  in  the  series,  and  each 
molecule  of  hydrogen  combining  in  turn  with  every  particle 
of  oxygen  as  it  passes  along.  In  Faraday^s  words  the  cur- 
rent is  an  axis  of  power,  equal,  and  exerted  in  opposite 
directions,  by  which,  in  every  case  of  a  true  binary  com- 
pound, the  molecules  of  one  element  are  carried  in  one  di«* 
recticm,  whilst  those  of  the  other  constituent  move  in  the 
reverse  course. 

From  this  idea,  the  evolution  of  the  iodine,  the  soda,  the 
magnesia  on  surfaces  of  air,  of  bladder,  or  of  water,  is  easily 
understood.     The  sulphates  of  magnesia  and  soda  are  de- 
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composed,  because  there  exists  in  the  solution  a  chain  of  par- 
ticles of  sulphuric  add  capable  of  conreying  their  bases  along, 
and  these  are  evolved  where  that  chain  of  acid  particles  is 
broken,  although  there  may  be  other  conductgrs  to  complete 
the  circuit.  The  iodine  is  evolved  where  the  ur  touches  the 
surface  of  the  paper,  because  the  air  has  no  potassium  by 
which  it  could  be  carried  further.  The  decomposition  ap- 
pears thus  to  be  effected,  not  by  annulling  chemical  affinity, 
but  with  its  assistance,  for  it  is  exactly  with  those  conducting 
bodies,  whose  elements  have  the  strongest  affinities  for  each 
other,  that  decomposition  is  most  easily  effected.  Thus, 
iodide  of  potassium  is  decomposed  much  more  easily  than 
iodide  of  lead,  yet  the  affinity  of  potassium  for  iodine  is  cer- 
tainly greater  than  that  of  lead  for  the  same  element. 

It  is  in  this  manner  that  arise  the  remarkable  phenomena 
of  transfer  observed  first  by  Humphrey  Davy. 
iiy — ^f^^—^^^k^    Xn       If  A  solution  of  sulphate  of 

soda  be  placed  in  the  glass  a, 
dilute  sulphuric  acid  in  the  glass 
£,  and  water  in  the  glass  c,  and 
that  they  be  connected  together  with  slips  of  amianthus, 
moistened  to  allow  the  passage  of  the  current,  and  that  the 
positive  electrode  of  a  battery  be  immersed  in  a,  and  the 
negative  in  c,  the  sulphate  of  soda  will  be  decomposed,  and 
its  alcali  will  appear  in  c,  although  the  acid  in  b,  through 
which  it  must  have  passed,  retains  all  its  power.  Here  then 
was  the  affinity  of  the  acid  in  b  for  soda  completely  annulled 
by  the  superior  attraction  of  the  negatively  electric  pole  in 
c,  and  this  was  considered  to  be  further  proved  by  the  acid 
preventing  the  passage  of  bary tes,  for  which  its  affinity  was 
so  much  stronger;  when  a  contained  nitrate  of  barytes,  the 
earth,  on  entering  into  b,  combined  with  the  sulphuric  acid, 
and  went  no  further.  But  in  these  experiments,  considered 
at  the  time  so  decidedly  in  favour  of  Davy*s  theory,  that  which 
was  believed  to  be  the  obstacle  to  the  passage  of  the  soda,  is 
in  reality  the  cause  of  it.  Had  there  been  no  acid  in  6,  no 
alcali  could  have  passed  across  it,  and  the  barytes  remained 
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combined  only,  because  becoming  insoluble,  it  no  longer 
formed  any  portion  of  the  liquid  conducting  medium. 

It  has  been,  indeed,  found,  that  although  a  feeble  cur- 
rent may  be  transmitted  through  liquid  conductors,  without 
any  sign  of  decomposition,  that  yet,  in  general,  the  passage 
of  a  more  powerful  current  can  only  be  accomplished  by 
means  of  bodies  which  are  at  the  same  time  decomposed  by 
its  influence.  Faraday  proposes  to  term  the  decomposition 
by  the  current  electrolysis  [ifXcicrpov.  Xvca}  and  such  bodies  as 
undergo  electrolysis  electrolytes.  It  is,  therefore,  only  electro- 
lytes that  are  capable  of  conducting,  and  they  do  so  by  the 
opposite  directions  in  which  the  chains  of  liberated  particles 
move.  That  electrolysis  may  occur,  it  is  necessary  that  the 
substance  be  in  the  liquid  state,  and  hence  all  conducting 
power  is  lost  when  the  body  becomes  solid ;  ice  is  a  non- 
conductor, and  it  is  only  by  being  melted  that  the  chlorides 
and  iodides  of  lead  and  silver,  and  such  bodies,  become  capa- 
ble of  conduction,  and  of  being  hence  decomposed.  But  there 
are  many  bodies  which  insulate  when  cold,  and  yet  when 
heated,  allow  the  current  to  pass  even  before  they  fuse,  its 
passage  being  unattended  by  any  electrolysis,  even  though 
tbe  current  be  very  powerful.  Sulphuret  of  silver,  iodide 
and  chloride  of  mercury,  and  fluoride  of  lead  are  remarkable 
examples  of  this  anomaly. 

Faraday,  considering  that  the  words  electro-positive,  and 
electro-negative,  involve  too  much  those  ideas  of  attractive 
and  repulsive  forces  emanating  from  the  poles,  which  have 
been  proved  to  be  incorrect,  proposed  some  changes  of  no- 
menclature, which  if  not  adopted,  deserve  to  be  at  least 
described.  If  we  consider  a  voltaic  battery  lying  on  the 
ground,  with  the  positive  end  to  the  east,  and  the  wire  con- 
necting the  ends  bent  into  an  arch,  similar  to  that  which 
the  sun  describes  in  his  daily  rotation,  the  current  will  flow 
up  from  tbe  point  of  the  sun's  rising,  and  pass  down  into  the 
battery  opposite  the  point  at  which  he  sets.  If  the  wire  be 
now  interrupted  by  a  decomposing  cell,  the  surface  at  which 
the  current  enters  the  liquid  may  be  termed  the  anode  (ava 
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upwards)  and  the  other  the  ccUhodeiKara^  downwards);  oxygen 
chlorine,  and  such  bodies,  are  evolved  upon  the  surface  of 
the  anode,  whilst  from  the  cathode  hydrogen  and  the  metals 
are  liberated.  The  elements  which,  by  their  combination, 
form  electrolytes,  Farraday  proposes  to  term  ions  tiifu,  and 
to  distinguish  them  into  anions  which  pass  to  the  anode^  and 
cations  which  pass  to  the  cathode.  Electro-negative  bodies 
are,  therefore,  anions^  and  electro-positive  substances  are 
cations  in  Faraday's  nomenclature.  These  names  are  shorter, 
and  involve  less  theory  than  the  older  terms,  and  hence  de- 
serve adoption. 

The  most  important  principle  that  has  been  as  yet  dis- 
covered, connecting  the  agencies  of  electricity  and  affinity,  is 
the  law  of  definite  electro-chemical  decomposition.  If  the 
same  current  of  electricity  pass  through  a  series  of  electro- 
lytes, it  will  decompose  a  quantity  of  each,  which  is  propor- 
tional to  its  chemical  equivalent.  Thus,  at  the  same  time, 
and  by  the  same  force  there  are  obtained, 

8    grains  Oxygen,  and       1     Hydrogen,  from  9  parts  of  water. 

85*4     „  Chlorine,  and      1     Hydrogen,    „     36*4      „     muriatic  add. 

35*4     ,»  Chlorine,  and  108     Silver,  »»  143*4      „     chloride  of  siWer. 

126-3      „  Iodine,  and     103*6  Lead,  „  229*9      „      iodide  of  lead. 

The  principle  of  definite  electro-chemical  action  may  be 
applied  to  measure  the  quantity  of  electricity  which  is  circu- 
lating in  the  current,  for  by  collecting  the  substances  evolved 
in  the  decomposing  cell,  we  may  obtain  a  standard  to  which 
all  other  eflfects  may  be  reduced.  In  such  case  the  decom- 
posing cell  becomes  a  voltameter ^  or  measurer  of  voltaic  elec- 
tricity. One  of  its  most  convenient  forms  consists  in  a  coni- 
cal vessel  A,  terminated  by  a 
tube  B,  in  the  neck  of  which 
are  soldered  the  platina  elec- 
trodes in  connexion  with  the 
battery,  the  vessel  and  tube  be- 
ing filled  with  water,  which  is 
rendered  easily  decomposed  by 
the  addition  of  sulphuric  acid,  the  circuit  is  completed,  a 


THB  CHEMICAL  VOLTAMETEft.  315 

quantity  of  oxygen  and  hydrogen,  proportional  to  the  amount 
of  electricity  which  passes*  is  evolved^  and  issuing  from  the 
aperture  at  c  may  he  collected  in  an  inverted  glass  and  mea- 
sured. A  variety  of  other  forms*  not  differing  in  principle* 
have  heen  proposed  and  are  in  use. 

If  the  ahsolute  identity  of  electrical  and  chemical  agency 
be  insisted  on*  then*  in  all  electrolytes*  the  elements  must  he 
held  together  by  the  same  force*  since  they  require  the  same 
amount  of  electricity  to  produce  decomposition ;  and  we 
should  return  nearly  to  the  principles  of  Berthollet*  that 
chemical  affinity  was  equally  powerful  for  all  bodies*  and 
merely  appeared  to  vary  from  external  influences ;  but  this 
would  be  a  rash  and  unphilosophical  conclusion;  those 
electrolytes  are  but  one  class  of  chemical  bodies*  those  which 
are  primary  compounds*  of  an  equivalent  of  each  element ; 
the  current  does  not  act  upon  deutoxides  or  bichlorides*  and 
on  double  salts  its  agency  is  exceedingly  complicated.  All 
that  can  be  inferred  from  this  very  beautiful  result  is*  that 
the  elements  of  bodies  combine*  in  separating  from  each 
other  under  the  influence  of  a  current*  all  with  the  same 
quantity  of  electricity*  and  that*  as  the  specific  heats  of  the 
ultimate  particles  of  bodies  have  been  already  found  to 
bear  a  simple  relation  to  each  other*  the  specific  electricities 
may  follow  an  equally*  or  still  more*  simple  law. 

Having  thus  examined  the  important  phenomena  pro- 
duced in  the  decomposing  cell*  the  current  being  considered 
as  originating  in  any  sufficient  source*  we  shall  pass  to  the 
discussion  of  what  occurs  in  the  generating  cell*  where  the  cur- 
rent»  which  passes  through  the  other*  is  evolved  by  the  mutual 
action  of  the  liquid  and  solid  elements  of  the  Voltaic  battery. 

For  the  generation  of  the  current*  it  has  been  already 
shown  to  be  necessary*  that  the  liquid  excitant  should  be 
an  electrolyte,  and  that  the  solid  elements  should  occupy 
positions  in  the  electro-chemical  scale*  as  remote  as  possible 
from  each  other  in  relation  to  the  liquid  which  is  employed. 
That  the  solid  elements  also  should  be  conductors^  by  which 


316      MOLECULAR  ARRANGEMENT  OF  THE 

the  selection  is  limited  to  the  metals  and  to  some  forms  of 
carbon.  Now  when  a  slip  of  zinc  is  immersed  in  an  electro- 
lyte,  which  we  shall*  for  simplicity,  consider  for  the  future  to 
be  muriatic  acid,  the  particles  of  the  acid  are 
brought  into  a  state  of  excitation*  the  molecules 
of  hydrogen  becoming  positively  excited,  and 
those  of  chlorine  becoming  negative.  This  con- 
dition was  already  described  (page  214)  as  being 
that  of  the  acid  particles ;  but  it  is  now  necessary  to  indicate 
more  nearly  the  immediate  manner  in  which  it  is  produced. 
The  mass  of  zinc  itself*  which  we  before  considered  as  having* 
like  a  magnet*  its  positive  excitation  referrible  to  one*  and 
its  negative  to  the  other  extremity*  must  also*  like  the  mag- 
net* be  looked  upon  as  consisting  of  a  great  number  of  ex- 
cited elements*  each  of  which  has  its  positive  and  negative 
extremities  ;  or*  for  greater  definiteness*  they  may  be  consi- 
dered as  grouped  in  pairs*  of  which  one  molecule  is  positively 
and  the  other  negatively  excited*  The  condition  of  the  slip 
of  zinc  of  last  figure  may*  therefore*  be  represented  as  in  the 
figure  at  the  side;  the  particles  of  zinc' being  contained  in 
A  the  shaded  bar*  and  those  of 

EEEI3000®  *®  liquid*  consisting  of  chlo- 
Zn  Zn  Zn  Zn  CI  H  CI  H  rinc  and  hydrogen*  represented 
outside  of  it.  The  terminal  particle  of  zinc  becommg  posi- 
tive* and  the  nearest  particle  of  chlorine  becoming  negative* 
there  would  result  immediate  union  if  no  other  action  inter- 
fered* but  the  chlorine  is  held  back  by  the  positive  molecule 
of  hydrogen  with  which  it  is  united*  and  so  the  action  con- 
tinues balanced*  no  matter  how  far  the  series  may  extend  on 
either  side.  If  now  the  plate  of  copper  be  introduced  so  as 
to  complete  the  circuit*  and  to  allow  the  passage  of  the  Gal- 
vanic current*  it  is  easy  to  see  how  the  decomposition  of  the 
exciting  fluid  follows.  For*  although  in  the  arrangement 
above  described  the  inductive  excitement  is  most  active  at  a* 
and  diminishes  from  thence  as  it  extends  along  the  zinc  upon 
the  one  hand*  and  through  the  fluid  upon  the  other*  yet* 
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when,  as  in  the  figure,  the  circuit  is  com- 
pleted, the  action  becomes  equally  powerful 
all  through ;  the  particles  of  copper  assume 
a  condition  similar  to  those  of  the  zinc,  but 
in  the  reverse  order,  the  molecule  next  the 
acid  being  negative,  and  that  becoming  posi- 
tive which  is  in  contact  with  the  zinc,  and 
hence  a  complete  chain  of  inductively  polar- 
ized particles  being  established,  precisely  such  as  are  repre- 
sented by  cuttings  of  silk  thread  which  convey  a  current  from 
an  electric  machine  through  oil  of  turp€;ptine ;  the  molecular 

arrangement  being  represented  in 
the  adjoining  figure.   Such  being 
the  position  of  the  mutually  ex- 
^"  ^-V  ▼TV"      cited  molecules,  the  electricities 

of  the  particles  of  zinc  and  chlo- 
_  rine  nearest  to  each  other  com- 

^*^*^  bine,  and  their  neutralization  is 

followed  by  that  of  the  entire  chain ;  the  adjacent  particles 
of  zinc  and  chlorine  then  unite,  and  the  hydrogen,  disen- 
gaged, is  thrown  upon  the  second 
particle  of  chlorine,  its  hydrogen 
Zinc  #^^      VIA  topper  upon  the  third  chlorine  molecule, 
by  which  the  hydrogen,  it  had 
vt^/:^^^       previously  been  united  with,  being 
thrown  ofi*,  is  emitted  under  the 
Aad.  form  of  gas. 

The  three  distinct  stages  in  this  reaction  are,  therefore, 
1st,  The  mutual  excitation  by  inductive  polarization  of  the 
zinc  and  muriatic  acid.  This  is  the  fundamental  fact  due  to 
the  chemical  relations  of  these  bodies.  Snd,  The  completioa 
of  the  chain  of  inductively  polarized  particles  by  the  inter- 
Tention  of  the  copper  plate  and  connecting  wire.  3rd,  The 
passage  of  the  current  and  the  consequent  decomposition  of 
the  liquid  electrolyte  in  the  cell,  the  chlorine  being  evolved 
upon  the  zinc  with  which  it  enters  into  combination,  and  the 
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hydrogen  being  eliminated  upon  the  surface  of  the  copper 
plate. 

The  source  of  the  current  isi  therefore^  not  to  be  found  in 
the  decomposition  of  the  acid,  for  it  precedes  it ;  but  the 
quantity  of  chemical  action  in  the  generating  cell  is  propor- 
tional to  the  quantity  of  electricity  which  passes,  for  it  is 
produced  entirely  by  its  agency.  There  is,  therefore,  no 
difference  in  reality  between  the  generating  and  the  decom- 
posing cell ;  the  action  in  each  is  equally  produced  by  the 
passage  of  the  electric  current ;  but  in  the  generating  cell 
one  element  at  least,  the  chlorine,  is  absorbed  by  the  elec- 
trode (the  zinc)  on  which  it  is  evolved,  and  the  amount  of 
obstacle  presented  to  the  passage  of  the  current  is  propor- 
tionally less. 

Such  is  the  theory  of  Galvanism,  which  I  believe  to  be 
most  consistent  with  all  the  results  hitherto  obtained.  The 
current  cannot  have  its  origin  in  the  contact  of  solid  bodies, 
for  it  remains  the  same,  no  matter  how  much  the  circum- 
stances of  contact  may  be  changed ;  and  by  every  alteration 
of  the  conditions  of  chemical  action,  it  varies  in  direction  and 
in  power,  although  the  relations  of  the  solid  bodies  which  are 
in  contact  are  not  affected.  Neither  does  the  current  arise 
from  the  transfer  of  elements  which  occurs  in  the  generating 
cell,  for  on  the  contrary,  the  transfer  of  elements  results 
from  the  passage  of  the  current,  indicating  its  direction  and 
measuring  its  amount ;  but  the  current  arises  from  the  conti- 
nuous restoration  through  the  copper,  or  positive  element,  of 
the  excitation  produced  by  the  tendency  of  the  zinc  to  com- 
bine with  the  chlorine  of  the  muriatic  acid.  In  fact,  although 
I  have  hitherto  considered  the  zinc  as  only  influencing  the 
acid  by  means  of  a  disposition  to  unite  with  one  of  its  con- 
stituents, yet,  such  expressions  being  rather  abstract  and 
indefinite,  may  in  the  present  case  be  laid  aside.  The  zinc 
does,  on  immersion,  decompose  a  certain  quantity  of  acid,  of 
which  the  hydrogen  is  evolved  in  the  form  of  gas,  constituting 
upon  the  surface  of  the  zinc  an  exceedingly  thin  layer.  The 
chlorine  is  then  in  a  state  of  combination,  which  is  not  with- 
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out  analogy  in  other  cases,  that  is,  in  presence  of  two  sub- 
stances for  which  its  affinity  is  equally  intense,  it  is  disposed 
to  unite  with  either  according  as  external  forces  intervene, 
and  is  determined  to  the  zinc  by  the  establishment  of  the 
current. 

The  proofs  that  hydrogen  must  be  thus  nascently  Hbe- 
rated  upon  the  surface  of  the  zinc,  are  to  be  found  in  a  phe- 
nomenon already  noticed  under  the  head  of  affinify ;  the 
precipitation  of  one  metal  from  its  salts,  by  means  of  another, 
baying  a  greater  affinity  for  oxygen  than  it  If  we  immerse 
in  a  solution  of  sulphate  of  copper,  a  sUp  of  pure  zinc,  there 
is  instantly  a  deposition  of  copper,  which  we  must  ascribe  to 
the  superior  affinity  of  zinc  for  oxygen  and  sulphuric  acid ; 
but  when  the  zinc  has  become  thus  sheathed  in  metalUc 
copper,  the  decomposition  should  cease,  by  the  access  of  the 
acid  being  prerented,  were  it  not  that  the  copper  deposited 
acts  as  the  copper  element  of  a  Galvanic  circuit,  and  the 
subsequent  decomposition  proceeds,  each  new  portion  of 
copper  being  deposited  on  the  outside,  farthest  from  the  zinc, 
the  action  of  which  becomes  thus  at  every  moment  more 
intense.  If  hydrogen  had  a  physical  constitution,  such  as 
would  enable  it  to  act  as  the  positive  element  of  a  simple 
Galvanic  circle,  then,  no  doubt,  the  purest  zinc  would  decom- 
pose the  muriatic  acid,  the  circuit  being  completed  by  the 
hydrogen  evolved,  but  such  is  not  the  case  owing  to  its  gas- 
eous form ;  but  it  being  that  alone  which  is  the  obstacle,  the 
previous  step,  which  depends  simply  on  the  chemical  affinity 
of  hydrogen  and  chlorine,  may  reasonably  be  considered  to 
have  occurred. 

The  action  of  electricity  in  separating  the  elements  of 
bodies  is  scarcely  of  greater  interest  or  importance  from  the 
ideas  it  suggests  of  the  nature  of  chemical  affinity,  that  it 
becomes  as  a  means  of  presenting  to  each  other,  under  the 
most  favourable  circumstances  for  union,  the  different  ele- 
ments of  the  Voltaic  circuit,  and  thus  causing  the  formation 
of  bodies  for  whose  construction  the  ordinary  processes  of 
ihe  laboratory  are  much  too  violent  and  abrupt.  In  this  way 
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some  of  the  most  remarkable  •ubstances  of  the  mineral  king- 
dom may  be  artiBcially  produced,  the  secretion  of  the  metal- 
liferous  ores  into  the  veins  and  cavities  of  rocks  accurately 
represented,  and  bodies,  whose  affinities  for  each  other  rank 
as  the  most  intense,  completely,  though  silently  and  gradu- 
ally, separated  from  each  other.  It  is  to  Becquerel  that  we 
owe  almost  all  our  knowledge  of  this  important  function  of 
electricity ;  from  him  we  have  also  received  the  important 
lesson,  that  it  is  not  in  the  brilliant  effects  of  the  great  batte* 
ries  of  Davy  or  of  Daniel  that  we  must  seek  a  clue  to  the 
history  of  the  electrical  processes  of  chemical  affinity,  but  in 
the  slow  but  unintermitting  action  of  currents  of  such  low 
intensity  that  a  drop  of  pure  water  would  be  an  insuperable 
obstacle  in  their  path.  The  electricity  to  be  employed  in 
the  artificial  formation  of  compound  bodies  must  be  such  as 
is  generated  by  a  single  pair,  and  these  generally  of  metals 
whose  similarity  prevents  that  current  from  being  of  great 
amount. 

These  phenomena,  into  the  examination  of  which  lean- 
not  enter  with  much  detail,  are  best  observed  by  means  of  a 
tube  bent  into  a  U  shape,  and  at  the  bottom 
of  which  is  interposed  a  porous  partition  of 
clay  or  plaster  of  Paris ;  the  liquids>  whose 
mutual  reaction  is  to  generate  the  new  sub- 
stance, are  placed  in  the  legs  of  the  tube,  one 
at  each  side  of  the  partition,  through  the 
pores  of  which  they  gradually  mix  with  each 
other.  The  Voltaic  current  is  then  supplied  either  by  con- 
necting the  liquids  with  the  poles  of  a  feeble  battery,  or  by 
immersing  in  one  leg  a  zinc,  and  in  the  other  a  copper  or 
platina  plate,  connected  by  a  wire  with  each  other.  If  a 
solution  of  carbonate  of  soda  and  of  sulphate  of  copper  be 
thus  brought  to  act  on  one  another,  a  double  carbonate  of 
copper  and  soda  crystallizes  on  the  plate  immersed  in  the 
copper  liquor ;  and  if  then  the  solution  of  soda  be  replaced 
by  ordinary  water,  a  new  current  is  generated  which  decom- 
poses the  first  product,  and  forms  a  new  crystallization  of 
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carbonate  of  copper.  If  the  zinc  leg  be  fifled  with  a  solution 
of  oxide  of  zinc  in  potash  water,  and  a  solution  of  nitrate  of 
copper  be  placed  on  the  copper  side,  a  crystallization  of  oxide 
of  zinc  is  produced  upon  the  zinc  plate,  and  a  deposition  of 
crystallized  copper  upon  the  metallic  surface  in  the  other  tube. 
By  using  two  liquids  which  have  unequal  chemical  actions 
on  a  strip  of  metal,  this  may  be  made  to  precipitate  itselfy 
being  reduced  at  one  extremity  according  as  it  is 
dissolved  at  the  other.  Thus,  if  the  glass,  a,  be 
filled  with  solution  of  nitrate  of  copper  to  a,  and 
then  water,  rendered  slightly  acid  by  nitric  acid, 
be  gently  added,  up  to  the  level  of  b  ;  a  slip  of 
copper,  introduced  so  as  to  present  equal  surfaces 
to  the  two  Hquids,  generates  a  current  which 
passes  up  through  its  mass,  and  down  from  the 
lighten  to  the  denser  fluid ;  the  copper  dissolves,  therefore, 
above,  and  the  salt  formed  being  electrolyzed  by  the  current, 
its  metal  is  deposited  on  the  lowest  surface  under  the  form 
of  crystals,  and  this  is  continued  until  the  free  acid,  and 
hence  the  electromotive  force  in  the  liquid,  becomes  equal, 
when,  of  course,  no  current  passes. 

Doctor  Bird,  who  has  extended  considerably  the  results 
obtained  by  Becquerel,  has  constructed  an  apparatus  for 
such  reactions,  with  which  he  has  obtained,  in  an  isolated 
form,  those  simple  bodies,  as  boron,  silicon,  potassium,  &c. 
wb€>8e  compoandn  resist  ordinary  means  most  obstinately. 

It  consists  of  a  generating 
and  of  a  decomposing  celL 
This  last  is  a  glass  cylinder 
a,  within  another  glass  cy- 
linder b»  The  inner  one  a 
is  four  inches  long,  and  an 
inch  and  a  half  in  diameter, 
and  is  closed  at  the  lower 
end  by  a  plug  of  plaster 
of  Paris,  0-7-inch  in  thickness.    This  cylinder  is  supported 
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within  the  other  ft,  which  is  an  ordinary  jar,  about  eight 
inches  deep  and  two  inches  diameter^  by  means  of  wedges  of 
cork.  A  piece  of  sheet  copper  c,  four  inches  long  and  three 
inches  wide,  having  a  copper  conducting  wire  soldered  to 
it,  is  loosely  coiled  up  and  placed  in  the  inner  cylinder, 
whibt  a  piece  of  sheet  zinc,  of  equal  size,  is  also  coiled 
up,  and  laid  on  the  bottom  of  the  outer  cylinder,  it  being 
also  famished  with  a  conducting  wire-  The  outer  cylin- 
der is  then  to  be  nearly  filled  with  a  weak  brine,  and  the 
smaller  with  a  saturated  solution  of  sulphate  of  copper :  the 
two  fluids  being  prevented  from  mixing  by  the  plaster  of 
Paris  diaphragm.  After  it  has  been  in  action  for  some  weeks, 
chloride  of  zinc  is  found  in  the  external  cylinder,  and  beau- 
tiful crystals  of  metallic  copper,  frequently  mixed  with  the 
ruby  protoxide,  (closely  resembling  the  native  ruby  copper 
ore,)  and  large  crystals  of  sulphate  of  soda,  are  found  ad- 
hering to  the  copper  plate  in  the  smaller  cylinder,  especially 
on  that  part  where  it  touches  the  plaster  diaphragm.  The 
apparatus  is  completed  by  the  decomposing  cell  which  is,  in 
fact  a  counterpart  of  the  battery  itself,  consisting,  like  it,  of 
two  glass  cylinders,  one  within  the  other,  the  smaller  one 
having  a  bottom  or  floor  of  plaster  of  Paris  fixed  into  it ;  this 
amaller  tube  may  be  about  half  an  inch  wide  and  three  inches 
in  length,  and  is  intended  to  hold  the  metallic  solution  sub- 
mitted to  experiment,  the  external  tube,  ft,  into  which  it  is 
immersed  being  filled  with  a  weak  solution  of  common  salt. 
Into  the  latter  solution,  a  slip  of  amalgamated  zinc,  (for  the 
positive  electrode,)  soldered  to  the  wire  coming  from  the 
copper  plate  of  the  battery,  is  immersed ;  whilst,  for  the 
negative  electrode,  a  slip  of  platina  foil,  fixed  to  the  wire 
from  the  zinc  plate  of  the  battery,  passes  through  a  cork,  c, 
fixed  in  the  mouth  of  the  smaller  tube,  and  dips  into  the 
metallic  solution  it  contains. 

The  influence  which  electricity  thus  exercises  upon  affinity, 
and  the  modifications  in  its  results,  producible  by  its  means, 
although  proving  a  most  intimate  connexion,  do  not  go,  as  I 
believe,  so  far  as  to  demonstrate  a  complete  identity  of  cause. 
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It  is  possible  that,  hereafter,  some  sublime  generalization 
may  embrace  the  phenomena  of  heat,  of  light,  and  of  elec- 
tricity, of  cohesion,  and  gravity,  as  well  as  of  chemical  affinity 
within  one  law,  and  indicate  how,  by  varied  manifestations  of 
a  single  agent,  their  separate  peculiarities  may  arise ;  but 
though  we  may  look  forward  to  such  a  state  of  science,  we 
dare  not  rashly  seek  to  anticipate  its  approach,  and  I  look 
upon  electricity  as  producing,  and  being  produced  by  che- 
mical phenomena,  precisely  as  we  find  heat  to  influence  as 
well  as  to  be  evolved  by  chemical  combination. 

Where  electricity  is  brought  into  play  so  powerfully  by 
the  action  of  a  simple  body  upon  a  compound  fluid,  it  is,  I 
consider,  unreasonable  to  imagine,  that  in  the  combination  of 
simple  bodies,  or  of  compound  bodies,  with  each  other,  no 
electricity  should  be  set  free ;  particularly  when  it  is  proved, 
that  in  such  cases  some  electricity  does  appear,  although  in 
quantity,  bearing  no  proportion  to  that  of  the  feeblest  Gal- 
vanic battery.     If  I  were  to  suggest  an  electro-chemical 
theory,  such  as  might  agree  with  the  facts  that  have  hitherto 
been  discovered,  I  would  consider  that  bodies  in  their  free 
state,  are  perfectly  destitute  of  excitation ;  but  that  chemical 
union,  or  the  degree  of  intimate  approximation  which  pre- 
cedes union,  may  be  a  source  of  electrical  disturbance,  and  is 
that  which,  in  all  ordinary  cases,  gives  origin  to  the  electri- 
city employed  in  our  experiments.    When  united,  bodies  are 
likewise  destitute  of  electrical  properties ;  in  iodide  of  potas- 
sium^ the  bond  is  the  affinity  of  iodine  and  potassium  for  each 
other,  and  not  that  the  iodine  is  in  a  permanent  state  of 
negative  excitation  whilst  the  potassium  remains  positive. 

If  hydrogen  gas  be  burned  in  oxygen,  there  is  evolution 
of  electricity,  of  which  only  a  trace  escapes  immediate  recom- 
bination under  the  form  of  light  and  heat,  but  the  existence 
of  which^  in  a  highly  intense  form,  has  been  demonstrated 
by  PouiDet.  The  oxygen  and  the  vapour  of  water  pro- 
duced, assume  the  positive  condition ;  the  residual  hydrogen 
becomes  negative.  If  carbon  be  burned  in  oxygen,  there 
is  likewise  combustion  and  evolution  of  electricity,  of  which 
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the  poflitiye  passes  off  with  the  carbonic  acid,  and  the 
negative  rests  upon  the  carbon.    The  evolution  of  heat  may 
be  in  these  cases  an  independent  effect  of  combiuationy  but 
I  would  look  upon  it  as  being  more  probably  the  result  of 
the  union  of  the  electricities  evolved.    If  the  bodies  which 
aet*upon  each  other,  are  dissolved  in  water,  there  is  no  com- 
bustion, but  heat  is  still  evolved,  and  the  electricities  unite 
with  one  another,  without  the  necessity  for  any  intermediate 
circuit.    It  is  only  where  the  replacement  of  one  body  by 
another  occurs,  that  the  establishment  of  the  chain  of  in- 
ductively polarized  molecules  becomes  necessary ;  for  the 
particles  of  zinc  and  hydrogen,  which  become  oppositely 
united,  have  no  power  to  combine,  and  hence  cannot  be 
restored  to  neutrality  unless  by  the  medium  of  a  third  body, 
to  which  both  may  impart  their  excitations.     That  the  zinc 
and  hydrogen  upon  the  one  hand,  and  the  copper  and  hy* 
drogen  upon  the  other,  do  not  unite,  is,  I  conceive,  fatal 
to  those  views  which  assume  the  identity  of  chemical  and 
electrical,  or,  as  they  call  it,  current  or  inductive  affinity ;  for 
if  a  molecule  of  copper  in  the  acid  stood  iD  the  place  of,  and 
acted  as  a  molecule  of  chlorine,  it  should  unite  with  the  hydro- 
gen in  place  of  allowing  it  to  pass  off  free. 

The  act  of  chemical  union  being  such  as  to  produce  eleo* 
trical  excitation  and  discharge,  before  it  is  completed,  and 
the  permanent  combination  of  the  elements  being  the  result 
of  the  return  to  the  neutral  state,  it  is  easy  to  understand 
that,  when  these  conditions  are  reversed,  the  chemical  affi- 
nity should  be  superseded,  and  the  bodies  brought  into  the 
state  in  which  they  had  been  at  the  moment  of  excitation, 
and  whilst  their  elements,  oppositely  excited,  were  yet  sepa- 
rate from  each  other.  A  compound  body  is,  therefore,  as  I 
apprehend,  decomposed  by  the  battery,  from  having  this 
electrical  state  given  to  it  by  the  current,  and  the  transfer  of 
its  elements  across  the  liquid  is  accomplished  by  a  series  of 
neutralizations  and  excitations,  accompanying  the  unions 
and  decompositions  by  which  they  pass  to  the  electrodes,  on 
which  they  yield  up  their  ultimate  excitation,   and  appeac 
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isolated  and  completely  neutral.  The  quantity  of  electricity 
necessary  to  decompose  a  body  is,  therefore,  the  same  as  it 
had  evolved  when  its  elements  entered  into  union ;  and  it 
should  hence  follow,  that  the  current  of  electricity,  evolved 
in  the  union  of  chemical  equivalents  of  the  simple  bodies 
with  each  other,  should  be  the  same.  That  this  actually 
occurs,  appears  probable  from  the  analogy  of  heat ;  an  equi- 
valent of  oxygen,  in  combining  with  various  metals,  evolves 
(he  same  quantity  of  heat,  and  if  the  heat  be  a  consequence 
of  the  neutralization  of  electricity,  the  quantity  of  this 
evolved  should  be  the  same  also.  It  appears  likewise  that 
an  equivalent  of  sulphuric  add,  in  combining  with  different 
bases,  evolves  the  same  quantity  of  heat,  and  to  decompose 
the  various  salts  thus  formed,  the  same  quantity  of  electri- 
city  should  be  required;  and  hence,  that  the  two  actions,  so 
completely  equivalent  to  each  other,  may  satisfactorily  be 
referred  to  the  same  source. 

Such  is  the  interpretation  I  put  upon  the  phenomena  of 
electro-chemical  decomposition,  and  the  relations  of  elec- 
trical forces  to  affinity.    In  the  molecular  condition  of  polar 
excitation,  which  accompanies  the  passage  of  a  current,  I 
adopt  fully  the  peculiarly  explicit  mode  of  representing  the 
actions  of  the  bodies  on  each  other,  proposed  by  Graham, 
but  I  consider  it  too  hypothetical  to  assume  that  such  mole- 
cular state  naturally  exists  in  bodies ;  it  may  or  it  may  not; 
but  in  the  absence  of  evidence  that  it  does,  I  am  not  inclined 
to  presuppose  it  unnecessarily.    I  look  upon  the  current  as 
being  produced  by  the  union  of  opposite  polarities,  which 
are  themselves  not  the  cause  but  the  consequence,  of  the 
cbenucal  affinities  of  bodies.    Graham  is  not  disposed  to 
admit  that  the  union  of  simple  bodies,  may  be  accompanied 
by  any  electrical  phenomena,  and  to  exclude  abo  from  the 
application  of  an  electro-chemical  theory  the  combination  of 
acids  and  of  bases  with  each  other,  as  not  capable  of  gene- 
rating currents ;  but  the  reason  of  this  is,  as  I  imagine,  that 
the  currents  so  generated  are  necessarily  closed. 
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In  concluding  the  admirable  Treatise  on  Electricity,  with 
which  he  has  enriched  scientific  literature,  M.  Becquerel 
details  the  views  which  he  has  adopted  regarding  the  electro- 
chemical relations  of  bodies ;  and  although  they  are  not  ex- 
pressed with  the  definiteness  which  might  be  wished  from 
so  admirable  a  philosopher,  I  shall  endeavour,  in  concluding 
this  section,  to  give  a  short  description  of  them.  In  the 
main,  they  do  not  differ  much  from  the  principles  of  electro- 
chemical combination  which  I  have  long  since  adopted,  and 
which  have  been  already  noticed. 

M.  Becquerel  considers  that  in  all  bodies  there  b  distri- 
buted a  quantity  of  electricity  indefinitely  great,  which  is  so 
intimately  connected  with  their  molecular  constitution,  that 
it  is  disturbed  and  excitation  produced  in  all  cases  where 
molecular  disarrangement  is  produced,  hence  pressure,  fric- 
tion, an  unequal  distribution  of  heat,  &c.,  are  sources  of 
electricity. 

Chemical  afihiity  is  also  a  source  of  electrical  disturb- 
ance. When  an  acid  combines  with  an  alcali,  the  first  sets 
free  positive  electricity,  and  the  second  an  equal  quantity  of 
negative  electricity ;  these  two  combine  immediately  in  the 
liquor  forming  neutral  fluid,  and  produce  as  many  currents 
as  there  had  been  particles  in  action  ;  now  this  multitude  of 
little  currents  ought  to  determine  the  production  of  a  quantity 
of  heat,  depending  on  the  energy  with  which  the  affinity, 
was  manifested  and  the  conducting  power  of  the  liquid.  In 
decompositions,  the  electrical  effects  are  inverse,  that  is^ 
the  acid  takes  the  negative,  and  the  alcali  the  positive  elec- 
tricity ;  hence,  it  may  be  concluded,  as  M.  Becquerel  had 
already  stated  with  regard  to  aggregation,  that  if  electrici^ 
does  not  constitute  affinity,  it  is  at  least  indispensable  to  its 
manifestation,  since  it  b  always  subjected  to  the  same  laws 
every  time  that  simple  or  compound  atoms  unite  or  separate. 
From  all  considerations  it  appears,  that  the  electricity  pro* 
duced  by  chemical  action  is  only  an  effect  resulting  from  the 
action  of  the  affinities  brought  into  play,  and  thb  effect  be- 
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ing  brought  into  inverse  action  in  decomposition  announces 
at  the  same  time  a  molecular  electric  state,  indispensable  to 
the  permanent  union  of  the  elements  of  compound  bodies. 

To  explain  decomposition  by  a  current  of  electricity,  M« 
Becquerel  adopts  Ampere's  idea  of  electrical  atmospheres, 
although  he  denies  that  any  bodies  are  naturally  or  perma- 
nently in  a  positive  or  negative  condition ;  but  he  supposes 
that  the  neutral  condition  of  a  body  consists  in  the  molecule 
being  either  positive  and  negative,  and  being  surrounded  by 
an  atmosphere  in  an  opposite  state.  *   When  bodies  unite,  the 
union  of  their  atmospheres  produces  light  and  heat,  and  the 
molecules  remain  excited  whilst  in  union;  although  the  union 
is  the  cause  of  the  electrical  disturbance,  and  not  its  effect. 
Now,  when  zinc  is  put  in  contact  with  water,  this  last  is  de« 
composed,  and  there  is  hence  a  disturbance  of  electricity, 
the  particle  of  zinc  abandons  its  negative  atmosphere,  and 
unites  in  a  positive  condition  with  the  negative  and  nascent 
oxygen ;  the  hydrogen  is  Uberated  nascent  also,  and  highly 
positive :  in  this  state  the  oxygen  would  be  balanced  between 
the  two  equally  positive  particles  of  zinc  and  hydrogen,  and 
the  decomposition  could  not  proceed  ;  but,  if  a  slip  of  copper 
be  introduced,  this  supplies  a  negative  atmosphere  to  the 
positive  hydrogen,  which  becoming  neutral,  is  evolved  as  gas, 
and,  transferring  its  positive  electricity  to  the  point  of  contact 
with  the  zinc,  neutralizes  its  excess  of  negative  excitement, 
and  generates  the  current  M.  Becquerel  refers  the  chemical 
action  of  the  current,  in  the  decomposing  cell,  to  each  elec- 
tricity setting  the  same  electricity  of  the  compound%i  motion 
in  the  same  direction  with  which  the  particles  are  transferred 
by  a  series  of  combinations  and  decompositions,  as  has  been 
abeady  described,  until  the  limits  of  the  substance  are  at- 
tained, and  then  the  elements  are  evolved  in  the  neutral  state. 
M.  Becquerel  has  endeavoured  to  apply  the  agency  of 
electricity  to  determine  the  relative  affinities  which  bodies 
have  for  each  other.    His  principle  is  as  follows :  if  nitrate 
of  copper  and  nitrate  of  silver  be  dissolved  together  in  equal 
quantities,  and  decomposed  by  a  Galvanic  current,  the  nitrate 
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of  silver  alone  is  at  first  affected,  because  the  afiinity  of  the 
silver  for  the  oxygen  and  acid  is  so  much  less  than  that  of 
the  copper  for  the  same.  But,  when  the  quantity  of  nitrate 
of  copper  is  gradually  increased,  a  term  is  arrived  at  when 
the  electric  current  is  exactly  equally  divided  between  the 
two  metals ;  the  greater  quantity  of  copper  making  up  for  the 
greater  resistance  it  offers  to  the  decomposing  power.  His 
results  are,  that  when  the  solution  contains  twenty  parts  of 
copper  to  one  of  silver,  the  current  acts  equally  on  both;  when 
the  copper  is  25  to  1,  the  current  acts  as  if  it  divided  itself 
}  to  the  copper,  and  ^  to  the  silver ;  and  when  the  quan- 
tity of  copper  is  thirty  times  that  of  the  silver,  there  are  three 
equivalents  of  the  copper  salt  decomposed  for  one  of  the  salt 
of  silver.  M.  E.  Becquerel  has  essayed  the  same  important 
problem  in  a  different  way,  by  testing  the  power  of  solutions 
of  chlorine,  iodine,  and  bromine,  to  absorb  nascent  hydrogen 
and  nascent  oxygen,  evolved  in  their  mass  by  means  of  a 
Galvanic  current.  His  results  appear  to  show,  that  the  affi* 
nities  are  expressed  by  the  numbers ;  for 


Hydrogen. 

Oxtfgen. 

For  Chlorine    .     , 

.    .    922 

For  Chlorine    .    . 

.     169 

Bromine    •     , 

.     .    712 

Bromine    .    . 

.    380 

Iodine   .    •    . 

.    .    212 

Iodine       ,     . 

.    469 

These  two  series  are,  however,  independent  of  each 
other,  and  afibrd  no  mutual  term  of  comparison  whatsoever. 

It  is  to  be  trusted  that  such  investigations,  conducted 
with  the  ftigenuity  and  accuracy  which  the  Becquerels  can  so 
well  apply,  may  lead  to  results  of  the  highest  interest  .to  sci- 
ence. The  reduction  to  numerical  laws  of  the  influence  of 
quantity  on  affinity,  and  the  determination  in  numbers  of  the 
tendencies  of  the  simple  bodies  to  unite,  would  certainly  ad- 
vance the  condition  of  chemistry,  as  an  exact  sciences  in  a 
remarkable  degree. 


CHAPTER  IX. 

ON  THB  LAWS  OF  COMBINATION^. 

Thb  general  nature  of  affinity  and  the  modifications  which 

it  undergoes  from  the  influence  of  the  physical  agents,  having 

been  now  stated,  I  shall  proceed  to  discuss  the  numericsi 

laws  to  which  its  results  are  suhjected,  the  discovery  of 

which  was  the  first  step  in  conferring  upon  chemistry  the 

character  of  an  exact  science. 

It  is  characteristic  of  chemical  affinity,  that  the  propor- 
tions, in  which  bodies  are  brought  to  unite  by  its  agency,  are 
Kmited  upon  both  sides,  whereas  in  those  cases  where  mole- 
cular forces  alone  prevail,  the  proportions,  although  perhaps 
limited  in  one  direction,  are  indefinite  in  the  other.  Thus,  a 
saturated  solution  of  chloride  of  sodium  cannot  take  up  any 
more  salt,  but  it  may  be  mixed  with  any  quantity  of  water, 
whereas  the  chlorine  and  the  sodium,  which  constitute  the 
salt,  form  it  only  in  certain  proportions  which  are  invariable, 
100  parts  containing  always  39'66  of  sodium  and  60*34  of 
chlorine.    If  it  were  not  for  this  constancy  of  proportion,  the 
science  of  chemistry  could  never  have  advanced  beyond  its 
merest  elements ;  for  had  chlorine  and  sodium  been  capable 
of  combining  in  all  indeterminate  proportions,  or  had  the 
properties  which  we  recognize  in  chloride'of  sodium  been 
ascribable  to  compounds  of  those  elements  in  every  possible 
proportion,  no  accurate  ideas  regarding  the  constitution  or 
properties  of  bodies  could  have  been  acquired,  and  none  of 
the  benefits  derivable  from  experience  or  experiment  could 
have  been  attained.  The  first  law  of  constitution  is,  therefore, 
that  the  composition  and  properties  of  any  given  substance 
are  always  the  same. 
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When  by  the  intervention  of  superior  affinities  or  by 
double  decomposition,  a  compound  body  is  decomposed  and 
a  new  compound  formed,  the  proportions,  by  weight,  of  the 
various  substances  brought  into  action,  have  a  constant  rela- 
tion to  one  another,  and  as  they  represent  the  quantities  of 
the  bodies  which  exercise  equal,  or  at  least  equivalent  com- 
bining powers,  they  are  termed,  when  reduced  to  numbers, 
the  combining  proportions  or  equivalents  of  these  bodies. 
Thus,  if  100  parts  of  oxide  of  copper  be  heated  in  a  current 
of  hydrogen  gas,  it  is  reduced,  and  the  hydrogen,  uniting 
with  the  oxygen  which  it  contained,  forms  water.  In  the 
100  of  oxide,  there  were  79-83  of  metallic  copper  and  20*  17 
of  oxygen,  which  last  taking  Z'52  of  hydrogen  forms  22*69  of 
water.  Now,  in  this  case  the  2-52  of  hydrogen  produce  the 
same  result  of  satisfying  the  combining  power  of  the  20*17 
of  oxygen  as  the  79*83  of  copper;  and  hence  these  quantities 
of  hydrogen  and  copper  are  equivalent  to  each  other.  This 
example  may  be,  however,  brought  much  farther.  If,  in 
place  of  treating  the  oxide  of  copper  by  hydrogen  gas,  it  had 
been  acted  on  by  chloride  of  hydrogen,  the  oxygen  should 
have  been  carried  off  by  the  hydrogen,  which  would  abandon 
its  chlorine  for  that  purpose ;  but  the  chlorine  should  not  be 
set  free ;  it,  on  the  contrary,  would  unite  with  the  copper  from 
which  the  oxygen  had  been  taken,  and  the  reaction  would  be 
so  proportioned  that  the  quantity  of  copper  reduced  by  the 
hydrogen  of  the  chloride  of  hydrogen  would  be  exactly  suf- 
ficient to  unite  with  all  the  chlorine  which  was  therein  con- 
tained, and  form  with  it  chloride  of  copper.  In  this  case  the 
100  parts  of  oxide  of  copper  would  require  for  its  decompo- 
sition 91*73  of  chloride  of  hydrogen,  and  there  would  be 
formed  169*04  of  chloride  of  copper  and  22*69  of  water. 
Here,  as  before,  the  20*17  of  oxygen  uniting  with  7983  of 
copper  and  2*52  of  hydrogen,  show  their  equivalency ;  but 
we  learn  in  addition,  that  79*83  of  copper  and  2*52  of  hy- 
drogen unite  equally  with  89*21  of  chlorine,  and  hence,  that 
that  quantity  of  chlorine  corresponds,  and  is  equivalent  in 
combination,  to  20*17  of  oxygen. 
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Starting  from  this  pointy  we  may  proceed  to  a  still  more 
extended  range  of  instances.  If  we  treat  sulphuretted  hydro- 
gen gas  with  iodine^  we  find  that  it  is  totally  decomposed, 
sulphur  being  precipitated,  and  iodide  of  hydrogen  being 
formed.  Now,  taking  the  quantity  of  the  sulphuret  of  hy- 
drogen, containing  the  weight  obtained  in  the  former  exam- 
ple, 2*52  of  hydrogen,  we  find  it  to  be,  43*09,  and  hence  to 
<:ontain  40*57  of  sulphur,  which  separates  by  the  action  of  the 
iodine,  of  which  318*28  parts,  uniting  with  the  2'52  of  hydro- 
gen,  form  320*79  of  iodide  of  hydrogen.  If  this  iodide  of 
hydrogen  be  next  treated  with  chlorine,  it  abandons  its  iodine, 
and  forms  91*73  of  chloride  of  hydrogen. 

Setting  out,  therefore,  from  100  parts  of  oxide  of  copper, 
and  tracing  its  elements  through  a  variety  of  decompositions, 
in  all  of  which,  the  quantities  engaged  effect  the  same  pur- 
pose of  satisfying  the  tendency  to  combine,  we  found  for  the 
numbers  which  express  the  equivalent  quantities  of  the 
aimple  bodies  employed,  the  following: — 


Copper,  .    .    . 

.     .  79-83 

Chlorine,  .    . 

.    89-21 

Hydrogen,  .    . 

.    2-52 

Sulphur,    .     , 

.    40-57 

Oxygen,      .    . 

.  20-17 

Iodine,  .     . 

.    .  318-28 

and  as  the  compound  bodies  formed  are  also  equivalent, 
from  their  being  produced  by  the  same,  or  equivalent  com- 
bining actions,  we  may  express  also  in  numbers  their  com- 
bining proportions,  thus  : — 

Oxide  of  copper,  •  100*00  Sulphuret  of  hydrogen,  43*09 
Oxide  of  hydrogen,  .  22.69  Iodide  of  hydrogen, .  320*79 
Chloride  of  hydrogen,  91.73      Chloride  of  copper,  •  169*04 

It  is  evident  that  if,  in  place  of  oxide  of  copper,  any 
other  metallic  oxide,  reduceable  by  hydrogen,  had  been  em- 
ployed, its  equivalent  should  have  been  obtained,  and  in  tiiis 
way  the  equivalents  of  the  majority  of  the  metak  have  been 
determined. 

These  numbers  are  quite  arbitrary ;  and  any  other  body 
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in  the  list  might  as  well  have  been  taken  for  the  origin  as 
oxide  of  copper.  In  practice  such  numbers  are  reduced 
to  a  standard,  which  is  taken  as  1,  or  100,  and,  for  this 
purpose,  oxygen  or  hydrogen,  the  most  important  bodies, 
are  selected. 

Any  number  experimentally  obtained,  as  the  above,  may 
be  reduced  to  the  standard  scale  by  the  rule  of  simple  pro- 
portions :  thus,  the  equiyalent  of  copper  being  79*83,  oxygen 
being  20*17,  and  hydrogen  2*52,  it  is 

20-17  :  79-83  : :  100  =  395-7    Oxygen  =  100 
and  2-52  :  79-83  : :      1  =  31-71     Hydrogen=  1 

It  is  difficult  to  decide  which  of  the  two  scales,  thus 
formed,  deserves  preference :  the  hydrogen  scale  has  been, 
by  the  authority  of  Davy,  so  long  prevalent  in  these  coun- 
tries, that  it  is  difficult  to  supersede  it ;  and  it  possesses  the 
advantage  that  hydrogen  has  the  smallest  equivalent  of  all 
bodies.  The  standard  of  oxygen  is,  however,  for  use,  the 
more  convenient,  as,  in  consequence  of  the  great  preponde- 
rance of  bodies  in  which  oxygen  exists,  the  calculations  are 
much  simplified  by  its  number  being  100 ;  and  there  are  but 
two  or  three  bodies  which,  on  that  scale,  require  to  be  ex- 
pressed  in  a  fractional  form. 

When  the  study  of  these  equivalent  proportions  first 
occupied  the  minds  of  chemists,  Doctors  Prout  and  Thomp- 
son were  led,  from  speculations  regarding  the  physical  con- 
Btitution  of  gaseous  bodies,  to  suggest  that  the  equivalent 
numbers  of  all  substances  should  be  simple  multiples  of  that 
of  hydrogen ;  and  as,  representing  hydrogen  by  1,  the  other 
numbers  should  be  all  whole  numbers,  the  scale  acquired 
thereby  considerable  simplicity.  The  researches  of  Ber- 
zelius  appeared,  however,  to  controvert  that  hypothesis ;  and 
in  his  numbers,  which  are  for  the  most  part  those  given  in 
in  the  following  list,  no  trace  of  such  a  law  can  be  detected  : 
later  researches  have  also,  in  the  hands  of  Turner  and  of 
Penny,  afibrded  additional  support  to  this  opinion :  but  Phil- 
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lips  bas  lately  reopened  the  discussion,  and  Dnmaa  is  in- 
clined to  consider  the  original  views  of  Prout  as  being  pro- 
bably correct.  In  any  case,  the  numbers  given  in  the  list 
must  be  looked  upon  as  being,  in  a  slight  degree,  still  open 
to  revision. 

In  the  following  table  the  equivalents  of  all  the  simple 
bodies  are  expressed  on  each  of  these  scales;  and  throughout 
thb  work  the  two  equivalent  numbers  will  be  given  for 
each  compound  body,  except  where  it  is  otherwise  remarked. 


Namei  of  Elemento. 

Equivalents. 

Names  oCSub- 

Equivalents.       i 

0=100 

H  =  l 

•lattces. 

0  =  100 

H  =  l 

Ahumnum.     .    . 

171-2 

13-7 

Mercury    .    .    . 

1265-8 

101-43 

AntUDony   .    .    . 

16129 

129-2 

Molybdenum      . 

598-5 

47-96 

AncDie  .... 

9401 

75-84 

Nickel.    .    .    . 

369-7 

29-62 

Barium  .... 

856-9 

68*66 

Nitrogen   . 

175-0 

14-00 

Bismuth      .    .    . 

886*9 

71-10 

Osmium    . 

1244-5 

99-72 

Boron     .... 

136-2 

10-91 

Oxygen     . 

100-0 

8-01 

tSfomlno     •    .    . 

978S 

78-39 

Palladium 

665-9 

53-36 

CadmiwD    .    .    . 

096-8 

55-83 

Phosphorus    . 

392-3 

31-44 

Cakiam.    .    .    . 

2560 

20-52 

*  Platinum  .    . 

1233-5 

9884 

Carbon  .    .    •    • 

76-0 

608 

Potassium 

489-9 

39-26 

Ccnum  •    .    .    . 

574-7 

4605 

Rhodium  . 

651-4 

52-2 

Chlorine     .    .     . 

442-6 

35-47 

Selenium  .    . 

494-6 

39-63 

Chronunni  •    .    • 

851-8 

28-19 

Silicon  .    . 

277-3 

22-22 

Cobalt   .    .    .    . 

369-0 

29-57 

Silver  .    . 

1351-6 

108-3 

2307-4 

184-90 

Sodium     . 

290-» 

23*31 

Copper  .... 

395-7 

31-71 

Strontium 

547-3 

43*85 

Fluorine      .    .    . 

28:i-8 

18-74 

Sulphur     . 

201*17 

16-12. 

Gludnom    .     .     . 

331-3 

26-54 

Tellurium 

801-76 

64-25 

Gold 

24860 

199-21 

Thorium  . 

744-9 

50*83 

Hydrogen  .    .     . 

12-5 

1-00 

Tin .    .    . 

735-29 

58*92 

lotfne    .... 

1579-5 

126-6 

Titanium  . 

303-66 

24-33 

Iridinm  .... 

1233-5 

98-&4 

Tungsten  .    . 

1183-0 

94-86 

Iron  .    .    »    .    . 

339-2 

27-18 

Vanadium     . 

856-9 

68-66 

Lanthanum     .    . 

Uranium  .    . 

2711-4 

217-26 

Lead      .    .    .    . 

1294-5 

103-73 

Yttrium    • 

402*5 

32-25 

Lithium      .    .    . 

80-3 

6-44 

Zinc     .    . 

403-2 

32-31 

Magnesium      .     . 

158-3 

12-69 

Zirconium 

420*2 

33-67 

Manganese       .     • 

345-9 

27-72 

1 
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DOUBLE  DECOMPOSITION 


The  determination  of  the  equivalents  of  compound  bodies 
is  an  equally  remarkable  application  of  the  principles  that 
have  been  laid  down.  The  equivalent  number  of  a  com* 
pound  is  the  sum  of  the  equivalent  numbers  of  its  constitu- 
ents, as  has  been  already  seen  in  the  numbers  obtained  for 
the  oxides  and  chlorides  of  copper  and  of  hydrogen.  In  this 
way  maybe  constructed  lists  of  the  equivalents  of  compound 
bodies ;  thus  reducing  the  substances,  already  noticed,  to  the 
scales,  there  are : 


Subftancet. 

Equivaleots. 

Sobttances. 

EquiTalenta. 

0  =  100 

H  =  l 

0=100 

H=l 

Oxide  of  copper  . 

Oxide  of  hydrogeo 

Chloride  of  hydro- 

gen    •    •    •    • 

495-7 
112-5 

445-1 

89-72 
9-01 

86-47 

Chloride  of  copper 
Iodide  of  hydrogen 
Sttlphuret  of  hy- 
drogen   •    •    • 

838-3 
1592-0 

213-7 

6M8 
127-57 

17-12 

It  is  in  relation,  however,  to  the  mutual  decomposition 
of  saline  bodies  that  the  principle  of  equivalent  proportion 
becomes  of  most  interest  and  by  which  it  is  best  illustrated. 
If  to  a  solution  of  nitrate  of  bary  tes  we  add  a  solution  of 
sulphate  of  soda,  there  is  immediate  decomposition,  by  the 
mutual  interchange  of  acids  and  bases,  and  the  neutrality 
of  the  solution  remains  completely  undisturbed;  the  salts 
which  exist  after  mixture  are  equally  neutral  with  those 
which  had  existed  previously,  and  the  quantities  of  acids 
and  bases  which  are  involved  in  the  decomposition  are  hence 
equivalent  to  each  other.  Thus,  if  we  take  130-7  parts  of 
nitrate  of  bary  tes,  we  find  that  they  require  for  their  decom- 
position exactly  71-3  parts  of  dry  sulphate  of  soda,  and  that 
there  are  formed  116.7  parts  of  sulphate  of  barytes,  and 
85-3  parts  of  nitrate  of  soda.  The  composition  of  these 
four  salts  is : 
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Sulphate  of  Barytes.  Nitrate  of  Soda. 

Sulphuric  acid      •     40  Nitric  acid    •     54 

Barytes  •     .    .     .     76-7  Soda   .     .     .    31-3 

116-7  85-3 


NHrate  of  Barytes.  Sulphate  of  Soda. 

Nitric  acid  ...    54  Sulphuric  acid  40 

Barytes  ....     76-7  Soda    ...    SI  S 

lSO-7  71-8 


All  four  are  neutral;  the  acids  and  bases  are  in  all  equally 
neutralized,  and  hence,  the  40  of  sulphuric  acid  and  54  of 
nitric  acid,  being  capable  of  saturating  the  same  quantity  of 
base,  whether  it  be  soda  or  barytes,  are  equivalent  quantities 
and  represent  the  combining  proportions  of  these  acids; 
and  the  76*7  of  barytes,  and  the  31*3  of  soda,  being  likewise 
shown  to  possess  equal  powers  of  neutralizing  the  acid, 
whether  nitric  or  sulphuric,  are  the  numerical  equivalents  of 
those  bases.  If  there  had  been  a  larger  quantity  of  either 
salt  present,  it  would  have  remained  unaffected,  the  inter- 
change of  elements  taking  place  only  in  equivalent  propor- 
tions. Had  nitrate  of  lead  been  employed,  in  place  of  ni- 
trate of  barytes,  the  proportion  necessary  should  have  been 
different,  and  a  different  quantity  of  sulphate  of  lead  would 
have  been  produced  from  the  same  sulphate  of  soda.  Thus, 
to  the  71-3  of  sulphate  of  soda,  there  should  be. 

Nitric  acid     .     54'0  producing  Sulphuric  acid  .    40' 1 
Oxide  of  lead  111  -7         „  Oxide  of  lead   .  111-7 


Nitrateof  lead  165-7  Sulphate  of  lead  151'8 

If,  in  place  of  sulphate  of  soda,  we  take  oxalate  of  soda, 
we  will  find  that  67*3  of  it  will  exactly  fulfil  the  functions  of 
71 '3  of  sulphate  of  soda,  and  these  consisting  of  31*3  of 
soda  and  36*0  of  oxalic  acid,  will,  by  decomposing  130*7  of 
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nitrate  of  barytes,  or  165*7  of  nitrate  of  lead,  produce  147*7 
of  oxalate  of  lead,  or  112*7  of  oxalate  of  barytes.  36  of 
oxalic  acid  are,  therefore,  equivalent  to  40*1  of  sulphuric 
acid,  and  54*0  of  nitric  acid. 

A  table  of  equivalents  of  acids  and  bases  might  thus  be 
drawn  up :  there  should  be. 


SabstBDcei. 

EquivaleDts. 

Substances. 

Equivalents. 

0  =  100 

H=:l 

0=100 

H=l 

Nitric  acid  .     . 
Sulphuric  acid  • 
Oxalic  acid  •    , 

677-0 
601-1 
462-9 

54-0 
40-1 
860 

Soda      .     .     * 
Barytes      •     . 
Oxide  of  lead . 

390-1 

956-9 

1394-6 

31-3 

76-7 

111-7 

It  was  in  this  form  that  the  equivalency  of  different 
quantities  of  chemical  substances  was  first  recognized,  and 
numbers  assigned  with  extraordinary  skill,  by  Wenzel,  whose 
labours,  although  overlooked  at  the  time,  must  be  considered 
as  the  first  and  greatest  step  towards  assigning  the  numeri- 
cal conditions  of  chemical  action. 

The  mode  of  determining  the  equivalent  number  of  a 
new  substance  can  now  be  easily  understood.  If  it  be  an 
acid,  it  is  to  be  combined  with  some  base  of  which  the  equi- 
valent is  known ;  if  it  be  a  base  it  must  be  united  with  an 
acid.  If  it  be  a  metal,  it  may  be  united  with  chlorine  or 
oxygen.  If  it  be  a  simple  non-metallic  body,  it  may  be 
united  with  a  metal.  In  any  case,  a  well  defined  compound 
of  the  new  body  with  one  whose  equivalent  number  is  already 
known  must  be  obtained  and  accurately  analyzed.  The 
equivalent  numbers  of  the  two  bodies  are  proportional  to  the 
quantities  in  which  they  were  combined,  provided  we  have 
reason  to  consider  that  the  compound  examined^  contained 
an  equivalent  of  each.  Thus,  if  the  new  body  form  with 
sulphuric  acid,  a  perfectly  neutral  and  soluble  salt,  and,  on 
analysis,  this  yields  37*3  of  sulphuric  acid  and  62'7  of  the 
new  base  in  100,  the  equivalent  b  found  by  the  proportion, 
as,  37-3:  62-7  : :  40*1 :  x  =  67-4,  which  is  the  equivalent  of 
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the  body,  40*1  being  that  of  sulphuric  acidi  and  hydrogen 
being  =  I. 

A  calculation  of  this  kind  requires,  however,  to  be  checked 
by  a  knowledge  of  the  next  law  of  combination,  that  of  mul- 
tiple proportions ;  for,  as  has  been  stated,  we  presume,  in 
the  example,  the  salt  analysed  to  be  composed  of  an  equivalent 
of  each  constituent  It  may  be,  however,  that  it  contained 
two  equivalents  of  acid  to  one  of  base,  in  which  case  die 
nnmber  for  the  latter  should  become  IS4^ ;  or  two  equi« 
valents  of  base  to  one  of  acid,  which  would  make  the  number 
33*7.  The  proportions  might  be  even  still  more  complex ;  and 
hence,  before  attempting  to  decide  <m  the  equivalent  number 
of  a  body,  its  general  history  must  b^  studied. 

The  tlurd  law  of  combination  is,  that  where  one  body 
unites  with  another  in  more  proportions  than  one,  there 
exists  a  simple  relation  betweai  the  qi^antities  4^ the  second, 
which,  in  the  di&rent  compounds,  unite  with  the  same 
quantity  of  the  first  Thus,  taking  manganese  and  nitrogen, 
which  are  remarkable  for  the  number  of  compounds  which 
they  form  with  oxygen,  there  are, 


845*9  of  manganese  UDite  with  1 00  of  oxygen. 
345-9  „  150 

345^9  „  200 

345-9  „  250 

345-9  „  800 

345-9  „  850 


formingprotoxide. 
sesquioxide. 
peroxide, 
manganous  acid, 
manganic  acid, 
permanganic  acid. 


and  with  nitrogen, 

175  of  nitrogen  unite  with  100  of  oxygen,  forming  nitrous  oxide. 
175  „  200  „  iMnc  oxide. 

175  „  800  yy  hypoaitrous  acid. 

175  „  400  ,,  nitrous  acid. 

175  „  500  „  nitric  acid. 

Here  the  successive  quantities  of  oxygen  taken  by  the  man- 
ganese  are  as  the  numbers  2,  3,  4,  5,  6, 7,  and  those  which 
combine  witSi  the  nitrogen  are  as  1,  S,  3,  4,  5.  In  Ae  last 
case  they  are  afi  simple  multiples  of  the  first  proportion,  but 
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in  the  case  of  nuinganese  they  are  multiples  of  one-half  of 
the  quantity  contained  in  the  protoxide.  The  analogy  of 
some  other  similar  bodies,  however,  renders  it  extremely 
probable,  that  though  it  has  not  been  yet  discovered,  there 
exists  a  compound  of  348*9  of  manganese  with  50  of  oxygen, 
and  this  should  then  be  the  first  term  of  the  series. 

This  law  of  multiple  proportions  holds  not  only  with  re- 
gard to  the  simple  bodies  already  stated,  but  also  with  com- 
pound bodies  of  every  class.  Thus,  chromic  acid  combines 
with  potash  in  three  different  proportions,  forming  by 

52*2  chromic  and  -4-47-3  potash,  neutral  chromate  of  potash. 
104*4  „  4-47*3    n        bichromate  of  potash. 

156*6         „  +47*3    „        terchromate  of  potash. 

Sulphuric  acid  combines  with  potash  in  two  proportions, 

40*1  sulphuric  acid  4*47*3  potash,  neutral  sulphate. 
80*2  „  4-47*3    „        bisulphate. 

It  was  indeed  by  the  verification  of  it,  in  the  carbonates  and 
oxalates  of  potash,  by  Wollaston,  that  this  law  obtained  in 
the  first  instance  general  acceptation. 

22  of  carbonic  acid  +  47*3  potash,  form  carbonate  of  potash. 
44  »,  4. 47*3  „  bicarbonate  of  potash. 

36  of  oxalic  acid  +47*3  potash,  form  oxalate  of  potash. 
72  „  +47*3  „  binoxalate  of  potash. 

144  „  +47*3  yy  quadroxalate  of  potash. 

In  salts,  with  excess  of  base,  the  same  principle  holds.  Thus, 
in  the  sulphates  of  copper  I  have  shown  that, 

39*7  oxide  of  copper  +  40*1  sulphuric  acid,  form  neutral  sulphate. 

79*4  y,  +40*1  „  bihasic  sulphate. 

158*8  „  +40*1  „  quadrihasic  sulphate. 

317*6  „  +40*1  ,,  octobasic  sulphate. 

In  other  cases  the  series,  though  not  so  complete,  evidently 
follows  the  same  law. 

The  great  use  of  the  symbolical  nomenclature,  noticed 
already  in  page  251,  consbts  in  its  supplying  an  exact  ex- 
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pression  of  this  law  of  multiple  proportions.  The  ordinary 
symbol  of  a  simple  body  indicating  an  equivalent  of  it,  the 
number  by  which  that  symbol  is  multiplied,  in  the  formula 
of  each  compound  body,  represents  the  number  of  equiva- 
lents therein  contained.  Thus,  for  manganese  and  nitrogen, 
already  used  as  instances,  the  symbolical  expression  of  the 
law  b  given  in 

NO    Nitrous  oxide.  MnO     Protoxide  of  manganese. 

NOs  Nitric  oxide.  MufiOs  Sesquioxide. 

NO3  Hyponitrous  acid.  MnOa    Peroxide. 

NO4  Nitrous  acid.  MnOa    Manganic  acid. 

NO5  Nitric  acid.  Mn207  Permanganic  acid. 

The  numerical  coeflScient  is  sometimes  placed,  as  here, 
below  and  to  the  right  of  the  letter  symbol ;  by  other  che- 
mists it  is  placed  to  the  left  and  on  the  same  line,  as  Fb+20. 
Cr-f-30.,  and  sometimes  to  the  right  and  above  the  letter,  as 
PbO^  CrO^  This  makes  no  difierence  in  chemistry ;  but 
the  student  must  be  careful  not  to  confound  chemical  with 
mathemadcal  symbols,  in  which  the  position  of  the  number 
might  alter  its  power  and  meaning  altogether.  It  must  be 
noticed,  however,  that  numbers  written  as  the  above  affect 
only  the  immediate  symbol  to  which  they  are  attached ;  but 
sometimes  a  number  affects  a  group  of  symbols :  thus,  3MnO 
is  three  equivalents  of  protoxide  of  manganese =Mn303: 
thus,  also,  SO3  KO.  +  Al^Oa.  SSO3,  the  formula  of  dry 
alum,  contains  four  figures  of  3,  of  which  the  first,  second, 
and  fourth  only  affect  the  O,  to  which  they  are  subjoined, 
but  the  third  affects  the  SOs,  to  which  it  is  prefixed.  A 
little  practice  will  enable  the  student  to  become  quite  fami- 
liar with  the  arrangement  of  the  symbols,  or  formulae,  as  they 
are  termed,  of  bodies,  even  of  the  most  complicated  nature. 

This  is  the  principle  of  multiple  proportions,  that  the  suc- 
cessive quantities  in  which  one  body  may  unite  with  another 
are  multiples  of  the  first,  by  a  whole  number ;  and  the  cause 
of  this  is  at  once  seen,  and  a  simple  and  positive  meaning 
given  to  this  law,  by  saying,  that  the  first  body  contains  an 

z2 
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equiYalentof  each  element ;  the  second,  one  equiralent  of  one 
and  two  equivalents  of  the  other,  and  bo  on;  the  sucoessiTe 
steps  being  formed  by  the  number  of  combining  proportions 
of  the  second  body  which  unite  with  one  combining  propor- 
tion of  the  first. 

This  principle,  which  establishes  a  remarkable  distinction 
between  the  action  of  chemical  affinity  and  of  cohesion,  was, 
at  the  moment  of  its  first  being  traced,  attacked  by  Ber- 
thollet,  to  whose  exclusive  doctrines  it  was  quite  fatal. 
Berthollet,  in  fact,  considered  that  the  affinity  of  bodies 
should  make  them  unite  in  all  possible  proportions,  and  that 
it  was  only  by  the  influence  of  cohesion  and  elasticity  that 
the  formation  of  the  bodies,  actually  produced,  resulted. 
Thus  he  asserted,  that  sulphuric  acid  and  barytes  actually 
unite  in  all  proportions,  but  those  of  40*1  of  acid  to  76*7  of 
base  forming  the  body  of  the  least  solubility,  the  whole 
quantity  of  add  is  determined  to  unite  with  the  barytes  in 
those  proportions,  and  in  none  others.  Thus  he  imagined 
also,  thatmeicury  and  oxygen  should  unite  in  all  proportions, 
and  Ihat  it  was  only  by  the  intervention  of  external  causes 
that  their  union  was  determined  in  preference  to  occur  in 
the  proportions  of  101*4  of  mercury  to  4  of  oxygen,  and 
101 '4  of  metal  to  eight  of  oxygen.  We  owe  to  Proust  the 
complete  refutation  of  Berthollet's  views  in  this  respect ;  he 
cleared  away  a  heap  of  incorrect  ideas  whidi  had  prevailed 
regarding  compound  bodies,  showing  that  numerous  degrees 
of  oxidation,  which  had  been  looked  upon  as  intermediate, 
and  connecting  the  extreme  limits,  as  Berthollet  thought 
they  ought  to  be  connected,  were  impure  and  badly  pre- 
pared mixtures  of  the  true  compounds,  and  that  when  pure, 
the  transition  firom  one  state  to  the  other  is  sadden  and 
definite,  as  has  been  shown  to  be  the  consequence  of  die 
law  of  midtiple  proportion,  tt  is  interesting  to  notice,  how- 
ever, as  an  example  of  how  easily  a  great  discov^y  inscienoe 
may  be  lost,  that,  lAhough  Proust  had  in  his  hand  all  mate- 
rials necessary  for  establishkig  the  laws  of  combination,  such 
a»  they  have  been  described,  they  escaped  his  notice,  from  his 
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having  coBtemplated  hia  results  only  in  one  pobt  of  view ; 
thus  he  found  that  in  100  parts. 


1st  Oxide  of  copper  contained 
Oxygen,  .  .  .11-22 
Copper,     .    .    .  88-78 

1st  Oxide  of  mercury, 
Oxygen,    .    •    .    3'80 
Mercury,   .    •     •  96*20 

IstSnlphuret  of  iron. 
Sulphur,    .    .    .  37-23 
Iron,     ....  62'77 


2nd  Oxide  of  copper  contained 
Oxygen,      .    .  2017 
Copper,  .    .     .  79'83 

2nd  Oxide  of  mercury, 
Oxygen,      .     .    7-32 
Mercury,     .    .  92-68 

2nd  Sulphuret  of  iron. 
Sulphur,      .    .  54*26 
Iron,  ....  45-74 


He  proved  that  no  indefinite  intermediate  degree  of  comhi- 
nation  could  be  traced,  and  that  the  influence  of  cohesion 
could  not  be  supposed  to  be  the  only  cause  of  the  definite- 
ness  of  constitution;  hut,  had  he  made  a  trifling  change  in 
bis  way  of  calculation ;  had  he  taken  a  certain  weight  of  one 
element  as  the  standard,  and  not  100  parts  of  the  compound 
body,  his  numbers  should  have  become, 


Ist  Oxide  of  copper. 

Oxygen,  .     .     .     1000 
Copper,    .    .     .    791-4 

Ist  Oxide  of  mercury. 

Oxygen,  .    .    .    1000 
Mercury,      .    .  25S1-6 

1st  Sulphuret  of  iron, 

Sulphur,  .     .     .    201-2 
Iron,    ....     339*2 


2nd  Oxide  of  copper. 

Oxygen,    .     .    200-0 
Copper,     .    .    791-4 

2nd  Oxide  of  mercury. 
Oxygen,    .    •    200-0 
Mercury,  .     .  2631-6 

2nd  Sulphuret  of  iron. 
Sulphur,   .    .    402-4 
Iron,    •    .    •    839-2 


And  thus,  the  fact  of  the  quantity  of  oxygen  or  sulphur,  in 
the  second  range  of  compounds,  being  exactly  double  that 
in  each  of  the  first,  would  have  been  evident,  and  the  law  of 
multiple  proportions  been  discovered  twenty  years  before  its 
existence  was  suspected. 

We  are  now  in  a  condition  to  examine  more  in  detail 
the  method  of  determining  the  equivalent  number  of  a  body, 
which,  as  was  before  noticed,  is  rendered  difficult,  sometimes, 
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when  the  substances  in  question  unite  in  more  proportions 
than  one.  Thus,  it  is  evident,  that  the  manganese  series 
might  be  represented  as 

100  of  oxygen^-  345«9  of  manganese^  forming  protoxide. 

99  99  sesqaioxide. 

99  „  perokide. 

»  99  manganous  acid. 

9f  99  manganic  acid. 

9»  99  permanganic  add. 

And  the  metallic  oi^dea  and  sulphurets  above  described 
might  be  written,  and  express  still  the  law  of  multiple  pro- 
portion; as, 

1  St  Oxide  of  copper,  2nd  Oxide  of  copper, 

Oxygen,     .    .     100.0  Oxygen,  .    .     .    100-0 

Copper,      .    .    791-4  Copper,  .    .    .    396*7 

Ist  Oxide  of  mercury,  2nd  Oxide  of  mercury^ 

Oxygen,      .    .     100*0  Oxygen,.    .     .     1000 

Mercury,    .     .  25S1-6  Mercury,     .     .  1266-8 

1  St  Sulphuret  of  iron,  Snd  Sulphuret  of  iron. 

Sulphur,     .     .     201-2  Sulphur,.    .     .    2012 

Iron  ....    339-2  Iron,       .    .    .     169-6 

There  might  thus  be  deduced  from  each  kind  of  com- 
pound a  different  equivalent  for  each  simple  body,  and  it  is, 
therefore,  necessary  to  lay  down  some  general  principles 
by  which  one  must  be  guided  in  their  choice. 

First.  Whenever  there  exists  but  one  proportion  in  which 
two  bodies  are  capable  of  combining,  it  may  be  concluded, 
unless  there  are  good  reasons  to  the  contrary,  derived  from 
other  sources,  that  the  proportion  is  one  equivalent  of  each 
element.  Thus,  lime  and  magnesia  are  the  only  compounds 
formed  by  the  metals  calcium  and  magnesium,  uniting  with 
oxygen,  and  are  hence  looked  upon  as  protoxides. 

Second.  Whenever  one  body  combines  with  another  in  two 
proportions,  as  a  metal  with  oxygen,  and  that  the  quantities 
of  oxygen  are  as  2 : 1,  it  may  be  concluded,  unless  there  are 
other  reasons  for  an  opposite  decision,  that  the  bodies  consist 
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either  of  one  equivalent  of  metal  united  respectively  with 
one  and  two  of  oxygen,  or  of  one  equivalent  of  oxygen 
united  respectively  with  one  and  two  of  metal.    To  de- 
cide between  these  views,  it  must  be  considered*  that  as 
the  tendency  of  the  metal  and  of  oxygen  to  unite,  is  pretty 
well  satiated  by  the  combination  of  an  equivalent  of  each, 
if  the  protoxide  so  formed  unite  with  another  equivalent 
of  either  metal  or  of  oxygen,  this  will  be  retained  with 
inferior  power,  and  when  the  substance  so  produced  is 
exposed  to  decomposing  agencies,  it  may  be  resolved  into 
protoxide  and  metal  in  the  one  case,  and  protoxide  and  free 
oxygen  in  the  other.    Thus,  copper,  lead,  and  mercury  unite 
each  with  oxygen  in  two  proportions,  and  if  black  oxide  of 
mercury  be  heated,  it  resolves  itself  easily  into  metallic 
mercury  and  red  oude,  whilst  the  red  oxide  undergoes  no 
change  except  total  decomposition  into  mercury  and  free  ox- 
ygen. Red  oxide  of  copper  decomposes  itself  easily  into  me* 
tallic  copper,  and  black  oxide  of  copper ;  but  this  last  does 
not  admit  of  any  decomposition  which  is  not  total.  If  we  take 
yellow  oxide  of  lead,  we  cannot  change  it  by  the  application 
of  heat ;  but  if  we  heat  brown  oxide  of  lead,  it  gives  off  one* 
haKof  its  oxygen,  and  yellow  oxide  remains;  similarly  when 
peroude  of  manganese  is  heated  by  deoxidizing  agents,  it 
abandons  one-half  of  its  oxygen,  but  the  oxide  so  formed 
cannot  be  further  reduced.    In  this  way,  therefore,  we  con- 
elude  that 

Red  oxide  of  copper  is  suboxide.    CuaO.      ^ 
Black  oxide  of  copper  is  protoxide.    CuO. 
Black  oxide  of  mercury  is  suboxide.    Hg20. 
Red  oxide  of  mercury  is  protoxide.    HgO. 
Yellow  oxide  of  lead  is  protoxide.    PbO. 
Brown  oxide  of  lead  is  deutoxide.     Pb02. 
Olive  oxide  of  manganese  is  protoxide.    MnO. 
Black  oxide  of  manganese  is  deutoxide.    MnOs* 

Thus,  also,  hydrogen  and  oxygen  unite  in  two  proportions,  to 
form,  in  one,  water,  a  body  remarkably  neutral  in  properties, 
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and  pennAoent  in  constitution,  and  in  the  other  oxygenated 
water,  of  which  half  of  the  oxjgen  ia  so  loosely  comhined 
that  its  decomposition  is  provoked  hy  the  slightest  causes, 
and  is  explosively  violent.    It  is  hence  concluded  that, 

Water  is  protoxide  of  hydrogen.     HO. 
Oxygenated  water  is  deutoxide.     HOa- 

If  there  be  still  more  degrees  of  combination  of  the  two  bo^ 
dies,  these  principles  apply  still  more  determinately  to  their 
characteristic  properties. 

Third.  The  constitution  of  an  add  may  be  frequently  de- 
termined by  the  consideration,  that  an  equivalent  of  it  is  the 
quantity  which  neutralizes  an  equivalent  of  a  well  characte- 
rized base.  Thus  the  equivalent  number  of  potash  on  the 
hydrogen  scale  is  47*3,  and  this  combining  with  40*1  of  sul- 
phuric acid  to  form  neutral  sulphate  of  potash,  this  number 
is  determined  to  be  the  equivalent  of  the  acid,  and  as  it  is 
made  up  of  16*1  of  sulphur  and  24  of  oxygen,  the  acid  is 
considered  to  be  composed  of  one  equivalent  of  sulphur  16' I, 
and  three  equivalents  of  oxygen  8  X  3  =  24.  Its  formula  is, 
therefore,  SOa*  In  the  same  way,  on  analysing  hyposulphate 
of  potash,  it  is  found  to  consist  of  47-3  of  potash,  united  to 
72*2  of  the  acid,  which  is,  therefore,  its  equivalent  number. 
But  this  number  is  made  up  of  32*2,  or  two  equivalents  of 
sulphur,  and  40,  or  five  equivalents  of  oxygen,  and  the  for- 
mula expressing  its  constitution  is  S^Os. 

Where  an  acid  forms  several  classes  ofsalts,  it  is  difficult 
to  determift  which  is  that  containing  an  equivalent  of  each 
element,  and  hence  this  mode  of  ascertaining  the  constitution 
of  the  acid  may  be  occasionally  at  fault.  This  happens  par- 
ticularly with  the  acids  of  phosphorus  and  arsenic ;  and  in 
these  cases  it  is  necessary  to  recur  to  considerations  regard- 
ing the  constitution  of  their  salts,  which  will  be  described 
when  we  come  to  speak  ofsalts  in  general. 

Fourth.  In  cases  where  the  ratio  between  the  quantities  in 
which  the  bodies  combine  does  not  follow,  the  simple  pro- 
portion of  1 : 2 : 3,  &c.,  but  assumes  the  more  complex  form 
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of  S :  8,  or  3 :  4y  or  3 : 5 : 7,  it  is  necessary  to  seek  for  ana* 
logies  between  the  members  of  the  series  and  certain  other 
bodies  with  regard  to  which  there  is  not  the  same  uncer- 
tainty. Thus^  there  are  two  oxides  of  iron  which  may  be 
looked  upon  as  consisting,  either 

the  1st  of  27*9  of  iron  +  8  oxygen, 
the  2nd     279      „       + 12      „ 
or  the  2nd     18*6      „       +   8      „ 
the  1st      27-9     „      +8      „ 

In  the  first  mode  of  view  the  oxygen  varies  as  2: 3,  but  in 
the  second  it  is  the  metal  which  changes  in  proportion. 
Here  we  obtain  a  guide  in  the  study  of  the  salts  formed  by 
these,  bodies.  It  is  found  that  the  oxide  which  contains  27*9 
of  iron  to  8  of  oxygen,  agrees  in  its  laws  and  properties  with 
magnesia,  with  black  oxide  of  copper,  and  with  olive  oxide  of 
manganese,  which  are  all  protoxides,  and  that  it  differs  totally 
in  its  relations  from  such  bodies  as  are  very  fully  known  to 
be  suboxides.  This  oxide  of  iron  contains,  therefore,  an 
equivalent  of  each  element,  and  its  formula  is  FeO.  The 
peroxide  of  iron  then  becomes  FeOl},  but  as  the  equivalent 
of  oxygen  cannot  be  considered  to  be  divided,  we  look  upon 
it  as  being  rather  Fe203,  and  having  its  equivalent  number 
twice  as  large.  This  view  is  confirmed  by  finding  that  when 
sulphate  of  peroxide  of  iron  unites  with  sulphate  of  potash 
to  form  iron  alum,  it  does  so  in  the  proportion  of  Fe203,  dry 
iron  alum  being  SO3.  KO.  +  FcsOa.  3SO3,  and  as  this  is  the 
only  proportion  in  which  these  two  salts  unite,  if  is  reasonable 
to  suppose  that  it  contains  an  atom  of  each  element. 

This  mode  of  controlling  the  equivalent  numbers  is 
beautifully  shown  in  the  instance  of  the  compounds  of 
chrome  with  oxygen.    There  are  two;  the 

Green  oxide  of  chrome  consists  of  18*79  chrome  +  8  oxygen. 
Chromic  acid  „  18*79      ,,      + 16    „ 

Here  the  quantity  of  oxygen  is  doubled  in  the  second  com- 
pound ;  and  as  this  yields  half  of  its  oxygen  readily,  either 
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by  heati  or  to  any  substance  having  an  affinity  for  it,  it  would 
appear  highly  probable  that  the  18*79  is  the  equivalent  of 
chrome,  and  that  the  oxide  of  chrome  should  be  looked  upon 
as  a  protoxide ;  but  such  is  not  the  case.  Sulphate  of  chrome 
combines  with  sulphate  of  potash  to  form  a  chrome  alum, 
resembling  in  all  characters  and  constitution  the  iron  alum 
already  noticed,  and  hence  oxide  of  chrome  corresponds  to 
peroxide  of  iron,  and  its  formula  is  CraOs.  This  is  further 
proved  by  the  relations  of  chromic  acid  to  bases.  The  chro* 
mates  resemble  perfectly  the  sulphates  with  which  they  are 
isomorphous,  and  to  saturate  47*3  of  potash  52*2  of  chromic 
acid  are  required,  consisting  of  S8*S  of  chrome  and  24  of 
oxygen,  and  hence  the  formula  of  chromic  acid  is  CrOa,  re- 
sembling that  of  sulphuric  acid  SO3. 

Fiflth.  In  cases  where  there  is  only  one  compound  of  a 
body  with  oxygen,  we  may  be  induced  to  consider  it  not  to 
be  composed  of  an  equivalent  of  each  element  from  analo- 
gical grounds,  such  as  those  now  described.  Thus  aluminum 
and  oxygen  form  only  one  compound,  alumina ;  but  this 
resembles  in  all  its  laws  of  combination  and  crystalline  form 
oxide  of  chrome  and  peroxide  of  iron,  and  hence  it  is  con« 
sidered  to  be  a  compound  of  two  equivalents  of  metal  and 
three  of  oxygen,  and  its  formula  to  be  AI3O3. 

Sixth.  When  bodies  are  found  combined  in  proportions 
expressed  by  high  numbers,  they  are  generally  looked  upon 
as  secondary  compounds,  formed  by  the  reunion  of  others 
the  ratio  of  whose  elements  are  simple.  Thus  lead  forms 
with  oxygen  compounds  intermediate  to  the  two  true  oxides 
already  described,  the  one  containing  three  equivalents  of 
lead  and  four  of  oxygen,  the  other,  four  of  lead  and  five  of 
oxygen ;  these  consist  really  of  the  protoxide  and  peroxide 
united  in  the  proportions  shown  by  the  equations ; 

Pb405  =  8  PbO  +  PbOa  and  Pb304  =  2  PbO  +  PbO^. 
In  like  manner,  between  the  two  proper  oxides  of  iron  there 
intervene  the  two  magnetic  oxides,  the  formulae  of  which 
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are  Fe405  and  Fe304  being  compounds  of  protoxide  and 
peroxide,  as, 

Fe405  =  2FeO  +  FejOa  and  Fe304  =  FeO  +  FejOa 
By  this  means  the  constitution  of  an  extensive  class  of  com- 
plex bodies  is  reduced  to  very  simple  forms. 

If  we  take  oxygen,  hydrogen,  chlorine,  and  nitrogen  in 
the  proportions  by  weight  which  correspond  to  their  equiva- 
lent numbers,  and  measure  the  volumes  which,  as  gases,  they 
occupy,  an  exceedingly  striking  relation  will  be  found  be- 
tween them;  the  volume  of  oxygen  bemg  exactly  one-half 
that  of  each  of  the  other  gases.  If,  also,  we  heat  iodine  and 
bronune  in  quantities  proportional  to  their  equivalents  by 
weight,  we  will  find,  that  when  converted  into  vapour,  they 
occupy  precisely  the  same  volume  as  the  equivalent  of 
hydrogen  gas  at  the  same  temperature  and  pressure.  On 
converting  into  gas  equivalent  weights  of  arsenic  and  phos- 
phorus, they  occupy  precisely  the  same  volume,  which  is 
equal  to  that  of  the  equivalent  of  oxygen  gas ;  and  by  simi- 
larly treating  an  equivalent  of  sulphur,  its  volume  becomes 
one-third  that  of  the  oxygen.  Finally,  when  a  quantity  of  mer- 
cury, representing  its  equivalent  number,  is  converted  into 
vapour,  its  volume,  reduced  to  the  same  standard  of  temper- 
ature and  pressure,  is  four  times  that  of  oxygen  and  double 
that  of  hydrogen  or  chlorine  gases.  It  hence  results,  that, 
although  the  equivalent  weights  of  the  simple  bodies  may  be 
totally  unconnected,  and  may  range  within  very  extensive 
limits,  yet  the  volumes  which  these  equivalent  quantities 
occupy,  when  in  the  state  of  gas  or  vapour,  have  a  very 
umple  relation  to  one  another ;  thus,  taking  the  equivalent 
weight  of  oxygen  as  100,  and  its  equivalent  volume  as  1, 
the  proportions  of  the  other  bodies  mentioned  are : 
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Name  of  Substance. 

Equivalent  Weight 

Equivalent 
Volume. 

Sp.gr.  of  Taponr 
•ir=IOOO. 

Oxygen    .  .  . 
Hydrogen  •  • 
Chlorine  •  •  • 

1000 

12-5 

442-6 

1 

2 

2 

1102-6 

68-8 

24700 

Iodine  •  •  •  • 

1579-5 

2 

8701-0 

Bromine  •  .  . 

978-3 

2 

63930 

Nitrogen.  .  • 
Sulphur  .  .  • 
Phosphorus  • 
Arsenic   .  •  • 

175-0 
201-2 
392-3 
940-1 

2 

I 
1 

976-0 

6646-0 

4327-0 

10362-0 

Mercury  •  .  • 

1266-8 

4 

6969-0 

Not  merely  does  this  simple  proportion  of  equivalent 
volumes  hold  among  the  simple  bodies,  but  it  determines 
in  the  compounds,  which  they  form,  an  equally  regular  con- 
stitution. 

The  volumes  of  the  gases  which  unite  are  necessarily  in 
simple  equivalent  proportion  to  each  other,  and  when  the 
same  gases  unite  in  more  than  one  proportion,  the  second 
is  a  multiple  of  the  first.  In  all  cases  also  where,  after 
union,  a  condensation  of  volume  occurs,  the  resulting  volume 
is  simply  related  to  the  volumes  which  the  constituents  had 
occupied  before  combination.  Thus,  in  the  formation  of 
water,  one  volume  of  oxygen  unites  with  exactly  two  of  hy- 
drogen, and  the  volume  of  watery  vapour  which  is  formed  is 
equal  to  that  of  the  hydrogen  employed.  To  form  ammonia 
one  volume  of  nitrogen  unites  with  three  of  hydrogen  and 
the  four  volumes  are  condensed  into  two  by  the  combination. 
There  may,  therefore,  be  arranged  for  the  various  bodies 
which  assume  the  gaseous  form,  a  series  of  equivalents  in 
volume,  which  will  not  be  totally  unconnected  numbers,  like 
those  of  the  equivalents  by  weight,  but  are  found  to  be,  as 
the  weights  should  become,  if  the  suggestion  of  Prout  were 
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verified,  simple  multiples  of  the  equivalent  of  some  standard 
body  which  may  be  selected,  as  oxygen  in  the  table. 


Name  of  the  Compoun 
Vapour. 

Formula. 

It 

w 

Equiyalent 
Volume  of 
Constituents. 

Equivalent 
Volume  of 
Compound. 

1 

Sp.  gr.  of 
the  Vapour. 
Air=  10000 

Water 

.     HO 

112-5 

3 

620-2 

Nitrovi  oadde  •    •    .    > 

.     NO 

2750 

1527-3 

NiCiicoiide    .    .    .    . 

.     NO, 

875-0 

1039-3 

Sulphiirons  add  .    .     . 

.     SO, 

401-2 

2210-6 

Sulphuric  acid     .    .    . 

.     SO, 

501-2 

10 

2761-9 

Sulphuretted  hydrogen . 

.     SH 

21S-7 

1177-0 

MuriBtiieacid.    .    .    . 

.     CIH 

455-1 

1269-5 

Hydiiodicadd     .    . 

.    .     IH 

1592-0 

43850 

.    .     B'H 

990-8 

2731-0 

Ammonia  •    .    .    , 

.    .    NH, 

214-5 

591-5 

Arseniuretted  hydrogen 

.     AsH, 

952-6 

2694-0 

Terchloride  of  arsenic 

.    .     A.C1. 

2268-0 

6295-0 

Calomel     .... 

.     Hg,Cl 

2974-8 

8204-0 

.    .     HgCl 

1708.5 

04390 

Anenious  add     .    . 

sO, 

1240-1 

136700 

Sulphuret  of  mercury 

.    .     HgS 

14670 

5384-0 

CUoTide  of  sulphur  . 

.    .    S,C1 

845-0 

4686-0 

ProtochloiidBofphoBphc 

»rus     PCI* 

1720-1 

4741-1 

Fsrddarideofplioiplior 

Bs.  pa. 

2505-3 

11 

4786-1 

The  simplicity  thus  shown  to  exist  between  the  volumes 
of  the  constituent  and  compound  vapour  enables  us  very 
often  to  calcnlate  beforehand  what  the  spedfic  gravity  of  a 
vapoor  shotdd  be,  and  thus  to  ascertun  how  closdy  the  num. 
bers  found  experimentally  by  the  methods  described  in  the 
first  chapter  may  approadi  to  absolute  correctness.  Thus, 
to  calculate  die  specific  gravity  of  ammonia;  it  is  formed  by 
the  unkm  of  three  volumes  of  hydrogen  and  one  of  nitrogen, 
aad,  the  weights  o£  these  volumes  being  as  their  specific 
gravities,  die  weight  of  the  aounonia  formed  should  be  976 
+  (S  X  60)  =  1183 .  if  the  four  VYdnmes  of  constituents  were 
condensed  into  one,  but  as  the  condensation  is  into  two,  the 
apedfic  gravity  of  tbe  ammonia  is  118S  -f-  8  =  591*5  as  given 


350  CALCULATIONS  OF  THE  THEORETICAL 

in  the  table.  Sulphur  and  hydrogen  unite  in  the  proportion 
of  one  volume  of  sulphur  to  six  of  hydrogen,  and  hence  if 
there  were  but  one  volume  of  resulting  gas,  the  specific  gra- 
vity should  be  6648+  (6  X  69)  =:  7062,  but  as  there  are  six 
volumes  of  gas  formed,  the  true  specific  gravity  of  sulphuret- 
ted hydrogen  is  7062  -^  6  =  1 1 77.  The  general  rule  being  to 
multiply  the  specific  gravities  of  the  simple  gases  or  vapours 
respectively  by  the  volumes  in  which  they  combine,  to  add 
those  products  together,  and  then  to  divide  the  sum  by  the 
number  of  volumes  of  the  compound  gas  produced. 

By  the  application  of  this  principle,  we  may  often  decide  with 
great  probability  on  the  specific  gravity  which  certain  bodies 
should  have  in  the  state  of  vapour,  although  it  has  not  been 
as  yet  possible  to  weigh  their  vapours  experimentally.  Thus, 
the  temperature  at  which  antimony  is  volatile  is  so  high  that 
the  specific  gravity  of  its  vapour  may  possibly  never  be 
determined  by  experiment;  but  the  chloride  of  antimony 
resembles,  in  all  its  chemical  relations,  chloride  of  arsenic, 
and  there  is  the  greatest  probability  that  the  constitution  of 
the  two  are  aUke  in  the  state  of  vapour.  Now  we  know  that 
chloride  of  arsenic  consists  of  six  volumes  of  chlorine  and 
one  volume  of  arsenic  vapour  condensed  into  four  volumes; 
and  hence,  if  we  multiply  the  specific  gravity  of  the  vapour 
of  chloride  of  antimony,  which  is  8106-5,  by  four,  we  obtain 
3S426*0,  and  subtracting  from  it  the  weight  of  six  volumes 
of  chlorine  =:  14SS0,  there  remains  17606,  which,  if  the 
analogy  between  arsenic  and  antimony  be  correct,  must  be 
the  specific  gravity  of  the  vapour  of  antimony  reduced  to 
the  standard  of  air  =:  1000. 

Similar  principles  have  been  applied  to  the  determination 
of  the  specific  gravity  which  carbon  should  possess  if  i£  were 
converted  into  vapour.  This  number  would  be  of  great  im- 
portance, in  all  calculations  of  the  specific  gravities  of  the 
vapours  of  organic  bodies,  most  of  which  contain  carbon  as 
an  element;  but  unfortunately  there  is  no  volatile  body  so 
similar  to  carbon,  as  that  its  analogies  can  be  taken  as  a  guide, 
and  hence  the  bases  of  the  calculated  density  of  gaseous  car* 
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bon  are  purely  hypothetical.     Indeed  chemists  are  not  agreed 
upon  the  precise  number^  some  making  it  the  double  of  what 
it  is  estimated  at  by  others.     If  we  look  upon  carbonic  acid 
as  consisting  of  equal  volumes  of  vapour  of  carbon  and 
oxygen,  the  two  condensed  into  one,  the  specific  gravity 
of  carbon  is  1524-1  —  1 102-6  =  421-5,  but  if  the  carbonic  acid 
consist  of  two  volumes  of  oxygen  and  one  of  carbon,  the  three 
volumes  condensed  into  two,  the  calculated  specific  gravity 
of  the  latter  vapour  is  3048-2  —  2205-2  =  84S0.     On  the 
first  idea,  the  carbonic  oxide  consists  of  two  volumes  of  carbon 
vapour,    and  one  of  oxygen,  the  three  condensed  to  two 
(2  X  421*5  +  1 102-6)  -f-  2  =972*8,  and  on  the  latter,  of  equal 
volumes  united  without  condensation  (843*0  +  1 1026)  -f-  2= 
972-8.     It  is  this  latter  view  which  I  adopt,  and  in  any  calcu- 
lations that  may  occur  hereafter,  I  shall  consider  the  specific 
gravity  of  gaseous  carbon  as  843.     It  does  not  at  all  neces- 
sarily follow  that  the  true  specific  gravity  is  either  of  these 
numbers ;  as  it  may  be  that  the  relations  by  volume  of  car- 
bonic acid  and  carbonic  oxide  are  much  more  complex. 
Before  the  specific  gravity  of  the  vapour  of  sulphur  had  belen 
experimentally  determined,  it  was  considered  from  similar 
theoretic  grounds  to  be  2216,  but  it  is  actually  three  times  as 
great,  6648,  and  we  must  hence  not  reckon  too  implicitly  on 
the  relations  by  volume  at  present  given,  for  the  gaseous 
compounds  of  carbon. 

In  the  combination  by  volume,  the  same  laws  of  multiple 
proportion  hold  as  in  combination  by  equivalents;  thus, 
the  compounds  of  chlorine  and  oxygen  which  are,  by  weight, 
CL  O.  CI  O4.  a.  O5.  and  CI.  O7,  are  by  volume  two  of  chlo- 
rine,  to  one,  to  four,  to  five,  and  to  seven  volumes  of  oxygen 
respectively,  and  so  in  all  other  instances,  and,  consequently, 
all  remarks  that  have  been  made  regarding  the  law  of  mul- 
tiple proportions  in  equivalents  by  weight,  apply  to  combina-^ 
tiona  of  equivalents  by  volume  also. 


CHAPTER  X. 

OF  THE  RELATIONS  OF  CHEMICAL  CONSTITUTION  TO  THE 
MOLECULAR  STRUCTURE  OF  BODIES. 

It  has  been  abundantly  shown,  throughout  the  preceding 
portions  of  this  work,  that  even  the  most  purely  physical 
properties  of  a  body  are  closely  connected  with  its  chemical 
constitution ;  and  that  thus  the  density,  the  crystalline  struc- 
ture, or  the  electrical  relations  of  a  substance,  or  the  manner 
in  which  it  is  acted  on  by  heat,  may,  by  affording  distinctive 
characters,  or  by  influencing  its  affinities,  become  necessary 
to  its  chemical  history.  The  numerical  laws  of  constitution 
last  described,  yield  additional  evidence  of  the  intimate  rela^ 
tion  of  chemical  to  molecular  constitution ;  and  in  the  present 
chapter  I  purpose  to  conclude  the  description  of  the  general 
history  of  chemical  action,  by  an  account  of  such  principles 
as  have  been  advanced,  and  such  facts  as  have  been  disco- 
vered, illustrative  of  this  connexion.    They  are  as  follow : 

1st.  The  connexion  between  the  molecular  constitution 
and  the  equivalent  numbers  of  bodies.     JTie  atomic  theory. 

£nd.  The  connexion  between  the  crystalline  form  and  the 
chemical  equivalency  of  bodies.    IsomorphUm. 

3rd.  The  relation  of  constitution  to  composition.  Cff 
Dimorphism  and  Isomerism.     The  theory  of  types. 

4tth.  Of  chemical  action  independent  of  affinity.  Caia-^ 
lysis. 

SECTION  I. 

OF  THE  ATOMIC  THEORY. 

It  was  natural  that  as  soon  as  the  remarkable  laws  of  com- 
bination, discussed  in  the  last  chapter,  had  been  discovered. 
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philosophers  should  be  anxious  to  ascend  to  the  causes  in 
which  they  had  their  rise^  and  to  trace,  in  the  operation  of 
some  one  general  principle,  the  three  determinate  numerical 
conditions  to  which  experiment  proved  chemical  action  to  be 
subjected ;  accordingly,  such  theoretical  views  were  promul- 
gated, even  before  the  laws  of  combination  were  fully  under- 
stood ;  and  it  has  been  since  one  of  the  most  difficult  tasks 
of  the  philosophic  chemist,  to  disentangle  the  real  and  prac- 
tical, from  the  merely  speculative  portions,  of  atomic  chemistry. 

For  Dalton,  in  promulgating  the  law  of  multiple  combi- 
nation, the  most  beautiful,  as  well  as  the  most  extensive  prin- 
ciple that  had  been  conferred  on  chemistry  since  the  epoch  of 
Lavoisier,  announced  it  as  the  result  of  speculations,  which, 
though,  in  their  general  nature,  true,  and  constituting  still  the 
essential  basis  of  all  theories  of  chemical  action,  were  yet 
overlaid  by  a  tissue  of  hypotheses  so  irregular,  and  so  unne* 
cessary,  that  for  a  long  time  the  real  dignity  and  excellence 
of  the  experimental  laws  was  underrated  and  misunderstood. 
These  accessory  speculations  have  now,  however,  passed 
away,  and  the  theory  of  combination  laid  down  by  Dalton 
may,  in  all  its  essential  conditions,  be  very  briefly  expressed 
as  follows. 

All  substances  are  supposed  to  be  constituted  of  particles 
perfectly  indivisible,  and  hence  truly  atoms.  In  different 
kinds  of  matter  these  atoms  are  of  different  weights,  and  pro- 
bably of  different  magnitudes;  but  this  latter  quality  is  of  no 
material  interest.  When  bodies  combine  chemically,  their 
combination  must  be  so  effected  that  one  atom  of  one  unites 
with  one  atom  of  another  ;  or  one  of  the  first  with  two,  or 
three,  or  four  of  the  second ;  or  two  of  the  first  with  three,  or 
five,  or  seven  of  the  second ;  but  no  intermediate  degrees  can 
possibly  occur,  for  the  atom  being  absolutely  indivisible,  no 
intermediate  degree  of  union  can  take  place.  Tlie  relative 
weights  of  these  atoms  are  the  equivalent  numbers  of  the 
bodies  combined ;  eight  parts  of  oxygen  unite  with  one  part 
of  hydrogen,  by  weight,  to  form  water,  because  the  simplest 
proportions  in  which  they  can  unite  are  one  atom  of  each,  and 

2a 
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the  atom  of  oxygen  is  eight  times  as  heavy  as  the  atom  of 
hydrogen ;  eight  parts  of  oxygen  are  equivalent  to  35*4  parts 
of  chlorine,  because  when  an  atom  of  hydrogen  leaves  the 
atom  of  oxygen,  it  combines  with  an  atom  of  chlorine  in  its 
place,  which  is  weightier  than  that  of  oxygen  in  the  propor- 
tion of  85*4  to  8,  and  the  quantity  must  be  consequently  so 
determined.  When  a  second  atom  of  oxygen  combines  with 
hydrogen,  it  being  equally  heavy  with  the  first,  doubles  the 
quantity  of  oxygen  which  the  equivalent  of  hydrogen  has 
taken  up,  and  as  might  be  illustrated  by  any  series  of  exam- 
ples, introduces  as  a  necessary  consequence  the  law  of  mul- 
tiple combination. 

Such  is  the  atomic  theory  of  Dalton.  It  expresses  faithfully 
the  laws  of  combination;  1st,  the  law  of  definite  constitu- 
tion ;  2nd,  the  principle  of  equivalent  proportion ;  and  3rd,  the 
law  of  multiple  combination.  It  is  therefore,  even  in  this 
form,  the  most  embracing  and  perfect  generalisation  that  has 
ever  been  proposed  in  chemistry ;  but  before  committing 
ourselves  implicitly  to  its  adoption,  it  is  necessary  to  examine 
into  its  bases  with  some  detail. 

Dalton  assumes  that  matter  is  constituted  of  indefinitely 
small  particles,  atoms j  but  he  advances  no  proof  that  it  is  so ; 
he  adopts  unreservedly  that  side  of  the  discussion,  which,  from 
the  earliest  ages,  has  divided  the  opinions  of  philosophers, 
and  shows  that  on  that  hypothesis  all  the  most  remarkable 
phenomena  of  chemistry  can  be  explained.  But  I  have  al- 
ready, in  the  first  chapter  of  this  work,  pointed  out,  that  the 
question  of  the  ultimate  constitution  of  matter  is  now  no 
nearer  its  solution  than  it  was  twenty  centuries'  ago;  and  I 
will  now  proceed  to  show,  that  for  the  explanation  6f  the 
laws  of  combination,  the  atomic  theory  of  Dalton  is  unne- 
cessary, or  at  least  that  it  becomes  only  one  out  of  a  variety 
of  molecular  conditions,  which  matter  may  assume.  In  the 
first  place  it  is  necessary  to  ascertain  in  what  manner  the  rela- 
tive weights  of  the  atoms  of  bodies,  if  they  really  exists  are  to 
be  determined. 

I  pointed  oat  in  the  last  cbi^ter  the  nnmber  of  curcum- 
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Stances  which  should  be  taken  into  account  for  the  determi- 
^nation  of  the  equivalent  number  of  a  body ;  it  is  by  such 
considerations  that  in  similar  cases  the  atomic  weight  of  a 
body  is  determined,  and  where  the  idea  of  the  existence  of 
such  ultimate  combining  molecules  is  adopted,  the  atom  is  the 
equivalent,  and  the  number  is  its  weight.  If  therefore,  the 
theory  of  molecular  constitution  involved  chemical  results 
alone,  no  difficulty  would  occur ;  but  when  we  consider  these 
atoms  as  building  up  the  mass,  and  conferring  upon  it  its 
physical  properties,  at  the  same  time  that  they  produce  its 
chemical  constitution,  inconsistencies  are  found,  which  must 
prevent  our  coming  too  hastily  to  a  conclusion. 

WhenGay-Lussac  first  determined  the  existence  of  those 
simple  relations  which  have  been  described  as  existing  be- 
tween the  volumes  of  gases  which  combine  togedier,  it  was 
considered  certun,  that  all  gases  contained  in  the  same  vo- 
lume the  same  number  of  atoms.  The  gases  are  remarkable 
for  all  possessing  the  same  physical  constitution.  Their 
relations  to  pressure  and  to  heat  are  governed  by  the  same 
law,  in  all  cases,  which  can  be  best  explained  by  supposing 
that  in  the  same  space  they  contain  the  same  number  of  pon- 
derable atoms,  set  at  equal  distances  from  each  other,  and 
whose  material  repulsion  is  expressed  by  the  same  law. 
Hence,  when  one  volume  of  chlorine  unites  with  one  of  hydro- 
gen, an  equal  number  of  atoms  of  each  element  come  into 
play,  and  an  atom  of  the  compound  consists  of  an  atom  of  each 
constituent  But  here  a  difficulty  occurs  ;  the  chloride  of 
hydrogen,  which  results,  occupies  two  volumes,  and  yet  it  is 
in  physical  properties  identical  with  the  hydrogen  or  chlo- 
rine; all  physical  evidence  would  lead  us  to  believe,  that 
muriatic  acid  gas  contained  in  the  same  volume  the  same 
number  of  atoms  as  its  constituents,  but  the  most  positive 
chemical  evidence  shows  that  it  contams  but  half  so  many. 
In  like  manner,  on  physical  grounds,  there  should  be  the 
same  number  of  atoms  in  the  same  volume  of  oxygen  and 
hydrogen,  and  as  water  is  formed  by  the  union  of  one  volume 
of  oxygen,  with  two  of  hydrogen,  it  should  consist  of  one 
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atom  of  oxygen  and  two  atoms  of  hydrogen  ;  but  the  most 
perfect  chemical  evidence  we  possess  proves  that  water  is 
composed  of  an  equivalent  of  each  element.  The  number  of 
chemical  molecules  in  gases  is  different  therefore  for  each  gas ; 
it  is  the  combining  or  equivalent  volume  which  contains  equal 
numbers  of  chemically  equivalent  molecules  or  atoms,  and  as 
has  been  shown  in  the  tables  in  last  chapter,  those  volumes 
differ  remarkably  from  one  gas  to  another. 

Another  physical  condition,  which  is  intimately  connected 
with  the  molecular  constitution  and  the  chemical  relations 
of  bodies,  is  their  specific  heats,  on  the  remarkable  law  of 
which,  regarding  the  simple  bodies,  as  discovered  by  Dulong 
and  Petit,  and  extended  to  many  compound  bodies  by  Nau- 
man  and  Avogadro,  I  have  already  fixed  attention  (page 
103.)  If  we  look  upon  the  specific  heats  of  all  the  ultimate 
particles  of  simple  bodies  as  being  the  same,  we  should  at 
once  have  a  mode  of  determining  their  atomic  weights,  and 
these  should  coincide  with  the  equivalents  deduced  from 
chemical  considerations. 

In  the  great  majority  of  cases  the  atomic  weights  of  the 
solid  simple  bodies,  deduced  from  their  specific  heats,  coincide 
with  those  adopted  from  chemical  considerations,  and  in  some  of 
the  exceptional  instances,  as  bismuth  and  silver,  there  is  some 
doubt  as  to  the  true  number,  which  may  be  fairly  interpreted  . 
as  so  far  remaining  neutral.  But  in  other  cases  we  find  that 
it  completely  fails  ;  thus,  the  atomic  weight  of  iodine  deduced 
from  its  specific  heat  is  63*1,  whilst  there  is  no  doubt  but 
that  its  chemical  equivalent  is  126*3,  twice  as  much.  Also, 
the  history  of  arsenic  and  phosphorus  is  so  complete,  that 
there  is  no  doubt  that  their  equivalents  are  75*4  and  31 '4, 
but  when  we  calculate  the  atomic  weights  from  their  specific 
heats,  we  find  as  the  result  for  arsenic  37*7,  and  for  phos- 
phorus 15*7,  that  is,  in  each  case  but  the  half  of  the  real 
number. .  In  the  gases,  also,  there  is  complete  discordance 
between  the  specific  heats  and  the  chemical  equivalents,  no 
matter  whether  we  consider  their  purely  molecular  constitu- 
tion, by  which  they  should  have  an  equal  number  of  atoms 
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and  equal  specific  beats  in  equal  volumes,  or  whether  we 
compare  their  combining  volumes  with  their  specific  heats. 
The  specific  heats  of  equal  volumes  (p.  108)  of  oxygen  and 
of  hydrogen,  have  been  proved  by  Apjohn  to  be  as  808  to 
1459,  whilst,  on  chemical  grounds,  that  of  oxygen  should  be 
double,  and  on  molecular  considerations  the  same  as,  that 
of  ibe  hydrogen. 

It  follows  from  what  has  been  said,  that  it  is  totally  im- 
possible to  adopt  completely  the  opinion  of  Dalton,  that 
bodies  are  composed  of  ultimate  and  indivisible  particles, 
which,  aggregating  together,  give  origin  to  sensible  masses 
of  the  same  nature  when  similar  particles  tmite,  and  to  the 
phenomena  of  chemical  combination  when  the  union  is  be- 
tween particles  of  different  kinds ;  I  adopt  fully  the  idea  of 
Dumas,  that  it  is  possible,  and,  indeed,  more  consonant  to 
experiment,  to  explain  all  the  laws  of  chemical  combination, 
quite  independent  of  all  considerations  as  to  whether  the 
masses  which  combine  are  indivisible  or  the  reverse.  The 
word  aiom,  if  interpreted  in  its  strict  and  proper  sense,  is  un- 
necessary, and  may  be  injurious  if  employed  with  any  vague 
or  undefined  meaning. 

I  consider,  as  I  have  already  stated,  (page  15,)  that  sen- 
sible masses  of  matter  are  constituted  of  a  number  of  lesser 
masses,  which  again  may  be  made  up  of  similar  constituent 
groups,  proceeding  downwards  to  any  extent,  but  still  with- 
out involnng  the  question  of  a  limit  to  the  degree  of  possible 
division.  One  class  of  these  groups  of  particles  I  consider 
to  be  represented  by  the  equivalent  numbers ;  and  it  is  possi- 
ble that  these  numbers  may  indicate  the  manner  in  which  the 
chemically  combining  groups  may  be  disposed  tp  subdivide 
themselves,  in  order  to  generate  a  set  of  groups  of  an  inferior 
class.  The  specific  heats  of  bodies  may  be  considered  to 
have  reference  to  an  order  of  groups  of  particles  often,  but 
not  necessarily,  coincident  with  those  which  combine  to  pro- 
duce chemical  compounds ;  and  the  third,  probably  the  most 
remote,  engaged  in  the  ordinary  properties  of  matter,  may  be 
such  as  being  uniformly  distributed  in  the  gaseous  finrmi  con- 
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fers  upon  those  bodies  tbe  properties  which  characterize 
xnecbanically  that  condition,  and  are  independent  alike  of  the 
chemical  properties  and  specific  heats  which  appertain  to, 
and  are  exhibited  by,  groups  of  a  more  complex  structure 
and  superior  order. 

From  this  point  of  view  I  contemplate  the  atomic  theory ; 
for  these  groups,  engaged  in  chemical  combination,  and  indi- 
visible by  chemical  means,  are,  in  all  chemical  relations,  atoms. 
Their  relative  weights  are  our  equivalent  numbers.  From  their 
union  the  laws  of  definite  and  multiple  combination  directly 
follow.  But,  when  we  remove  them  from  their  proper  sphere, 
when  we  subject  them  to  physical  forces,  we  may  dissect 
them,  and  separate  them  into  other  groups ;  or  we  may  unite 
many  of  them  together,  to  form  a  larger  group,  characterized 
by  the  relations  to  heat  and  to  pressure  that  have  been 
already  stated,  but  no  longer  the  group  or  atom  engaged  in 
chemical  operations.  Thus,  the  group  which  is  acted  on  by 
the  heat  when  a  gas  expands,  occupies  only  half  the  space  in 
muriatic  acid  that  the  chemical  group  takes  up ;  but  in  gase- 
ous sulphur,  it  occupies  three  times  the  space  of  the  chemi- 
cal atom.  In  gaseous  oxygen,  arsenic,  and  phosphorus,  the 
mechanical  atom  is  of  the  same  volume,  but  the  chemical  atom 
only  of  hdf  the  volume,  that  they  respectively  occupy  in  hy- 
drogen, chlorine,  and  iodine.  In  most  of  the  simple  bodies 
the  same  groups  produce  chemical  combination,  and  deter- 
mine the  specific  heat ;  but  in  iodine,  in  arsenic,  and  in  phos- 
phorus, the  group  which  enters  into  chemical  combination 
contains  two  of  the  groups  which  are  pointed  out  firom  the 
specific  heats  of  these  bodies. 

I  shall  frequently  employ  the  word  (Uom  in  the  course  of 
the  following  pages ;  but  I  do  so  only  as  an  abbreviation  for 
the  terms  equivalent  quanHty^  or  combining  masses.  Of  the 
ultimate  particles  of  matter,  or  true  atoms^  we  know  nothing ; 
and  all  of  the  discussions  that  have  taken  place,  firom  the 
earliest  and  vaguest  speculations  of  Democritus  or  Leucippus, 
to  the  modem  experiments  of  WoUaston  and  Faraday,  must 
be  considered  as  absolutely  without  influence  on  the  positive 
decision  of  the  question. 
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SECTION  IL 

OF  ISOMORPHISM. 

The  general  principles  of  the  isomorphism  of  crystallised 
substances  haye  been  already  noticed,  with  relation  to  the 
fact  of  their  substitution  for  each  other,  (page  S9>)  and  of  the 
advantage  with  which  this  property  may  be  applied  to  deter- 
mine equivalent  numbers ;  (page  345 ;)  it  now  remains  to 
study  this  character,  as  indicative  of  the  molecular  constitu- 
tion of  the  body  • 

It  must,  in  the  first  place,  be  carefully  observed,  that 
identity  of  crystalline  form  does  not  imply  similar  chemical 
constitution,  unless  under  limiting  circumstances,  which  re- 
quire to  be  studied  with  great  care.  The  principle  upon 
which  aU  subsequent  reasoning  must  rest  is,  that  in  propor- 
tion as  the  structure  of  the  crystal  becomes  more  complex, 
and  the  conditions  necessary  for  its  formation,  consequently, 
more  varied,  the  greater  probability  is  there,  that  two  bodies 
shall  not  assume  exactly  the  same  form,  unless  their  che- 
mical constitution  and  the  molecular  arrangement  belonging 
to  it,  be  the  same,  or  at  least  similar,  in  both.  Hence  in  the 
regular  system,  there  can  be  no  inference  whatsoever  drawn 
with  regard  to  constitution,  from  the  crystalline  form  alone. 
Bodies,  the  most  contrasted  possible,  in  their  properties  and 
composition,  have  identical  external  figures,  as  fluor  spar, 
bismuth,  alum,  sulphuret  of  lead,  common  salt.  The  con- 
ditions of  molecular  arrangement,  for  the  forms  belonging  to 
this  system,  being  the  easiest  possible  to  fulfil,  the  greatest 
variety,  in  the  number  and  grouping  of  the  chemical  consti- 
tuents, is  allowable. 

In  the  other  systems  of  crystallization,  where  the  double 
refraction  and  the  rings  produced  by  polarized  Ught,  trans- 
mitted along  their  principal  axis,  indicate  a  much  greater 
complexity  of  structure,  it  becomes  highly  improbable,  that 
the  molecules  of  two  bodies  shall  be  so  similar  to  each  other, 
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as  to  produce  identity  of  crystalline  form,  unless  there  is,  if 
the  body  be  compound,  a  similarity  of  composition,  or  if  the 
body  be  simple,  such  similarity  of  properties,  as  brings  the 
two  into  the  same  group,  in  a  natural  classification.  This 
probability  increases  with  the  complexity  of  molecular  struc- 
ture bf  the  crystals. 

The  isomorphism  of  compound  bodies  has  been  explain*" 
ed  upon  the  supposition,  that,  in  such  cases,  the  replacing 
elements  were,  themselves,  isomorphous,  and  hence  might 
change  places  without  disturbing  the  mechanical  arrange- 
ment of  the  other  components  of  the  crystal.  Thus,  that  in 
the  sulphuric,  chromic,  selenic,  telluric,  and  manganic  acids, 
which  contain  each  three  equivalents  of  oxygen,  the  mole- 
cules of  sulphur,  chrome,  tellurium,  selenium,  and  manga-* 
nese  had  all  the  same  form.  The  perfect  determination  of 
whether  those  elements  are  really  thus  isomorphous,  is  very 
difficult,  from  the  fact  of  comparatively  very  few  being  crys- 
tallizable.  Thus  tellurium  and  sulphur  are  those  of  which, 
alone,  we  know  the  crystalline  form,  for  the  only  crystals  of 
selenium  that  have  been  observed  are  microscopic  and  im-i 
perfect,  and  neither  chrome  nor  manganese  can  be  had  crys- 
tallized at  all.  We  must,  therefore,  be  guided  by  analogy  in 
such  cases,  and  if  we  examine  another  group  of  compounds 
into  which  chrome  and  manganese  enter,  we  find,  that  CrsOa 
andMn^Oa,  are  isomorphous  withFcsOs,  and  MnOandFeO 
are  isomorphous  with  CuO.  Now,  we  here  arrive,  by  a 
chain  of  isomorphous  conditions,  at  a  metal  which  may  be 
obtained  crystallized,  but  the  crystalline  form  of  copper  is 
always  one  of  the  regular  system,  as  the  cube,  octohedron, 
rhomboidal,  dodecahedron,  &c«,  whilst  sulphur,  with  which 
it  should  be  isomorphous,  if  this  principle  were  absolutely 
true,  crystallizes  in  two  forms,  of  which  one  belongs  to  the 
oblique  prismatic,  and  the  other  to  the  right  prismatic  system; 
whilst  tellurium  belongs  to  the  rhombohedral  system,  affect- 
ing a  totally  difibrent  form  altogether.  Numerous  other 
instances  might  be  taken ;  thus  the  periodic,  perchloric,  and 
permanganic  acids  are  isomorphous,  (I07,C107  and  MnsOY)^ 
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whilst  the  elements  themselves  are  certainly  not  necessarily 
isomorphous,  as  iodine  helongs  to  the  right  prismatic  system. 
Also  the  isomorphism  of  the  phosphoric  and  arsenic  acids 
(POs  and  AsOs)  is  one  of  the  best  examples  that  has  been 
found,  but  phosphorus  and  arsenic  are  so  far  from  being 
isomorphous,  that  phosphorus  crystallizes  in  the  regular,  and 
arsenic  in  the  rhombohedral  system.  The  principle,  that 
compound  bodies  are  isomorphous,  because  their  replacing 
elements  have,  necessarily,  the  same  figure,  is,  therefore,  one 
which  cannot  be  received  in  science. 

Another  idea  suggested  for  the  explanation  of  the  phe- 
nomena of  isomorphism  is,  that  the  crystalline  form  of  a 
body  is  completely  independent  of  its  chemical  composition, 
and  is  produced  only  by  the  number  of  ultimate  particles  or 
atoms  by  which  it  is  made  up.    Thus  alum  has  the  same 
form,  whether  it  contams  aluminum  or  iron,  or  manganese  or 
chrome,  not  because  their  particles  have  the  same  figure, 
but  because,  in  all  these  cases,  the  molecule  of  alum  is  made 
up  of  the  same  number  (71)  of  simple  atoms.    This  idea  is, 
however,  even  less  tenable  than  the  former,  for  it  supposes, 
that  we  have  arrived  at  the  ultimately  simple  bodies,  the  true 
elements,  which  is  a  very  unphUosophical  assumption,  and 
according  to  it,  bodies  could  replace  each  other  only  when 
they  were  all  simple  or  all  of  the  same  degree  of  compo* 
sition,  which  is  not  the  case,  and  that  also  among  the  simple 
bodies,  that  the  replacement  should  be  always  by  an  equal 
number  of  ultimate  molecules,  which  is  also  negatived  by 
experiment.    Thus  we  find,  that  an  equivalent  of  a  simple 
body,  K,  is  replaced  by  a  group  of  five  equivalents,  NH4, 
and  that  the  simple  atom,  CI,  is  replaced  by  the  two  atoms 
Mils*     This  suggestion  cannot,  therefore,  be  considered  as 
satisfactory,  and  we  must  examine  further  into  the  condi- 
tions of  isomorphous  replacement,  before  we  attempt  the 
further  discussion  of  the  source  from  whence  it  has  its  rise. 

It  is  necessary  first  to  study  the  crystalline  relations  of 
the  undecomposed  bodies,  both  so  far  as  they  have  been 
really  observed,  and  as  they  generate  similar  compounds 
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which  are  isomorphous.  The  simple  bodies  which  are  known 
to  crystallize  are : — 

Regular  System.  Rhombohedral. 
Carbon.  Carbon. 

Phosphorus.  Tellurium. 

Selenium.  Arsenic. 

Copper.  Antimony. 

_  , ,  '  Eight  Prismatic. 

Gold. 

Platinum.  Sulphur. 

Mercury.  Iodine. 

Bismuth.  ^.,.        .,  . 

rp.      .  Obhque  Prtsmattc, 

Lead.  Sulphur. 

It  is  thus  seen  that,  of  the  simple  bodies,  which  may  be 
obtained  crystallized,  two-thirds  crystallize  in  the  regular 
system,  which,  as  already  noticed,  prevents  our  resting  upon 
their  forms  any  chemical  reasoning;  and  the  bodies  whose 
isomorphous  equivalency  is  best  established,  are  not  found 
to  belong  even  to  the  same  system.  Carbon  and  sulphur 
are  known  also  to  have  each  two  forms  of  different  systems, 
and  to  be  thus  dimorphous.  It  must  be  observed,  however, 
that  the  assumption  of  the  forms  of  the  regular  system,  by 
so  many  of  the  simple  bodies,  particularly  among  the  metals, 
may  arise  from  circumstances  such  as  confer  the  external 
cubical  figure  on  analcime  or  borazite,  and  that  their  internal 
structure  may  be,  in  reality,  more  complex,  and  their  ar- 
rangement different;  for  the  metals  do  not  reflect  light  as 
other  bodies  of  the  regular  system  do;  they  change  it  into 
the  state  of  elliptical  polarization,  and  in  the  only  case 
where  light  can  be  examined,  after  having  been  refracted 
through  a  metal,  that  of  gold-leaf,  it  is  found  to  be  ellipti- 
cally  polarized  also.  The  diamond  resembles  the  metals  in 
this  property,  and  is  found  sometimes  to  possess  double  re- 
fraction, which  should  belong  also  to  the  metals,  probably,  if 
their  nature  allowed  it  to  be  tried.    The  cubic  crystals  of 
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gold,  copper,  and  bismuth,  the  octohedrons  of  lead,  silver, 
and  zinc,  may,  therefore,  belong  to  the  square  or  right  pris- 
matic systems,  the  three  axes  being  equal  amongst  each 
other,  and  hence,  the  isomorphism  of  the  simple  bodies  be 
rendered  still  less  probable. 

The  examples  of  isomorphism  in  compound  bodies,  which 
are  most  deserving  of  attention,  are  the  following : 


GROUP  I. 


Sulphuric  acid 
Telluric  acid  . 
Selenic  acid  • 
Chromic  acid  . 
Manganic  acid 


SOal 

TeOa 

SeOa 

CrOa 

MnOaj 


These  adds,  the  composi- 
tion of  which  is  similar  in  all, 
form  salts  which,  when  they 
contain  the  same  base,  and 
the  same  proportion  of  base 


and  of  water  of  crystallization,  have  the  same  crystalline 
form. 

GROUP  n. 


Magnesia MgO 

Protoxide  of  iron  •  •  FeO 
Protoxide  of  manganese  MnO 
Oxide  of  copper  •  .  .  CuO 
Protoxide  of  cobalt  •  •  CoO 
Protoxide  of  nickel  .  •  NiO 
Oxide  of  zinc  .  •  •  •  ZnO 
Oxide  of  cadmium  •  .  CdO 
potash  to  form  isomorphous  double  salts. 

GROUP  III. 


These  protoxides  combine 
with  acids,  and  form  salts, 
which,  when  in  the  same  de- 
gree of  saturation  with  base 
and  water  of  crystallization, 
have  the  same  form.  The 
sulphates  of  these  oxides 
combine  with  sulphate    of 


These  sesqui-oxides, 
combined  with  sulphu- 
ric acid,  with  sulphate 


Sesqui-oxide  of  iron  .  •  Fe^Oa' 
Sesqui-oxide  of  manganese  MnsOs 
Oxide  of  chrome      .     .    •    Cr203 

Alumina AI3O3J  of  potash,    and    with 

water,  form  the  different  species  of  alum,  which  have  all  the 
octohedral  form.    They  are  themselves  also  isomorphous. 

GROUP   IV. 


Potash     ....  KG 

Soda NaO 

Hydrated  ammonia  NHaH.O 


These  fixed  alkalies  may 
be  substituted  for  each  other 
in  the  different  species    of 


Hydrate  of  lime   .  CaO .  HO  J  alum.  The  hydrated  ammonia. 


366    SIMILARITY  OF  FORM  DOES  NOT  PROVE  NECESSARY 

we  heated  or  cooled,  through  a  certain  range  of  temperature, 
the  various  crystallized  hodies  of  that  group,  they  might  be 
brought  to  coincide  absolutely  in  form,  and  possibly  when 
at  first  generated,  they  had  done  so ;  but  by  change  of  figure, 
when  brought  to  ordinary  temperatures,  the  small  plesiomor- 
phic  differences  may  have  occurred. 

Isomorphism,  considered  as  thus  sketched,  affords  to  the 
chemist  the  most  valuable  criterion  at  present  at  his  dispo- 
sal, for  determining  those  substances  which  replace  each 
other,  most  truly,  in  combination ;  and  where  a  number  of 
bodies  are  so  connected  by  external  form,  very  important 
conclusions  may  be  obtained,  as  to  the  internal  arrangement 
of  their  constituents.  In  this  manner  it  has  been  satisfac- 
torily established,  that  bodies  may  replace  each  other  in 
proportions  quite  different  from  their  ordinary  equivalents, 
and  thus  pass,  as  it  were,  by  a  doubling  or  trebling  of  their 
atomic  weights,  into  a  different  natural  group,  and  that  even 
two  bodies,  combined  in  an  equivalent  of  each,  may  form  a 
complex  group,  capable  of  being  substituted  for  one  of  sim- 
pler structure.  Thus  an  equivalent  of  chlorine  is  replaced 
by  two  equivalents  of  manganese,  an  equivalent  of  silver  is 
replaced  by  two  equivalents  of  copper,  an  equivalent  of  soda 
or  of  potash  is  replaced  by  two  equivalents  of  lime,  or  of 
one  of  lime  and  one  of  water,  or  by  one  of  lime  and  one  of 
oxide  of  manganese  or  of  iron,  or  by  ammonia  and  water, 
united  to  each  other,  or  to  an  equivalent  of  a  protoxide  of 
the  magnesian  group.  By  such  observations,  we  obtain  the 
foundations  of  a  philosophical  classification  pf  bodies,  with 
which  the  analogies  drawn  from  purely  chemical  characters 
are  found  remarkably  to  correspond. 

But  it  is  important  to  ascertain,  whether  the  isomorphism 
of  various  bodies  establishes  necessarily,  or  even  probably,  in 
the  absence  of  other  reasons,  grounds  for  assimilating  the 
formulae  of  the  bodies,  or  imagining,  that  their  chemical  con- 
stituents are  equivalent  and  are  arranged  in  the  same  way. 
This  is  a  point  which  has  been,  as  I  consider,  much  mis- 
understood, and  has  led  to  some  error  and  confusion.   Thus 
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anbydroas  sulphate  of  soda  crystallizes  in  the  same  form  as 
perchlorate  of  barytes  and  permanganate  of  barytes,  and 
if  it  be  necessary,  as  a  consequence  of  isomorphism,  that 
these  bodies  should  have  similar  constitutions,  we  must 
change  the  formula,  SO3  •  NaO  into  S2O7.  Na20,  in  order  to 
make  it  resemble  MnaO? .  QfO.  This  requires  us  to  compare 
the  sulphates  whose  elements  are  most  powerfully  united, 
with  some  of  the  most  easily  decomposed  salts  that  we 
know;  it  requires  us  to  consider  the  alealies  as  being  sub- 
oxides, which  is  opposed  by  every  circumstance  in  their 
history ;  and  it  requires  us  to  consider  two  equivalents  of  so- 
dium, as  being  equivalent  to  one  of  barium,  for  which  no 
other  evidence  can  be  had  from  other  examples.  But  again, 
the  anhydrous  sulphate  of  soda  is  isomorphous  with  sul- 
phate of  silver,  and  hence  the  formula  of  this  last  should  be, 
SaOf  •  AgsO,  which  is  so  totally  unsupported  by  other  evi- 
dence, that  it  has  been  proposed  to  subdivide  the  atomic 
weight  of  silver  and  sodium,  for  the  purpose  of  explaining 
the  isomorphism  of  Cu^  and  Ag.  These  examples  are  suffi- 
cient to  shew,  how  unphilosophical  is  the  attempt  at  rashly 
inverting  the  principle  of  isomorphism,  and  seeking  to 
deduce,  as  a  necessary  consequence  of  the  mere  similarity 
of  form,  sinularity  of  chemical  constitution.  Bodies  of  similar 
chemical  constitution  affect  the  same  crystalline  form;  but 
bodies  of  the  most  diverse  natures  may  have  the  same  crystal- 
line form  also.  Even  without  speaking  of  the  regular  system, 
where  fluor  spar  and  alum,  CaF  and  KO .  SO3+ Al^Oa  • 
3SO3-I-24HO,  have  the  same  form,  we  find  numerous  ex- 
amples of  this  fact;  nitrate  of  soda  and  carbonate  of  Hme  are 
isomorphous  in  the  rhombohedral  system,  and  nitrate  of 
potash  and  carbonate  of  lead  in  the  right  prismatic  system ; 
the  chemical  constitution  of  the  formulae  NO5.  NaO  and  COa. 
CaO,  and  that  of  the  formulae,  NO5 .  KO  and  CO^.  PbO  are 
widely  different,  but  the  forces,  by  which  the  assumption  of 
crystalline  form  is  governed,  are  alike.  Even  in  these  in- 
stances, the  attempts  at  generalizing  the  chemical  formulae 
have  been  tried,  and  the  nitrates  of  soda  and  potash  have 
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been  written  NO^ .  K  and  NO^ .  Na,  with  which  ther  formulae 
of  the  carbonates^  when  doubled^  CsOeCaj  and  Cs06Ba2i  have 
been  compared.  In  this  way  one  equivalent  of  soda  is  made 
isomorphous  with  two  of  barytes,  whilst  by  a  former  and 
similar  reasoning,  one  of  barytes  was  made  isomorphous  with 
two  of  soda.  Bisulphate  of  potfksh,  KO  .  SO,  +  HO  .SO, 
crystallizes  in  two  forms,  one  of  which  is  that  of  sulphur, 
a  simple  body,  and  the  other  of  which  is  that  of  feldspar, 
KO .  S3  +  AI3O3  •  SSoa*  Here,  in  neither  case,  is  there  the 
slightest  similarity  of  constitution. 

The  circumstances  of  isomorphous  replacement  may  be 
reduced  to  the  following  simple  propositions,  with  which  I 
shall  terminate  the  subject : 

Ist.  Similarity  of  crystalline  form  requires  that  the  mole- 
cular structure  of  the  bodies  shall  be  alike,  but  has  no 
necessary  reference  to  the  chemical  nature,  or  composition 
of  these  molecules.  Examples. — ^Nitrate  of  soda  and  carbo- 
nate of  lime,  sulphate  of  soda  and  perchlorate  of  barytes, 
bisulphate  of  potash  and  sulphur. 

2nd.  When  the  physical  molecules  consist  of  chemical 
elements  which  follow  the  same  laws  of  combination,  and 
which  belong  to  the  same  chemical  family,  the  similarity  of 
molecular  structure  is  most  completely  and  most  easily  pro- 
duced, and  such  crystals  are  isomorphous.  Examples.— ^Sul- 
phate of  zinc  and  sulphate  of  magnesia,  carbonate  of  lime 
and  carbonate  of  zinc,  sulphate  of  barytes  and  sulphate  of 
strontia. 

3rd.  But  identity  of  molecular  structure  may  result  from 
the  aggregation  of  substances  the  most  different  in  their 
chemical  relations ;  and  hence  isomorphous  bodies  are  not 
necessarily  of  similar  chemical  constitutions. 

4th.  As  the  influence  of  the  chemical  constitution  does 
not  extend  to  the  absolute  determination  of  the  molecular 
structure,  a  body,  chemically  the  same,  may  assume  in- 
compatible crystalline  forms,  and  so  become  dimorphous; 
but  as  the  chemical  structure  influences  the  molecular  ar- 
rangement in  some  degree,  dimorphous  bodies,  which  are 
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isomorplious  in  one  form,  are  generally  so  in  the  other,  they 
are  isodimorphous.  Examples. —  Sulphur,  bisulphate  of 
potash,  nitrate  of  potash  and  carbonate  of  lime,  garnet  and 
idocrase,  arsenious  acid  and  oxide  of  antimony. 

5th.  We  cannot  assert  that  the  similarity  of  form  of  tnily 
isomorphous  bodies  results  from  the  isomorphism  of  their 
elements,  for,  so  far  as  our  observation  goes,  their  simple 
constituents  are  not  necessarily  or  even  usually  isomorphous. 
Examples. — Arseniates  and  phosphates,  sulphates  and  sele- 
niates. 

6tb.  We  cannot  assert  that  isomorphism  results  from  the 
aggregation  of  the  same  number  of  simple  molecules ;  for  we 
do  not  know  what  bodies  are  truly  simple,  nor  do  we  know, 
without  doubt,  that  we  can  value  the  relative  number  of 
atoms  present ;  but,  even  in  the  existing  state  of  our  know- 
ledge, we  have  numerous  examples  of  bodies  truly  isomor- 
phous, which  contain  an  unlike  number  of  atoms  according 
to  our  present  ideas.  Examples. — Potash  and  ammonia, 
natrolite  and  mesotype,  sulphur,  feldspar  and  bisulphate  of 


Finally.  Isomorphism  does  result  from  the  aggregation, 
according  to  the  same  laws,  of  similar  molecular  groups, 
which  are  most  generally  formed  by  the  reunion  of  similar 
chemical  substances,  in  the  same  state  of  combination. 

SECTION  III. 

OF  DIMORPHISM   AND  ISOMERISM,  AND  OF  THE  THEORY 

OF  TYPES. 

The  fact  of  the  same  body  being  capable  of  crystallizing  in 
forms  belonging  to  two  different  systems,  has  been  already 
frequently  referred  to,  but,  for  convenience  of  reference,  a 
more  detailed  list  of  such  cases  is  here  inserted,  taken  from 
Professor  Johnston's  excellent  report  on  the  subject  made  to 
the  British  Association. 
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I.  EUmentary  Bodies : 
Sulphur,      .    •    . 


CtrboD, 


II.  Bi-ekmentmy  Compoundt : 
Dioxide  of  Copper,     •    . 


Diiulphuret  of  Copper, 


Sulphuret  of  Silver,    •  . 

»  •  • 
Sulphuret  of  Manganese, 

Buulphuret  of  Iron,  .  • 

Biniodide  of  Mercury,  . 

9 

Bichloride  of  Mercury,  . 

'  f  • 

Arsenious  acid,     .    .  . 


Oxide  of  Antimony,  .    . 

"  I  • 

III.  Compounds  qfS  Elements : 
Carbonate  of  Lime,    .    . 


Carbonate  of  Magnesia,  . 
Carbonate  of  Iron,    .    . 


Seleniate  of  Zinc,  .    . 

'  " '  » •    • 

Bisulphate  of  Potash, 


Biphosphate  of  Soda, 


Garnet, 


j> 


Carbonate  of  Lead,  .    . 

Nitrate  of  Potash,  •    . 

t 

Chromate  of  Lead,  .    . 

■               -  I         .,  , 

IV.  Compounds  qfA  or  more 
Elements : 

Sulphate  of  Nickel,  .    . 


Idocrase,      .    . 
Baryto-Calcite, 


Sulphato-Tricarbonate  of 
Lead, 


Symbol  or  Form. 


CugO 

CuS  or  Cu,8 

AgS  or  Ag,S 
Mn  S 
FeS, 
Hgl. 
HgCl. 
A8,0, 
Sb,0, 

CaO+CO, 
MgO+CO, 
FeO+CO, 
PbO+CO, 
KO+NO, 
PbO+CrO, 

NiO+SO,+7HO 
ZnO+ScO,+7HO 


KO+SO,+HO-f-SO, 

NaO+P.O.-PlHO 
or  NaH,P+8H 

Ca9Si+.^* 


CaO 
SrO 


} 


I? 

PbS-i-SPbC  I 


Crystalline  Form. 


/Rt.  Rh.  Pr.  M  on  M  101.59  Haid, 
\Oblique  Rh.  Pr.  of  90<»  32*  M. 
(  Reg.  Octohedron. 
\RhombohedraL 

Cube. 

Rh.  of  99*  15',  6-ttd.  Pr.  Rhomb. 

deav.,  Sk. 
Do.  primary  a  rhomb.  P.  on  P* 

=  71«  30'. 
Reg.  octohedrons. 

{Cube in  Silver  glance. 
Rhomboid. 
/Cubes. 
\  Rhomboid. 
/Cubes. 
\  Rt  Rh.  R.,  M  on  M'  106<>  2'. 

{Octohed.  with  square  base. 
RtRh.  Pr.  MM  =  n4». 
fRt.Rh.Pr.  MM  =  7 1-55. 
\  Octohed.  with  rect  base. 

{Reg.  octohedrons. 
Rt  Rh.  Pr. 
fDo.  Mon  M'136«58'. 
\Reg.  octohedrons. 

/Rhomb,  of  105» 4' If. 
IRtRh.  Pr.  oflieoid'JTu. 

{Rhomb,  of  lOO^  15'. 
Rt  Rh.  Pr. 
/Rhomb,  of  107*0. 
\Rt  Rh.  Pr.  108»  26',  118«  0'  t 
/Rhomboid  104»  53V? 
iRtRh.  Pr.of  117»14M:ii. 
/RtRh.Pr.MonM'=118'>52'£o. 
\  Rhomboid  of  106-36,  Fwl 

{Ob.  Rh.  Pr. 
Square  prism. 


/  Rt  Rh.  Pr.  M  on  M'  9lo  10'  Bk. 

\  Square  prism. 

/Rt  Rh.  Pr. 

(  Square  prism. 

^Rhombic  octohed.  (form  of  sul- 
phur) M. 
Ob.  Rh.  Pr.  (form  of  Felspar)  if, 
Rt  Rh.  Pr.  of  M  on  H'  93«  54'. 


[Do.      of 
^Reg.  dodecahedron. 


78«30'. 


.Square  prism. 
rOblique  Rh.  prism. 

Right  Rh.  prism  (form  of  arrago- 
f^    nite.) 

{Acute  rhomboid  of  72<»  80'. 
Rt  rhombic  prism*  M  on  M=i  120. 


*  Haidinger  says  an  oUique  rhombic  prism,  which,  according  Co  the  subaequent  meatorement 
of  Brooke,  is  incorrect    Bk.,  Brooke;  £«.,  Kupfer;  Lv,,  Levy;  Jf.,  Mitscherlich ;  iSSt.,  SndLow. 
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The  molecular  arrangements  which  produce  this  diversity 
of  form  are  not  in  general  of  equal  stability,  on  the  contrary, 
one  figure  appears  to  be,  in  general,  forced  upon  the  body, 
and  is  abandoned  by  it  upon  very  slight  disturbance.  Thus 
when  a  prism  of  arragonite  is  heated  in  the  flame  of  a  spirit 
lamp,  it  breaks  up  into  a  congeries  of  little  rhombs  of  com- 
mon calc  spar,  at  a  temperature  far  below  that  at  which 
the  carbonate  of  lime  commences  to  be  decomposed ;  but  no 
alteraUon  of  temperature  can  convert  calc  spar  back  again 
into  arragonite.  Indeed  arragonite  appears  to  be  formed  only 
between  very  narrow  limits  of  temperature.  When  chalk  is 
melted,  it  forms,  on  coofing,  marble,  whose  fracture  shews  it 
to  have  the  rhombohedral  structure,  and  when  carbonate  of 
lime  is  precipitated  at  ordinary  temperatures,  the  microscopic 
crystals  produced  are  rhombohedrons ;  but  when  it  is  preci- 
pitated from  a  boiling  solution,  it  deposits  minute  crystals 
of  arragonite,  which  a  higher  or  a  lower  temperature  should 
have  prevented. 

When  sulphur  has  been  crystallized  by  fusion  in  oblique 
rhombic  prisms,  these  lose  their  transparency  after  a  day  or 
two,  and  change  into  a  mass  of  very  minute  right  rhombic 
octohedrons.  When  the  arsenious  acid  is  crystallized  in 
rhombic  prisms,  it  alters  slowly,  and  eventually  becomes  a 
dull  white  mass,  which  is  a  congeries  of  regular  octohedrons, 
but  if  the  rhombic  form  of  the  acid  be  dissolved  in  muriatic 
acid,  and  the  solution  set  to  crystallize,  it  is  deposited  in  the 
octohedral  form,  and  the  formation  of  each  crystal  is  ac- 
companied by  a  brilliant  flash  of  light,  indicating  probably 
the  moment  of  the  change  of  molecular  condition.  One 
form  is,  therefore,  the  stable  Condition  of  arrangement ;  the 
other  being  produced  by  the  sudden  fixation  of  the  mole- 
cules, in  a  form,  which  is  naturally  only  transitive,  and  from 
which  they  free  themselves,  as  soon  as  the  external  circum- 
stances admit  of  their  suitable  motion  amongst  each  other. 

Independent  of  the  change  in  external  figure,  dimor- 
phous bodies  present  remarkable  differences  in  physical 
properties;  thus  the  density  is  generally  different ;  in  one  form 
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the  substance  is  more  soluble  than  in  the  other;  they  differ 
also  in  hardness,  and  generally  speaking,  in  all  characters 
derived  from  the  physical  arrangement  of  molecules. 

A  body,  in  its  dimorphous  conditions,  presents  frequently 
a  difference  of  chemical  properties  deserving  of  particular 
notice.  The  bisulphuret  of  iron,  in  its  cubical  form,  is  re- 
markably permanent,  not  being  acted  on  either  by  air  or 
water ;  but  in  its  right  rhombic  form,  when  exposed  to  moist 
air,  it  absorbs  oxygen  with  avidity,  and  is  converted  into 
a  crystalline  mass  of  copperas.  On  this  principle  depends, 
most  probably,  the  change  of  molecular  condition  which 
takes  place  in  oxide  of  chrome,  peroxide  of  tin,  zirconia, 
and  alumina,  when  exposed  to  a  temperature  just  below 
redness.  These  substances,  which  had  been  easily  soluble 
in  acids,  become  almost  totally  insoluble,  except  in  boiling 
oil  of  vitriol,  and  this  change  is  generally  accompanied  by 
the  spontaneous  ignition  of  the  body,  which  the  temperature 
applied  would  be  quite  insufficient  to  produce. 

Independent  of  crystalline  form,  we  must  refer  to  circum- 
stances similar  to  those  which  produce  dimorphism,  a  variety 
of  differences  in  physical  constitution,  observable  in  certain 
bodies ;  thus,  melted  sulphur  is,  at  230^  F.,  perfectly  Uquid; 
on  being  heated  to  430^  it  becomes  thick,  and  so  tenacious 
that  the  vessel  containing  it  may  be  inverted,  without  it 
running  out ;  when  heated  further  to  480^,  it  becomes  again 
liquid,  and  continues  so  till  it  begins  to  boil.  When  the  red 
oxide  of  mercury  is  heated  nearly  to  redness,  it  becomes 
almost  quite  black.  If  the  red  iodide  of  mercury,  formed 
by  precipitation,  be  sublimed,  it  becomes  yellow;  but  if  the 
sublimed  mass  be  scratched  with  a  pin,  the  edges  of  the 
scratch  turn  red,  and  the  redness  spreads  from  thence, 
until  the  whole  mass  is  converted  into  its  original  condition. 
Even  in  liquids  and  gases,  this  di£ference  in  molecular  condi- 
tion, whether  produced  by  temperature  or  by  other  causes, 
appears  frequently  to  occur.  Thus,  the  liquid  hyponitrous 
acid  (NO3)  is  deep  green  at  60%  but  at  4**  it  is  quite  colour- 
less ;  and  the  deep  red  gas  of  nitrous  acid  (NO4)  becomes. 
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when  heated  to  212^,  absohitely  black  and  opaqoe*  The 
compomid  of  starch  and  iodine,  so  beautifully  blue^K^oIoured 
at  ordinary  temperatures,  becomes  colourless  when  heated 
to  £00^9  but  acquires  its  original  tint  in  proportion  as  it 
again  cools.  In  all  such  cases,  there  is  scarcely  room  to 
doubt  but  that  if  we  had  as  perfect  methods  of  determining 
the  molecuIa.r  structure,  as  is  afforded  by  the  measure  of 
the  angles  and  the  optical  properties  of  the  bodies,  when 
crystallised,  we  should  find  these  phenomena  to  depend  upon 
causes  of  the  same  kind. 

Id  solid  bodies,  a  diflference  of  molecular  structure,  fully 
equivalent  to  that  to  which  dimorphism  may  be  referred, 
is  capable  of  being  produced  by  y]»ry  simple  means.  Thus, 
when  a  plate  of  glass  is  compressed  by  means  of  a  screw 
it  assumes  a  doubly  refracting  structure,  and  giTcs  with 
polarized  light,  a  cross  and  rings,  variously  disposed  according 
to  the  direction  of  the  pressure.  In  this  case,  the  change  of 
structure  arises  necessarily  from  an  increase  of  density  in  the 
compressed  portions ;  but  the  same  effect  may  be  produced 
by  the  converse  process ;  a  plate  of  glass  which  has  been 
suddenly  cooled  from  having  beei\.  red  hot,  assumes  a  similar 
doubly  refracting  and  polarizing  structure,  although  here  the 
density  is  diminished  in  place  of  being  increased.  I  have 
Ibund  the  sp.  gr.  of  glass,  suddenly  chilled,  to  be  about  y^ 
less  than  that  of  glass  of  the  same  kind,  which  had  cooled 
slowly,  indicating,  that  the  volume  was  the  same  that  it  had 
occupied  at  a  dull  red  heat,  and  that  hence  the  internal 
molecules  were  arranged  so  as  to  occupy  a  greater  space 
than  in  the  usual  condition. 

The  diflferences  of  chemicd  properties  may,  however, 
proceed  much  further,  so  that  in  place  of  considering  that 
there  is  one  chemical  substance  which  may  exist  in  two  mo- 
lecular conditions,  we  are  obliged  to  consider,  that  the 
individuality  of  the  body  is  lost,  and  that  in  its  two  forms,  it 
constitutes  two  distinct  and  independent  chemical  substances. 
Thus,  by  the  action  of  sulphuric  acid  on  alcohol,  we  obtain 
a  gas  consisting  of  carbon  and  hydrogen,  in  the  proportion 

2c 
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of  an  equivalent  of  each.  In  the  destructive  distillation  of 
woodf  a  solid  substance  is  obtained^  fusible  like  wax,  and 
volatile  only  at  a  high  temperature ;  this  consists  also  of 
carbon  and  hydrogen,  and  in  the  same  proportions.  These 
elements,  so  combined,  present,  therefore,  a  difference  in 
molecular  arrangement,  still  greater  than  those  which  have 
been  observed  amongst  merely  dimorphous  bodies,  and 
when  we  examine  their  chemical  relations,  the  diversity 
becomes  still  more  mkrked.  The  gas  (defiant  gas)  is  re- 
markable for  the  number  of  compounds  to  which  it  gives 
rise,  and  has  been,  from  the  variety  of  its  re-actions,  of  great 
influence  on  the  existing  theories  of  organic  chemistry.  The 
solid  is  inattackable  even  by  the  strongest  agents,  and  fr(mi 
its  total  indifference  to  combination,  has  been  called  para£5ne, 
(parum  affinis.)  In  this  case,  the  difference  of  properties 
indicates  a  difference  of  structure,  much  more  profound 
than  that  by  which  change  of  density,  colour,  or  even  crys- 
talline arrangement  could  have  its  source ;  it  is  not  merely 
that  the  molecules  are  differently  placed,  but  that  the  mole- 
cules are  different;  the  carbon  and  hydrogen  which  unite  to 
constitute  the  chemical  equivalent  of  the  body  are,  them- 
selves, differently  arranged,  and  thus  give  rise  to  difference 
of  properties,  and  the  physical  molecules  formed  by  their  re- 
union being  again  grouped  according  to  dissimilar  laws, 
produce  the  diversity  of  physical  properties  and  states  of 
aggregation;  the  bodies  being  thus  in  every  property  unlike, 
are  to  be  looked  upon  as  independent  substances ;  they  are 
said  to  be  isomeric  (from  lo-oc  /ucpoc)  because  they  have  the 
same  ultimate  composition,  but  in  all  their  chemical  rela- 
tions they  may  differ  as  widely  as  bodies  which  have  no 
element  in  common. 

When,  therefore,  the  groups  of  chemical  molecules  are 
differently  arranged,  the  various  differences  in  colour,  den- 
sity, solubility,  and  figure,  which  belong  to  dimorphous 
bodies  are  produced;  but  when  the  difference  of  arrangement 
extends  to  the  chemical  constituents  of  these  molecular 
groups,  independent,  but  isomeric,  bodies  are  produced. 
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It  18  generally  found,  that  this  difference  in  the  constitu- 
tion of  the  chemical  molecule  has  the  effect  of  changing,  in  a 
simple  manner,  the  equivalent  number  of  the  body.  Thus, 
oil  of  turpentine,  and  oil  of  citron,  are  isomeric,  each  having 
the  composition  C5H4,  but  when  we  combine  these  oils  with 
muriatic  acid,  we  find,  that  the  equivalent  group  of  oil  of 
turpentine  contains  C9OH10,  whilst  that  of  oil  of  citron  is 
only  CioHe;  it  is  remarkable,  that  though  the  chemical  group 
of  oil  of  citron  is  only  one-half  the  weight  of  that  of  oil  of 
turpentine,  it  exercises  the  same  power  of  circular  polariza- 
tion, but  in  the  opposite  direction.  Another  example  of  this 
simplicity  of  proportion  in  weight  between  the  equivalents  of 
isomeric  bodies,  is  met  with  in  common  alcohol  and  methylic 
ether ;  that  of  the  former  being  C4H6O2J  that  of  the  latter 
being  C2H30. 

The  difference  of  the  chemical  constitution  in  isomeric 
bodies  is  not  limited  to  magnitude,  as  determined  by  the 
weight  of  their  equivalent,  but  extends  to  internal  structure. 
Thns,  alcohol  is  composed  of  ether  and  water,  C4H5O  +HO 
whilst  methylic  ether  cannot  be  resolved  into  those  sub- 
stances. Formiate  of  methylene,  and  glacial  acetic  acid,  are 
each  C4H4O4,  not  differing  even  in  the  weight  of  their  equi- 
valent, but  all  the  properties  of  these  bodies  shew,  that 
glacial  acetic  acid  is  C4H3O3  -f-HO,  whilst  formiate  of  me- 
thylene is  CsHOa  +  CaHaO.  Instances  of  this  kind  might  be 
multiplied  to  any  extent,  but  these  will  be  sufficient  to  iUus* 
trate  the  principle* 

It  is  necessary,  however,  in  studying  such  cases  of  isome-' 
rism,  to  bear  in  mind  what  has  been  so  beautifully  shown  by 
Graham^  that  the  presence  of  foreign  bodies,  in  quantities  so 
small  as  to  be  totally  unappreciable,  except  in  the  most  rigidly 
accurate  analysis,  may  change  so  completely  the  properties 
of  bodies,  that  they  shall  simulate  isomerism.  Thus,  phos- 
phuretted  hydrogen  may  exist  in  two  conditions,  in  one  of 
which  it  is  spontaneously  inflammable,  and  in  the  other  not 
They  both  give,  on  analysis,  the  same  formula,  PH3,  but  the 
first  may  be  changed  into  the  second,  by  mere  admixture 
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with  a  Tery  small  quantity  of  the  Tapour  of  ether;  and 
the  second  may  he  conTerted  into  the  first,  by  the  most 
minute  bubble  of  nitrous  acid  gas.  Such  bodies,  therefore, 
which  owe  their  diversity  of  properties  to  accidental  circum- 
stances, are  not  isomeric,  and  must  be  carefully  distinguished 
from  those  before  described. 

As  we  have  thus  traced  a  gradual  transition  from  the 
feeblest  indications  of  dimorphism,  to  the  complete  dif* 
ference  of  structure  and  properties  constituting  isomerism, 
it  becomes  an  interesting  question,  whether  we  may  not  have 
occasion  to  retrace  our  steps,  and  to  seek  in  those  bodies 
which  we  have  hitherto  considered  as  only  differing  in  phy- 
sical properties,  for  evidence  of  difference  in  chemical  ar« 
rangement.  May  not  a  simple  substance,  as  sulphur  or 
antimony,  enter  into  combination  with  equivalents  of  different 
weights,  and  so  resemble  oil  of  turpentine  and  oil  of  citron ; 
and  may  not  this  difference  in  equivalents  be  the  source  of 
diversity  in  form  7  When  sulphur  crystallises  in  the  form 
of  bisulphate  of  potash,  may  we  not  reasonably  suppose  that 
its  molecules  are  grouped  into  a  complex  figure,  Cke  that  of 
the  compound  salt,  and  that  its  equivalent  is,  in  proportion, 
greater  than  when  it  crystallizes  as  a  simple  body?  We  say 
that  two  ordinary  equivalents  of  manganese  replace  one  of 
chlorine,  but  is  it  not  really  that  when  manganese  replaces 
chlorine,  its  equivalent  is  double  what  it  is  when  it  replaces 
hydrogen  or  copper  ?  Manganese  replacing  chlorine,  is  to 
manganese  replacing  copper,  what  oil  of  turpentine  is  to 
oil  of  citron ;  and  hence,  it  may  be  isomeric  with  itself,  for 
the  functions  it  performs  in  its  two  modes  of  combination 
are  the  most  widely  different  possible.  The  bisulphuret  of 
iron,  in  its  cubical  form,  is  FeSt,  and  like  MnOa,  is  decom- 
posed only  by  a  red  heat,  when  it  parts  with  one-third  of  its 
volatile  constituent;  but  in  its  rhombic  form,  may  not  its 
equivalent  be  Fe3S4,  resembling  CIO4,  and  like  it,  be  decom- 
posed by  the  slightest  causes  ? 

The  circumstance  that  isomeric  bodies  are  almost  univer- 
sally connected  by  simple  relations  between  their  atomic 
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weights,  coupled  with  the  idea,  that  even  amongst  the 
simple  bodies,  a  kind  of  isomerism  may  be  the  cause  of 
their  dimorphous  conditions,  acquires  remarkable  interest 
from  the  fact,  that  the  equivalent  numbers  of  many  of  the 
simple  bodies  are  closely  related  to  one  another,  as  is  shown 
in  the  following  table* 

1|  equivalent  of  bismuth  =  106-66 

2  „  palladium     .     .  106-72 


2    equivalent  of  osmium   • 
1  „  gold   .     . 

I    equivalent  of  platina     . 
I  „  iridium    . 

1    equivalent  of  molybdenum 
I  '  „  tungsten  . 

1    equivalent  of  zinc     .     , 

1  „  yttrium 
i            „          antimony 
i           „  tellurium 

2  „  sulphur  . 

1    equivalent  of  cobalt 
1  „  nickel 

i  „  tin       .     , 


199-72 
199-21 

98-84 
98-84 

47-96 
47-40 

32-31 
32-25 
32-40 
32-13 
32-24 

29  57 

.    29-62 

29-46 


May  it  not  be  possible  that  science  shall  hereafter  find 
the  metals  so  connected,  to  be  truly  isomeric  ?  In  no  case 
are  their  properties  more  different;  and  we  find,  in  the 
raoemic  and  tartaric  adds,  an  example  of  the  general  simi- 
larity of  properties  in  the  compounds  of  isomeric  bodies, 
which  is  so  remarkable  in  the  combinations  of  sulphur  and 
telhiriamy  or  of  cobalt  and  nickel,  amongst  the  simple  sub- 
stances. 

Considerable  probability  is  given  to  the  idea  of  the  com- 
pound nature  of  bodies,  at  present  considered  simple,  by  the 
existence  of  certain  compound  bodies,  which  simulate  the 
properties  of,  and  enter  into  combination  subject  to  the 
tame  laws  as  the  undecompounded  substances.    Thus,  car- 
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bon  and  hydrogen  unite  to  form  a  gas,  cyanogen,  whiclr 
combines  with  the  metals,  with  oxygen,  with  hydrogen, 
&c.,  precisely  as  chlorine  does ;  it  is  the  origin  or  root 
of  a  series  of  cyanides,  as  chlorine  is  of  a  series  of  chio* 
rides,  and  it  is  hence  called  a  compound  radical.  The 
discovery  of  this  principle  by  Gay-Lussac,  was  the  foun- 
dation of  all  that  is  exact  and  philosophical  in  our  views 
of  organic  chemistry.  Bodies  which  contain  the  same  ulti« 
mate  elements,  may  be  different,  because  they  contain  dif- 
ferent radicals,  precisely  as  the  salts  of  nickel  and  the  salts 
of  cobalt  will  remain  quite  distinct,  even  should  nickel  and 
cobalt  be  hereafter  shown  to  be  isomeric  bodies.  This 
principle  of  compound  radicals  is  so  beautiful,  and  so  easily 
applied,  that  its  use  has  been,  as  I  conceive,  somewhat  too 
extensively  adopted;*  and  hence,  wherever  simplicity  of  ex- 
pression was  sought  for,  or  a  difference  of  properties  was  to 
be  explained,  the  formulsB  of  organic  bodies  were,  perhaps, 
too  hastily  grouped,  by  the  assumption  of  a  hypothetic 
radical,  of  which  the  d]£ferent  bodies  of  the  series  were 
supposed  to  be  combinations.  It  is  certain  that,  in  many 
cases,  this  plan  has  been  of  great  use  to  science,  as  in  the 
benzyle  theory  of  liebig,  and  in  the  ether  and  ammonia 
theories  proposed  by  Berzelius  and  myself;  but  I  consider  the 
degree  to  which  it  has  latterly  been  extended,  by  which  the 
existence  of  a  great  variety  of  bodies  has  been  assumed,  for 
which  there  is  scarcely  any  reason,  except  some  additional 
simplicity  of  formulas,  which  often  served  to  conceal  the 
truth,  to  have  been  productive  of  much  disadvantage  to  true 
science  and  a  misdirection  of  thought,  which  we  should 
seek  as  much  as  possible  to  avoid. 

In  all  that  has  been  described  of  the  arrangement  of  the 
elements  of  compound  bodies,  their  union  has  been  con- 
sidered as  resulting  from  their  antagonistic  and  mutually 
neutralizing  properties,  and  that  the  successive  stages  of 
composition  were  effected  in  binary  groups :  thus,  crystal- 
lized alum  is  a  compound  of  water  and  dry  alum ;  this  last, 
a  compound  of  sulphate  of  potash  and  sulphate  of  alumina; 
these  respectively  compounds  of  sulphuric  acid  and  a  base 
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which  consists  of  oxygen  united  to  a  metal ;  the  salphuric 
acid  itself  heing  formed  by  the  union  of  oxygen  and  sulphur. 
This  yiew  results  necessarily  from  what  has  been  said  of  the 
nature  of  chemical  aiffinity,  and  expresses  faithfully  the  prin- 
ciple upon  which  the  electro-chemical  theory  has  been  form- 
ed; there  is  no  doubt  but  that  the  constitution  of  inorganic 
bodies  is  regulated  in  this  way»  but  we  meet  with  consider- 
able difficulty  in  applying  its  principles  to  organic  chemistry. 
Thns^  I  myself  suggested  a  few  years  ago^  that  the  formic  and 
acetic  acids  should  be  looked  upon  as  oxides  of  compound 
radicals^  formyle  and  acetyle,  C2HO3  =:  F0O3  and  €411303  = 
AcOs  by  which  means  a  variety  of  bodies  of  analogous  con- 
stitution were  simply  connected  together,  as  the  formyle  or 
acetyle,  which  combine  with  oxygen  to  form  those  vegetable 
acids,  combine  with  iodine,  chlorine,  sulphur,  and  cyanogen, 
to  form  binary  compounds,  precisely  as  manganese  (a  simple 
radical)  combines  with  oxygen  to  form  manganic  acid,  and 
with  chlorine,  &c.,  to  form  an  analogous  series  of  bodies.  I 
am  far  from  abandoning  this  view:  the  question  of  its  full 
apph'cability  will  be  discussed  amongst  the  general  laws  of 
organic  chemistry,  but  at  present  we  will  attend  to  only  one 
drcumstance  connected  with  it.  Hydrated  acetic  acid  is 
formed  from  alcohol,  by  the  latter  losing  two  equivalents  of 
hydrogen,  and  gaining  two  of  oxygen  in  their  place,  and  in 
fike  manner,  hydrated  formic  acid  is  produced  from  pyrox- 
ylic  spirit,  by  losing  H^  and  gaining  O3,  thus : — 

Alcohol,     .    .      C4H6O2        Pyroxylic  spirit,   CaH402 
gives  by,  —  Ha  4-  O2  gives  by,     —  H2  -|-  O2 


Hydrated  acetic  acid,  C4H4O4.  Hydrated  formic  acid,  C2H2O4. 

Now,  if  acetic  acid  contains  acetyle,  does  it  exist  in  alco- 
hol ;  or  must  we  consider,  that  by  the  gradual  process  of 
oxidation,  the  molecular  structure  of  the  alcohol  is  totally 
broken  up,  and  that  the  acetic  acid  formed  has  no  natural  or 
necessary  connexion  with  it. 

We  owe  to  Dumas  the  introduction  of  a  principle  into 
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organic  cheniistry»  which  applied  to  changes  sach  as  those 
described  above,  promises  to  shed  considerable  light  upon 
the  reactions  and  constitution  of  organic  bodies ;  bat  it  yet 
involves  conditions  so  opposed  to  our  present  ideas  of  che- 
mical affinity,  that  we  can  only  look  on  it  as  a  proposition 
which  merits  profound  attention.  He  considers  that  the 
elements  of  organic  bodies  are  not  united  by  affinity  arising 
from  opposition  of  properties,  but  that  they  represent  a 
group  of  molecules  connected  by  a  single  force,  precisely  as 
the  planetary  masses  are  by  gravitation,  and  just  as  any  of 
the  planets  might  be  replaced  in  the  solar  system  by  a  ball 
of  matter  of  totally  di£ferent  chemical  properties,  provided 
its  gravitating  mass  remained  the  same,  without  disturbing  in 
the  least  the  conditions  of  mechanical  equilibrium ;  so,  in  an 
organic  substance  elements  of  the  most  diverse  characters 
may  be  substituted  for  each  other,  and  yet  the  molecular 
group  remain  unaltered  in  structure  and  physical  constitu* 
tion.  Thus,  the  molecular  group  of  alcohol  (C4H«09)  con- 
tains twelve  chemical  atoms*  When  it  is  changed  into  acetic 
acid  (C4H4O4)  the  number  of  chemical  atoms  is  the  same ; 
the  mechanical  type  of  the  body  is  unaltered,  although  ita 
chemical  properties  are  completely  changed  and  a  new  sub- 
stance formed.  Bodies,  therefore,  are  classified  by  Dumas 
according  to  certain  types  or  models.  When  the  number  of 
molecules  in  the  equivalents  of  the  bodies  remains  the  same 
whilst  the  nature  of  the  elements  changes,  the  bodies  have 
the  same  mechanical  type  ;  but  if  the  substitution  of  elements 
is  accompanied  by  a  change  of  properties,  the  chemical  type 
of  the  original  body  is  destroyed.  Thus,  alcohol  and  acetic 
acid  have  not  the  same  chemical  type. 

When  acetic  acid  is  treated  with  chlorine,  it  loses  three 
equivalents  ofhydrogen  and  gains  three  of  chlorine,  (C4H4O4— 
H3  +  CI3  =  C4CI3HO4,)  forming  chloro-acetic  acid.  The  sum 
of  the  molecules  is  here  twelve,  and  this  substance  has  the 
same  mechanical  type  as  alcohol  and  common  acetic  acid ; 
but  in  changing  to  this  body,  common  acetic  acid  scarcely 
changes  its  properties,  and  hence  is  said  to  retain  its  cbemi- 
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•cal  type.  When  ether  (C4H5O)  k  trated  with  chlorine^  its  hy^^ 
drogeii  is  totally  replaced  by  chlorine^  and  the  bodyj  (C4CUO) 
chlorine  ether^  is  produced;  the  number  of  molecules  being 
the  s^meg  the  mechanical  type  is  preserved;  but  more,  the 
chlorine  ether  combines  with  acids  forming  salts  like  those 
of  common  ether^  which  it  resembles  in  all  essential  chemical 
characterSy  and  hence,  in  this  case,  the  chemical  type  is 
undisturbed,  notwithstanding  the  total  substitution  of  chlo« 
tine  for  hydrogen,  a  body  differing  from  it  so  much  in 
general  eh^aeters. 

The  question,  how  far  this  theory  of  types  should  be 
adopted,  and  how  far  the  law  of  substitution  on  which  it 
rests  is  verified  by  experiment,  will  be  hereafter  examined. 
The  theory  is  here  only  noticed  as  involving  important  rela- 
tions between  the  mechanical  structure  and  the  chemical 
constitution  of  organic  bodies. 

SECTION  IV. 

OF    CATAL7SIS. 

The  decomposition  of  compoandbodies  is  frequently  effect* 
edby  the  intervention  of  causes,  which  cannot  be  referred  to 
ordinary  affinity ;  and  in  many  cases,  bodies  which  have  but 
little  tendency  to  unite,  enter  into  combination  when  brought 
into  contact  with  a  substance  for  which  neither  has  affinity, 
and  which  remains,  afifcer  the  action  is  completed,  perfectly 
unaltered.  Thus,  when  hydrogen  and  oxygen  mixed  to- 
gether, in  a  gaseous  form,  are  brought  into  contact  with  a 
clean  slip  of  platinum,  they  gradually  unite ;  and  so  much 
heat  may  be  evolved  by  their  rapid  combination,  as  to  ignite 
the  platinum,  and  explode  the  remainder  of  the  gas.  In 
this  case,  we  seek  to  explain  the  phenomenon,  by  supposing 
that  the  platinum  condenses  powerfully  on  its  surface  a  layer 
of  mixed  gaseous  particles,  and  thus  brings  them  within  the 
sphere  of  their  mutual  attraction.  But  this  explanation  does 
not  appty  to  other  cases.  If  we  boil  starch  (CisHioOi^)  with 
diluted  sulphuric  acid,  it  is  converted  successively  into  dex* 
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trine^  gum,  starch-sugar,  and  finally  crystallizaUe  grape 
sugar,  (CuHisOis)  haying  associated  to  itself  the  constituents 
of  two  equiralents  of  water.  At  the  termination  of  the  pro* 
cess,  the  sulphuric  acid  is  found  unaltered  in  properties  and 
in  quantity ;  so  that  the  smallest  portion  of  sulphuric  acid 
is  sufficient  to  convert  into  sugar,  an  indefinitely  great  quan<' 
tity  of  starch.  If  oxamide  (C20aNH8)  be  diffused  through 
water,  in  contact  with  the  smallest  possible  quantity  of  ox* 
alic  acid,  it  gradually  disappears,  and  appropriating  to 
itself  the  elements  of  an  equivalent  of  water,  is  converted 
into  neutral  oxalate  of  ammonia,  (C2O3+NH3),  the  small 
quantity  of  oxalic  acid  originally  added  remaining  unal* 
tered  and  in  excess. 

Among  instances  of  decomposition  by  forces  of  this  land, 
the  oxygenated  water  (HO^  may  be  taken  as  an  example* 
This  substance,  when  pure,  separates  spontaneously,  after 
some  time,  into  water  and  oxygen  gas,  but  its  decomposition 
may  be  rendered  violent  and  instantaneous,  by  putting  it 
into  contact  with  finely  divided  metallic  platinum,  or  me^ 
tallic  silver,  or  black  oxide  of  manganese,  or  fibrine,  or  a 
variety  of  other  bodies.  In  all  these  cases  the  body  added 
remains  quite  unaltered ;  no  affinity  can  be  traced  between 
it  and  the  oxygenated  water,  the  mere  presence  of  the 
foreign  body  appearing  to  cause  the  decomposition. 

Berzelius,  who  first  directed  general  attention  to  these 
phenomena,  proposed  to  attribute  them  to  a  peculiar  force, 
differing  from  ordinary  affinity.  When  one  body  is  decom- 
posed by  another,  in  virtue  of  a  superior  affinitary  power^ 
the  decomposing  body  combines  with  one  element  of  the 
body  which  is  decomposed,  and  the  other  is  then  expelled. 
It  is  in  this  way  that  we  obtain  the  constituents  of  bodies  by 
ordinary  analysis,  and  for  distinction,  he  proposes  to  term 
such  decompositions  as  those  just  described,  operations  of 
catalysts,  and  to  name  the  power  which  these  bodies  have  of 
acting  by  mere  contact,  a  catalytic  force. 

It  is  evident,  certainly,  that  by  giving  a  name  to  this  class 
of  phenomena,  we  are  enabled  usefully  to  contemplate  them  as 
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a  group,  and  to  examine,  more  easily,  their  relations  to  each 
other  and  to  ordinary  action ;  yet  the  word  catalysis  really 
teaches  us  nothing  of  the  phenomena,  and  that  it  is  indeed 
improbable,  that  such  varied  cases  of  union  and  separation 
should  be  derivable  from  one  single  force.  It  is  hence  neces- 
sary, before  concluding  on  the  nature  of  this  action,  to  trace  it 
through  a  greater  variety  of  cases,  and  to  revert  briefly  to 
the  conditions  of  affinity  by  which  the  elements  of  compound 
bodies  are  held  together. 

The  elements  of  a  compound  substance  are  retained 
together  in  a  certain  molecular  arrangement,  because  the  affi- 
nities  are  then  satisfied ;  but  it  is  natural  to  suppose,  that  whilst 
the  elements  remain  the  same,  their  affinities  for  each  other 
might  be  just  as  completely  satisfied  by  a  diffisrent  molecular 
arrangement.  The  original  body  might  therefore  be  changed 
into  another,  by  a  change  in  the  action  of  its  own  particles, 
independent  of  any  substance  acting  chemically  on  it  from 
without ;  and  hence  the  principle  of  catalytic  decomposition 
resolves  itself  into  a  means  of  disturbing  the  molecular  equi- 
librium of  a  compound  body,  so  that  it  can  be  only  restored 
when  the  particles  are  diffisrently  arranged.     Catalysis  may, 
therefore,  be  produced  not  merely  by  the  presence  of  various 
bodies,  but  still  more  remarkably  by  the  action  of  physical 
agents,  amongst  which,  heat  is  the  most  powerful;  thus, 
when  acetate  of  lime  (C4H304Ca)  is  strongly  heated,  the 
equilibrium  of  its  molecular  group  is  overturned,  and  when 
the  affinities  again  satisfy  themselves,  two  new  bodies  result, 
acetone  and  carbonate  of  lime  (C3H3O  and  COaCa.)   Destruc- 
tive distillation  is  therefore  a  catalytic  process,  and  the  origin 
of  all  pyrogenic  products  is  to  be  traced  to  the  new  condi- 
tions under  which  the  affinities   are  satisfied,  which  had 
originally  united  the  elements  of  the  body  exposed  to  heat. 
The  sudden  decomposition  of  explosive  bodies  by  an  eleva- 
tion of  temperature,  or  by  a  slight  blow,  is  traceable  to  the 
same  disturbance  of  the  old  equilibrium,   and  establishment 
of  the  new.     A  most  important  means  of  thus  setting  into 
motion  the  particles  of  bodies,  and  enablmg  them  to  rearrange 
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CbemseWes  under  new  formsi  conBists  in  bringing  them  into 
contact  with  a  substance  ahready  in  a  state  of  decomposition; 
thus  if  oxygenated  water  be  brought  into  contact  with  oxide 
of  silver,  the  decomposition  is  propagated  to  the  latter^ 
which  is  completely  resolved  into  oxygen  and  metallic  silver ; 
if  peroxide  of  lead  be  used,  it  is  converted  into  protoxide  by 
the  escape  of  half  its  oxygen,  and  even  the  black  oxide  of 
manganese  may  be  reduced  to  the  state  of  protoxide,  if  the 
solution  contain  an  acid ;  in  all  these  cases,  the  decomposi* 
tion,  which  commenced  with  the  oxygenated  water,  extends 
to  the  metallic  oxide,  in  virtue  of  the  motion  communicated 
to  their  particles,  enabling  the  new  arrangement  to  be  effected* 
In  some  instances,  in  organic  chemistry,  this  principle  is  still 
more  beautifully  shown.  If  a  solution  of  sugar  (CuHnOn) 
be  brought  into  contact  with  a  little  decomposing  gluten  or 
yeast,  it  unites  with  the  elements  of  an  equivalent  of  water, 
and  divides  itself  into  two  equivalents  of  alcohol,  2  (C^H^Oa)^ 
and  four  of  carbonic  acid,  4  (COt.)  If  a  solution  of  urea 
(CONH3)  be  put  in  contact  with  yeast,  it  unites  also  with  an 
atom  of  water,  and  is  then  decomposed  into  an  equivalent  of 
ammonia  (NH3)  and  one  of  carbonic  acid.  The  conversion 
of  starch  into  sugar  in  the  processes  of  germination  and  of 
malting  is  effected  by  a  substance  which  accompanies  the 
starch  in  the  grain*  This  substance  is  called  diastase,  and 
is  analogous  in  most  of  its  properties  to  vegetable  gluten. 
The  slow  decomposition  of  the  diastase  communicates  to  the 
molecules  of  many  thousand  times  its  weight  of  starch,  the 
degree  of  motion  necessary  for  their  rearrangement,  and  the 
appropriation  of  the  elements  of  water  requisite  for  the  for- 
mation of  starch  sugar. 

If  platinum,  which  is  by  itself  totally  unacted  on  by  nitric 
acid,  be  alloyed  with  silver,  the  alloy  dissolves  in  dilute 
nitric  acid  without  leaving  any  residue.  Pure  copper  is  not 
acted  upon  by  dilute  sulphuric  acid;  but  when  it  is  alloyed 
with  nickel  and  zinc,  as  in  the  argentine  or  German  silver  of 
commerce,  it  dissolves  completely.  In  these  cases  the  mole- 
cular action  which  produces  the  combination  w^ith  the  acid. 
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was  not  possessed  by  the  platina,  or  copper,  when  alone,  but 
is  acquired  by  them ;  being  transmitted  from  the  other  me- 
tals with  which  they  are  alloyed. 

It  may  not  be  easy  to  reduce  to  the  action  of  this  prin- 
ciple all  phenomena  of  catalysis ;  for,  in  the  imperfect  light 
by  which  we  contemplate  them,  it  is  possible  that  we  may 
rank  together  circumstances  whose  real  nature  is  very  dif- 
ferent; but,  at  all  events,  we  must  recognize  in  this  principle^ 
the  definite  introduction  of  which  into  science  is  due  to  Lie- 
big,  a  cause  of  chemical  decomposition  peculiarly  important 
in  explaining  the  complex  reactions  of  organic  bodies.  It  is 
remarkable,  also,  that  this  law,  of  which  the  simplest  expres<^ 
sion  is,  that  where  two  chemical  substances  are  in  contact, 
any  motion  occurring  amongst  the  particles  of  the  one  may 
be  communicated  to  the  particles  of  the  other,  is  of  a  more 
purely  mechanical  nature  than  any  other  principle  as  yet 
received  in  chemistry ;  and  when  more  definitely  established 
by  succeeding  research,  it  may  be  the  basis  of  a  dynamical 
theory  in  chemistry,  as  the  law  of  equivalents  and  of  multiple 
eombination  expresses  the  statical  condition  of  bodies  which 
unite  by  chemical  force* 

We  must,  at  least,  look  upon  these  actions  of  catalysis, 
the  conditions  of  molecular  arrangement  which  give  rise  to 
isomerism  and  dimorphism,  and  the  introduction  of  the 
principle  of  types  in  opposition  to  that  of  mere  binary  com«« 
bination,  as  tending  towards  a  change  in  our  ideas  of  the 
nature  of  chemical  affinity,  which  may,  before  long,  remodel. 
the  whole  constitution  of  the  science. 


CHAPTER  XI. 

ON  THE  CLASSIFICATION  OF  THE  ELEMENTARY  BODIES. 

The  principal  classificationa  of  the  simple  bodies  that  have 
been  proposed  are  those  ofBerzeUus,  founded  on  their  electro- 
chemical relations^  and  of  Thompson,  who  divided  them  into 
supporters  and  non-supporters  of  combustion.  It  has,  how* 
ever>  been  fully  shown,  that,  in  combustion,  each  body  is 
mutually  a  supporter  and  a  combustible :  oxygen  bums  in 
hydrogen  or  in  the  vapour  of  sulphur,  just  as  much  as 
hydrogen  or  sulphur  bum  in  oxygen  ;  Thompson's  prin- 
ciple is,  therefore,  radically  defective ;  and  the  electro-che- 
mical theory,  although  far  superior  as  a  principle,  is  liable 
to  weighty  objections  of  a  somewhat  similar  kind.  These 
have  been  already,  however,  so  far  noticed,  and  the  arrange- 
ment of  the  simple  bodies  in  that  series  so  fully  given,  p.  303, 
that  it  is  unnecessary  to  recur  further  to  the  subject. 

The  kind  of  classification  that  is  suited  to  the  present 
wants  of  chemistry,  must  be  founded  upon  the  general  analogy 
of  properties,  between  substances  belonging  to  the  same  class, 
and  on  their  isomorphous  replacement  of  one  another.  This 
last  character  is  not  absolute ;  for,  from  the  dimorphism  of 
many  of  the  simple  bodies,  it  is  often  difficult  to  assign  their 
true  crystalline  relations  to  each  other,-  and  in  many  cases 
we  do  not  possess  any  positive  information  of  their  forms. 

Graham  has  recently  proposed  a  classification  which  ex* 
presses,  more  completely  than  any  other,  the  natural  relations 
of  the  simple  bodies.  The  first  class  consists  of  oxygen, 
sulphur,  selenium,  and  tellurium.  The  parallelism  in  pro- 
perties of  the  three  last  is  complete,  and  their  compounds 
are  strictly  isomorphous ;  their  similarity  to  oxygen  is  not  so 
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perfect,  but  they  resemble  it  in  their  method  of  combination 
and  in  the  characters  of  the  substances  which  they  form  in 
uniting  with  hydrogen  and  the  metals. 

The  second  class  comprises  magnesiuroi  calcium,  manga-^ 
nese,  iron,  cobalt,  nickel,  zinc,  cadmium,  copper,  hydrogen, 
bismuth,  chromium,  aluminum,  glucinum,  vanadium,  zirco* 
nium,  yttrium,  thorium.  The  similar  salts  of  the  protoxides 
of  this  class  are  isomorphous ;  and,  as  has  been  already  shown 
under  the  head  of  Isomorphism^  two  equivalents  of  a  protox<> 
ide  of  this  class  replace  one  equivalent  of  an  alcali.  Cbro« 
mium,  aluminum,  glucinum,  vanadium,  and  zirconium,  do 
not  form  protoxides  but  sesquioxides,  the  salts  of  which  are 
isomorphous  with  those  of  the  sesquioxides  of  iron  and 
manganese.  A  remarkable  connexion  is  established  between 
this  class  and  the  preceding  by  the  isomorphism  of  the  man- 
ganic acid  (MnOa),  and  chromic  acid  (CrOs),  with  sulphuric 
acid  (SO3),  indicating  that  under  certain  circumstances  these 
metals  may  change  from  one  natural  family  to  another. 

The  third  class  contains  barium,  strontium,  and  lead. 
Their  salts  are  strictly  isomorphous,  and  they  are  connected 
together  by  great  similarity  of  chemical  properties.  Thus, 
the  sulphates  of  the  metals  of  the  second  class  are  all  easily 
soluble  in  water,  whilst  the  sulphates  of  this  class  are  almost 
insoluble.  Calcium  approximates  to  this  condition  by  the 
sparing  solubility  of  sulphate  of  lime ;  and  the  connexion 
between  the  two  families  is  still  more  fully  shown  by  the 
dimorphism  of  carbonate  of  lime,  it  having  in  one  form  the 
figure  of  the  carbonates  of  magnesia  and  of  iron,  and  in  the 
Other  that  of  the  carbonates  of  barytes  and  of  lead. 

The  fourth  class  consists  of  potassium,  sodium,  and  siU 
Ter*  The  similarity  of  chemical  properties  of  potassium  and 
sodium  is  sufficiently  evident ;  and  although  their  compounds 
are  not  frequently  isomorphous,  yet  there  is  good  reason  for 
attributmg  that  to  the  dimorphism  of  each.  Silver  differs 
remarkably  in  its  chemical  relations  from  potassium  and  so- 
dium, and  the  only  grounds  for  inserting  it  in  this  class  is 
the  isomorphism  of  sulphate  of  silver  with  anhydrous  sulphate 
of  soda. 
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The  salts  of  potash  are  perfectly  isomorphous  with  the 
salts  of  ammonia  which  contain  an  atom  of  water ;  and  hence, 
if  the  base  of  the  ammoniacal  salts  (NH3+HO)  be  written 
NH4 . 0,  it  may  be  considered  as  an  oxide  of  a  compound 
radical  which  is  isomorphous  with  potassium,  and  would 
rank,  did  we  not  know  its  composition,  in  the  present  group. 
This  view  of  the  composition  of  the  ammoniacal  salts  was 
suggested  by  BerzeUns,  who  gave  to  that  compound  radical 
the  name  ammonium;  but  I  have  since  shown  that  the  re^ 
placement  is  really  by  two  equivalents  of  a  hydrogen  con^ 
pound,  as  already  noticed  in  speaking  of  the  second  clasAi 

Fifth  class,  chlorine,  iodine,  bromine,  and  fluorine.  This 
group  is  best  characterized  by  similarity  of  chemical  pro- 
perties ^  and,  so  far  as  observation  extends,  their  isomorphism 
appears  to  be  complete.  It  is  connected  with  the  first  and 
second  classes  by  means  of  manganese,  of  which  two  equiva- 
lents replace,  in  truly  isomorphous  compounds,  one  of  chlo* 
rine. 

Sixth  class,  nitrogen,  phosphorus,  arsenic,  and  antimony. 
In  their  chemical  history  these  compounds  exhibit  consider- 
able, though  not  complete,  similarity.  Thecorrespondingcom- 
pounds  of  arsenic,  antimony,  and  phosphorus,  are  generally 
isomorphous,  but  in  no  case  has  isomorphism  been  observed 
between  their  compounds  and  those  of  nitrogen.  A  certain 
analogy  appears  to  exist  between  nitrogen  and  the  substances 
of  the  fifth  class,  as  the  nitric  acid  corresponds  remarkably 
in  properties  to  the  chloric  and  iodic  acids,  with  which,  how- 
ever, it  is  not  isomorphous.  Nitrogen  appears  also  to  replace 
oxygen  in  many  cases  in  the  proportion  of  one-third  of  its 
equivalent  weight. 

Seventh  class,  tin  and  titanium,  connected  by  the  isomort 
phism  of  titanic  acid  and  peroxide  of  tin. 

Eighth  class,  silver  and  gold,  from  their  isomorphism  in 
the  metallic  state. 

Ninth  class,  platinum,  palladium,  iridium,  and  osmium, 
from  the  isomoi-phism  of  their  double  chlorides,  by  which 
also  Crraham  considers  this  class  to  be  connected  with  the 
seventh. 
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Tenth  class,  tungsten  and  molybdenum ;  the  tungstates 
nnd  mdybdates  being  isomorphous.  These  metals  will  pro- 
bably be  found  to  be  of  the  same  family  with  chrcmie,  as 
chromateof  lead  has  been  found  crystalliaed  in  the  samefonn 
as  the  molybdate. 

J^venth  class,  carbon,  boron,  and  silicon;  of  these  sub- 
stances, no  isomorphous  relations  are  known ;  they  are  brought 
together  by  a  general,  though  imperfect  analogy  of  proper- 
ties. 

Graham  makes  no  attempt  at  classifying  mercury,  cerium, 
columbium,  lithium,  rhodium,  or  uranium. 

I  agree  completely  with  the  general  prindples  of  this 
classification,  but,  in  a  few  cases,  researches  made  since  it 
was  drawn  up  by  Graham  render  some  alterations  necessary; 
thus  the  nmilarity  of  constitution  between  the  compounds  of 
bismuth  and  copper,  which  had  induced  him  to  insert  bis- 
muth in  the  second  class,  has  no  real  existence,  and  I  would 
transfer  it  to  the  same  class  with  antimony;  their  sulphurets 
being  isomorphous,  and  their  chemical  properties  being, 
generally  speaking,  very  similar.  Indeed  it  is  almost  certain, 
that  the  oxide  of  bismuth  is  not  a  protoxide,  but  a  sesqui- 
oude,  and  hence  corresponds  to  the  oxide  of  antimony. 

I  do  not  consider  the  isomorphism  of  sulphate  of  soda, 
and  sulphate  of  silyer,  as  being  sufficient  grounds  for  ranking 
the  latter  metal  in  the  fourth  class.  We  have  abeady  seen, 
numerous  examples  of  isomorphism  amongst  substances  of 
totally  different  chemical  constitution,  and  the  properties  of 
the  compounds  of  silver  resemble  so  completely  those  of 
lead,  as  to  demonstrate  positively,  that  it  belongs  to  the  same 
natural  group.  When  copper  enters  into  combination  with 
a^ouble  equivalent  Cu^,  it  becomes  likewise  a  member  of  the 
lead  and  bary tes  group,  as  is  shewn  by  the  sparing  solubility 
of  its  sulphate  and  chloride,  and  being  isomorphous  with 
silver,  fiumishes  additional  evidence  of  its  true  position. 

Silver  and  gold  being  isomorphous  only  in  the  regular 
system,  and  their  compounds  being  totally  dissimilar  in  con- 
stitution, I  do  not  retain  the  eighth  class  of  Grraham. 

2  D 
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I  have  satisfied  myself  of  the  perfect  analogy  of  palla- 
dium with  copper,  it  therefore  must  be  separated  from 
platinum  and  removed  to  the  second  class.  When  mercury 
enters  into  combination  with  the  equivalent,  101,4  (Hg,)  it 
coincides  in  the  nature  of  its  compounds,  with  palladium  and 
copper,  and  attaches  itself  to  the  second  class ;  but  when  its 
equivalent  is  20S,8  (Hgj,)  its  compounds  resemble  those  of 
leajd'and  silver,  and  like  copper,  it  then  becomes  a  member  <^ 
the  third  class. 

A  classification  such  as  this,  although  necessary  for  the 
philosophical  study  of  the  relations  of  the  simple  bodies,  could 
not,  without  considerable  inconvenience,  be  strictly  adhered 
to  in  an  elementary  work  like  this ;  I  shall,  therefore,  having 
thus  laid  down  those  general  principles,  place  it  for  a  time 
aside,  and  commence  the  study  of  the  non-metallic  bodies, 
and  their  compounds  with  each  other,  without  reference  to 
any  arrangement,  except  that  of  treating  first  these  subjects, 
that  may  be  useful  towards  understanding  or  illustrating 
those  that  follow. 


CHAPTER  XII. 

OF    THE    SIMPLE    NON-METALLIC    BODIES,    AND     THEIR 
COMPOUNDS   WITH   EACH    OTHER. 

Of  Oxygen. 

From  the  great  quantity  in  which  it  exists  in  nature,  the 
numerous  processes  into  which  it  enters  as  an  agent,  and 
the  influence  which  its  discovery  exercised  upon  the  pro- 
gress of  chemical  theory,  oxygen  may  be  looked  upon  as 
the  most  important  of  the  simple  bodies.  It  constitutes 
more  than  a  fifth  of  the  atmosphere  by  which  our  planet  is 
invested,  eight-ninths  of  the  whole  quantity  of  water  which 
exists  upon  its  surface,  and  besides  existing  in  great  quanti- 
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tity  in  most  animal  and  vegetable  bodies,  it  forms,  at  least; 
a  third  of  the  total  weight  of  the  mineral  crust  of  the  globe. 
On  it  the  processes  of  combustion  and  of  respiration  u*e 
dependant,  and  the  functions  of  organimd  existence,  in  both 
its  forms,  are  essentially  connected  and  sustained  through  its 
agency. 

Oxygen  exists  only  under  the  form  of  ]gas;  it  is  colour- 
less  and  transparent;  its  specific  gravity  is  1102*6;  100 
cubic  inches  of  it  weighs  34*2  grains;  its  refractive  index  is 
0*8616,  that  of  air  being  I'OOOO.  It  is  very  sparingly  dis- 
solved by  water,  100  cubic  inches  of  water  taking  up  only 
between  3  and  4  of  the  gas.  It  is,  consequently,  in  most 
cases,  collected  over  water^  by  forms  of  apparatus  which 
shall  be  now  described. 

For  the  collection  and  preservation  of  gases,  such  as 
oxygen,  the  instruments  generally  employed  are  the  pneu- 
matic  trough  and  the  gasometer.      The  former    is  any 


vessel  g  containing  water,  for  such  gases  as  are  not  ab- 
sorbed by  it,  in  which  is  inverted  a  glass  vessel  full  of  water, 
which  is  sustained  in  it  by  the  pressure  of  the  external  air,  as 
is  the  mercury  in  the  tube  of  the  barometer.  The  orifice  of 
the  tabe  c,  from  which  the  gas  issues,  being  brought  under 
the  edge  of  the  jar,  which  is  generally  sustained  upon  a 
shelf,  the  water  descends  according  as  the  bubbles  of  gas 
ascend,  and  when  the  water  in  the  jar  has  been  all  replaced 
by  the  gas,  the  jar  may  be  removed  on  a  tray,  containing  as 
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inuch  water  as  serves  to  prevent  all  communication  from  the 
interior,  with  the  external  air. 

S^"^^"^  The  gasometer,  or  gas-holder,  con- 

sists of  a  cylindrical  copper  vessel,  on 
which  another  is  secured  by  five  props 
of  copper,  of  which  two  are  hollow  tubes, 
in  connexion  with  the  cylinder  below. 
The  tube  m  passes  down  nearly  to  the 
bottom  of  the  cylinder,  but  the  other, 
II,  only  extends  to  the  upper  surface: 
both  are  provided  with  stop-cocks,  so 
that  the  communication  between  the  cy- 
Under  and  the  upper  vessel  may  be 
opened  or  cut  off  at  pleasure.  At  /  there  is  also  a  small 
tube,  with  a  stop-cock,  and  below  there  is  a  large  orifice  at 
j,  which  can  be  tightly  closed,  by  means  of  a  screw-plug. 

To  fill  the  cylinder  with  water,  the  orifice  i  is  to  be  closed, 
and  all  the  stop-cocks,  m,  n,  /,  left  open.  Water  being  then 
poured  into  the  upper  vessel,  it  flows  in  through  the  tubes 
m  and  »,  whilst  the  air  issues  at  /•  When  water  begins  to 
flow  out  at  /,  that  stop-cock  is  to  be  closed,  and  then  the  ur, 
which  still  remains,  escapes  by  the  tube  n,  bubbling  through 
the  water  in  the  upper  vessel.  When  this  also  ceases,  the 
stop-cocks  m  and  n  are  to  be  closed,  and  the  orifice  i  being 
then  opened,  the  cylinder  remains  full  of  water,  by  the  exter- 
nal  pressure.  The  tube  from  which  the  gas  issues  is  in- 
serted  at  i,  and  a  quantity  of  water  escapes  by  that  aperture, 
equal  in  volume  to  the  gas  which  passes  in. 

A  great  variety  of  processes  may  be  put  in  practice  for 
the  purpose  of  obtaining  oxygen  gas ;  one  which  is  very 
simple  in  theory,  and  of  great  interest  in  history,  from  being 
that  by  which  the  important  agencies  of  oxygen,  in  chemistry, 
were  first  recognized,  although  it  is  not  at  present  prac- 
ticably useful,  is  the  following. 

Some  red  oxide  of  mercury  (HgO)  is  to  be  introduced 
into  a  retort  a  of  hard  glass,  to  which  is  then  attached  a  re- 
ceiver 6,  with  a  tube  r,  passing  to  the  pneumatic  trough.  On 
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applying  the  heat  of  the  argand  spirit  lamp  to  the  oxide  of 
mercury,  it  is  decomposed ;  the  oxygen  is  given  off  in  the 


sute  of  gas^  and  may  be  collected  in  the  bell  glass  d^  and  the 
mercury  distils  over,  and  condensing  in  the  neck  of  the  retort, 
collects  in  drops  which  flow  into  the  receiver.  The  sub* 
stance  used  is  thus  resolved  into  mercury  and  oxygen ;  from 
109*4  grains,  there  would  have  been  obtained  101*4  grains  of 
metallic  mercury,  and  8  grains  of  oxygen  gas,  occupying  at 
the  standard  tempierature  and  pressure  23*4  cubic  inches.  It 
was  by  an  experiment  of  this  kind,  that  Lavoisier  demon- 
strated the  true  constitution  of  the  metalUc  oxides. 

Although  there  are  few  metallic  oxides,  which,  as  that  of 
mercury,  admit  of  being  resolved  by  heat  completely  into 
free  metal  and  oxygen,  yet,  many,  when  heated,  give  off  a 
portion  of  their  oxygen,  the  metal  remaining  in  a  lower  de- 
gree of  oxidation.  Of  this  kind,  are  the  peroxides  of  lead, 
and  of  manganese,  and  it  is  generally  from  the  latter,  that 
oxygen  is  obtained  for  experimental  purposes,  when  it  is  not 
required  to  be  absolutely  pure.  The  peroxide  of  manganese, 
(MnOs.)  abandons,  when  at  a  red  heat,  one*third  of  its 
oxygen,  and  a  complex  oxide,  Mn304  remains,  analogous  to 
the  black  magnetic  oxide  of  iron,  and  formed  by  the  union  of 
equivalents  of  protoxide  and  of  sesquioxide  (Mn04-Mh203). 


For  this  purpose  the  manganese  is  introduced  in  an  iron 
bottle  a,  to  the  neck  of  which  is  attached  a  piece  of  gun 
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barrel  b^  and  this  connected  by  a  cork  e,  with  a  smaOer  tube  d. 
For  sake  of  freedom  of  motioni  the  tube/,  which  passes  to 
the  pneumatic  trough  or  the  gasometor,  is  attached  to  d  bya 
caoutchouc  connector  e.  The  bottle  having  been  filled  about 
two-thirds  with  oxide  of  manganese,  may  be  placed  either  in 
a  common  fire,  or  in  a  furnace,  its  parts  being  all  arranged 
as  in  the  figure.    When  first  heated,  some  water  passes  ofiT, 


and  frequently,  from  the  occurrence  of  carbonate  of  lime  and 
of  ammonia  in  the  substance,  the  first  portions  of  gas  are 
mixed  with  carbonic  acid  or  with  nitrogen ;  these  should  be 
allowed  to  pass  away,  and  the  oxygen  collected  only  when  a 
small  tube  full  of  it  is  capable  of  relighting  a  taper  four  or  five 
times.  The  pure  dry  oxide  of  manganese  consists  o{S7'7  of 
manganese,  united  to  sixteen  of  oxygen,  of  which  5'3  are 
given  off,  and  hence  lib.  Troy  of  it  is  capable  of  furnishing 
about  700  grains,  or  nearly  2000  cubic  inches,  equal  to  seven 
imperial  gallons  of  gas.  The  oxide  of  manganese  found  in 
commerce  is,  however,  not  pure ;  in  general  it  does  notcon* 
tain  more  than  65  per  cent,  of  pure  oxide,  and  hence  the 
quantity  of  oxygen  furnished  by  a  pound  of  it  is  about  two* 
thirds  only  of  that  just  stated. 

Peroxide  of  manganese  yields  more  of  its  oxygen  when 
treated  with  oil  of  vitriol,  than  when  simply  ignited ;  one-half 
becoming  free,  whilst  the  manganese,  with  the  remainder, 
forms  protoxide,  which  combines  with  the  sulphuric  acid 
thus  :— HO  .SO3  4-  MnO^  =  HO .  SO3  •  MnO  +  O. 
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This  operation  is  conducted  by  placing  the  manganese  in  a 
flask)  a,  supported  in  a  little  cup  of  sand,  b,  over  a  lamp,  and 
mixing  it  with  twice  its  weight  of  oil  of  vitriol;  a  tube  c,  bent. 


as  in  the  figure,  passes  to  the  pneumatic  trough,  and  dips  under 
the  edge  of  the  jar  in  which  the  gas  is  to  be  collected.  When 
the  flask  is  heated,  oxygen  gas  is  rapidly  disengaged,  but 
care  must  be  taken,  that  towards  the  close,  the  water  of  the 
trough  may  not  pass  back  into  the  flask,  where  mixing  with 
the  hot  oil  of  vitriol,  it  might  produce  an  unpleasant  explo- 
sion. 

The  decomiK>sition  which  here  occurs  has  been  supposed 
to  consist  rimply  in  the  expulsion  of  the  second  atom  of 
oxygen  by  the  sulphuric  acid,  which  takes  its  place.    This, 
however,  is  not  the  case.    By  a  very  gentle  heat  the  sul- 
phuric acid  decomposes  the  peroxide,  MnO^,  into  protoxide, 
MnO,  and  permanganic  acid,  Mn207.  (fiMnOa  =  3MnO  «4- 
MosOt).    This  last  is  decomposed,  when  the  temperature 
rises,  into  2  (MnOs)  manganic  acid,  giving  out  one  equivalent 
of  oxygen ;  but  the  temperature  must  be  raised  very  much 
to  cooiplete  the  separation  of  the  MnOs  into  O2  and  MnO. 
Hence,  in  diis  process,  as  ordinarily  conducted,  the  residue 
in  the  flask  is  found  to  be  green,  from  manganic  acid ;  and, 
although  in  theory  a  more  abundant  source  of  oxygen  than 
that  by  simple  ignition,  in  the  proportion  of  3  to  2,  it  is  not 
BO  useful  in  practice. 

When  oxygen  is  required  completely  pure,  it  is  generally 
prepared  by  lieating  in  a  glass  tube,  or  flask,  to  which  a 
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bent  tube  is  attached,  as  in  the  figure,  a  small  quantity  of 
chlorate  of  potash.  This  salt  consists 
of  chloric  acid  united  to  potash  CIO5  -f- 
KO,  and  when  heated  somewhat  above 
its  melting  point,  it  is  decomposed,  all 
the  oxygen  it  contains  being  eyoWed  in 
the  state  of  gas,  and  the  other  elements 
remiuning  combined  as  chloride  of  po- 
tassium. The  constituents  of  this  salt 
are  by  weight  35*4  chlorine,  39*7  potas- 
sium, and  48  of  oxygen.  Hence,  100  parts  of  it  give  39 
of  oxygen  by  weight,  or  an  ounce  troy,  187  grains,  or  543 
cubic  inches.  An  ounce  of  it  is,  therefore,  equivalent  in 
effect  to  six  ounces  of  ordinary  peroxide  of  manganese. 

The  most  remarkable  property  of  oxygen  is  the  energy 
with  which  it  supports  combustion.  If  a  lighted  taper  be 
blown  out,  so  that  a  point  of  the  wick  shall  continue  red,  it 
will  be  brilliantly  relighted  on  being  plunged  into  a  vessel 
of  oxygen  gas,  and  this  may  be  repeated  several  times  in 
succession.  A  bit  of  charcoal,  heated  to  redness  at  a  single 
point,  bums,  when  immersed  in  oxygen,  with  rapid  scintilla- 
tions of  exceeding  brilliancy ;  and  when  phosphorus  is  in- 
flamed in  oxygen,  the  splendour  of  the  combustion  is  insup- 
portable to  the  eye.  Even  bodies  which  are  not  combus- 
tible, under  ordinary  circumstances,  may  be  made  to  bum 
m  oxygen.  Thus,  if  an  iron  wire  be  tipped  at  its  extremity 
with  sulphur,  or  have  attached  to  it  a  small  bit  of  waxed 
cotton  wick,  on  lighting  this,  and  plunging  the  whole  into 
the  gas,  the  combustion  extends  from  the  sulphur  or  wick  to 
the  iron,  which  is  converted  into  oxide,  with  the  disengage- 
ment of  most  brilliant  light.  The  heat  evolved  by  the  com* 
binadon  of  the  oxygen  and  iron  is  so  great,  that  the  oxide 
formed  is  melted,  and  flows  down  in  drops  from  the  extra* 
mity  of  the  burning  wire,  which,  even  after  having  passed 
through  a  layer  of  water,  fuse  themselves  into  the  substance 
of  the  earthenware  plate,  upon  which  the  gas  jar  generally 
stands.    If,  at  the  moment  when  a  drop  of  oxide  is  about  to 
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fall,  it  be  projected  by  a  little  jerk  against  the  side  of  the 
glass,  it  will  melt  its  way  into  its  substance,  or  even,  if  it  be 
not  thick,  pass  completely  through. 

The  heat  evolved  when  the  body  bums  in  pure  oxygen, 
may  be  readily  shown  by  simple  methods.  If  a  jet,  u,  be 
attached  to  the  lateral  stopcock  /,  of  the  gasometer,  and  the 
flame  of  a  spirit  lamp  h  be  urged  by  the  issuing  stream  of  gas, 

as  by  a  blow-pipe,  the  most  refrac* 
tory  substances  may  be  fused  by  it. 
If  the  tube  be  curved  downwards, 
the  jet  may  be  brought  to  bear  on 
a  little  cup  of  red  hot  charcoal,  in 
which  the  body  to  be  fused  may 
be  laid,  and  thus,  upon  a  small 
scale,  the  construction  and  effect 
of  the  most  powerful  wind  fur* 
naces  may  be  imitated. 

Oxygen  gas  is  necessary  to  the  support  of  animal  life. 
It  is  the  oxygen  which  exists  in  the  atmospheric  air,  that  fits  it 
for  its  uses  in  the  economy  of  nature.    The  blood  which  re* 
turns  dark  and  venous  into  the  lungs,  is  there  changed  into 
t^e  bright  arterial  state,  by  absorbing  oxygen,  and  evolving 
carbonic  add,  in  a  manner  of  which  the  exact  details  shaU 
be  hereafrer  studied.    This  change  occurs  even  with  blood 
trhich  has  been  removed  from  the  body.    If  a  quantity  of 
dark  bloody  drawn  from  a  vein,  be  agitated  in  a  vessel  of 
oxygen  gas,  it  is  immediately  changed  into  the  vermilion- 
coloured  arterial  blood.    An  animal  can  Uve  longer  in  a 
vessel  of  pure  oxygen  than  in  the  same  volume  of  atmos- 
pheric air ;  but  still,  pure  oxygen  is  not  fitted  for  the  sup* 
port  of  life.    It  is  too  stimulating ;  the  animal  lives  too  fast, 
and  ultimately  dies  with  symptoms  of  general  inflammatory 
lever,  even  though  there  may  remain  still  a  quantity  of 
oxygen  gas,  capable  of  supporting  the  life  of  another  animal 
for  a  considerable  time. 

The  name  of  oxygen  was  given  to  this  body  from  the  idea 
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of  its  peculiar  power  of  conferring  acid  properties  on  its 
compounds ;  and,  in  reality^  most  of  the  bodies  recognized  by 
chemists  amongst  the  class  of  acids  contain  oxygen.  But 
this  is  not  invariable  ;  other  simple  bodies  possess  the  same 
power,  as  has  been  already  noticed  on  more  than  one  occa^ 
sion,  and  I  shall  ha?e  opportunities  of  recurring  to  it  when 
describing  the  properties  of  those  bodies. 

Of  Hydrogen. 

Hydrogen  exists  abundantly  in  nature,  as  a  constituent  of 
animal  and  vegetable  substanceSi  and  is  particularly  of  in- 
terest by  forming  a  constituent  of  water.  From  this  fact  it 
derives  its  name>  v&wp  ytvvaw,  (I  form  water,)  and  it  is  by 
the  decomposition  of  water  that  hydrogen  is  almost  always 
obtained  for  experimental  purposes. 

If  a  small  quantity  of  the  metal  potassium  be  placed  in 
contact  with  water,  it  immediately  abstracts  the  oxygen, 
forming  potash,  which  i^  an  oxides  of  jiotassium.  The 
hydrogen  is  set  free,  and  appears  as  a  gas.  If  the  experi- 
ment be  performed  under  a  bell  glass,  inverted  in  a  basin  of 
mercury  or  water,  the  gas  may  be  collected,  but  if  the  de- 
composition takes  place  in  contact  with  the  atmospheric  air, 
so  much  heat  is  evolved  by  the  rapidity  and  intensity  of  the 
action,  that  the  hydrogen  takes  firei  and  bums  aceordi^  as 
it  is  produced.  This  is  the  simplest  form  under  which  the 
decomposition  of  water  can  be  exhibited,  the  reaction  being 
K  4-  HO  =  KO  +  H. 

If  the  circuit  of  the  electrical  current  from  a  voltaic  bat- 
tery be  completed  through  water,  which  has  been  rendered 
a  good  conductor  by  the  addition  of  sulphuric  acid  or  com- 
mon or  glauber  salt,  the  two  constituents  of  the  water  are 
evolved  at  the  opposite  electrodes,  or  terminating  surfaces 
of  the  liquid,  and  the  two  gases  may  be  collected  either 
separately  or  mixed  together,  and  will  be  then  found  to  have 
been  evolved  in  such  proportions  that  the  hydrogen  will  be 
double  the  volume  of  the  oxygen.    The  theory  of  this  node 
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of  obtaining  hydrogen  has  been  described,  bo  far  aii  we  are 
competent  to  explain  it,  in  a  former  chapter. 

These  methods,  although  the  simplest,  are  jet  not  appli- 
cable to  ordinary  purposes,  from  their  expense;  those 
usually  employed  are  the  following.  There  are  many  metals 
which,  although  having  a  powerful  affinity  for  oxygen,  are 
yet  not  able  to  abstract  it  from  hydrogen,  and  so  to  decom- 
pose water,  at  ordinary  temperatures ;  but  at  a  red  heat,  the 
decomposition  rapidly  takes  place.  For  this  purpose,  iron  is 
generally  employed.  A  gun  barrel,  or  an  iron  tube  cc,  is  taken^ 
and  the  interior  having  been  loosely  filled  by  iron  turnings 
or  coils  of  iron  wire,  it  is  placed  horizontally  in  a  furnace,  by 


means  of  which  it  can  be  brought  to  a  full  red  heat.  To  one 
extremity  of  the  tube  is  connected  a  small  glass  retort  a,  con- 
taining water ;  to  the  other,  a  flexible  metal  tube/,  which 
passes  under  the  shelf  of  the  pneumatic  trough.  The  iron 
tube  being  red  hot,  the  water  in  the  retort  is  made  to  boil ; 
the  vapour  passes  into  the  tube,  and  comes  into  contact  vnth 
the  red  hot  iron;  decomposition  immediately  occurs,  and 
the  iron  is  oxidized,  whilst  the  hydrogen  gas  is  disengaged 
in  large  quantity.  The  state  of  combination  into  which  the 
iron  is  found  to  have  passed,  is  that  of  the  black  oxide,  such 
as  the  scales  that  are  formed  at  the  smith's  forge,  by 
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the  action  of  the  atmospheric  air  on  iron,  and  which  is 
also  formed  when  iron  b  burned  in  oxygen  gas.  The 
action  may,  however,  be  simply  represented  as  follows : 

Fe+   H.Or:   H  +  Fe.O  Protoxide  of  iron. 
2Fe  +  3H  .O  =  3H  +  FejOa  Peroxide  of  iron. 

SFe  +  4H.O  =  4H  +  FeaOi  Black  oxide  of  iron. 

The  action  of  the  iron  in  thus  decomposing  water,  might 

appear  paradoxical,  as  it  will  be  seen  hereafter  that  by 

means  of  a  current  of  hydrogen  gas,  acting  at  a  red  heat, 

oxide  of  iron  may  be  decomposed,  the  iron  separating  in  the 

metallic  state,  and  water  being  produced ;  and  thus,  at  the 

same  temperature,  two  decompositions,  precisely  the  reverse 

of  each  other,  may  go  on.    It  would  appear  that  this  is  one 

of  those  cases  in  which  affinities,  nearly  equal  otherwise,  are 

directed  to  one  or  the  other  object  according  as  one  or  the 

other  substance  is  in  excess.    When  the  iron  is  kept  in  a 

stream  of  watery  vapour,  this  latter  is  decomposedi  and  the 

hydrogen  being  carried  away,  according  as  itis  formed,  by  the 

current,  it  cannot  interfere  by  its  presence  in  any  opposing 

manner.    On  the  other  hand,  when  oxide  of  iron  is  heated 

in  a  stream  of  hydrogen  gas,  it  is  decomposed,  and  the  water 

being  removed  as  rapidly  as  it  is  produced,  the  tendency  to 

reaction  is  prevented. 

By  the  agency  of  a  dilute  acid  we  may  also  increase  the 


tendency  of  a  metal  to  combine  with  water,  so  that  the  de- 
composition of  water  can  be  effected  rapidly  even  at  common 
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temperatures.  If  a  few  dips  of  zinc  or  iron  be  placed  in  a 
flask  to  which  a  bent  tube/,  is  adapted^  as  in  the  apparatus 
represented  in  the  figure^  and  then  oil  of  vitriol  diluted  with 
eight  times  its  weight  of  water  be  poured  upon  it»  through  the 
funnel,  an  abundant  effervescence  occurs,  arising  from  the  es« 
cape  of  hydrogen  gas,  and  the  zinc  or  iron  rapidly  dissolves. 
The  action  continues  until  the  acid  has  been  all  neutralized 
by  the  zinc,  or  the  zinc  all  dissolved  by  the  add ;  or  finally, 
untfl  so  much  of  the  compound  formed  during  the  reaction 
has  been  produced,  that  the  water  present  cannot  dissolve 
any  more.  This  compound  consists  of  oxide  of  zinc  or  of 
iron  united  to  the  sulphuric  acid,  the  oxygen  of  the  decom- 
posed water  uniting  with  the  metal  whilst  the  hydrogen  is 
set  free.  The  process  may  be  thus  represented,  zinc  being 
used,  Zn  +  S03  +  H0  =  H  +  (SOs  +  ZnO.) 

To  account  for  the  circumstances  of  this  reaction,  a  pecu- 
liar power  was  at  one  time  supposed  to  exist,  termed  dis- 
posing  affinity ;  and  it  was  said  that  the  presence  of  the 
sulphuric  acid  disposed  the  zinc  to  decompose  the  water, 
because  the  oxide  of  zinc,  when  formed  by  the  decomposition, 
might  unite  with  the  acid.  This  tiieory  is  quite  futile. 
There  can  be  no  oxide,  of  zinc  to  influence  the  add,  until 
the  water  has  been  decomposed,  and  tiie  effect,  the  source 
of  which  was  to  be  sought  for,  had  consequently  passed 
away.  It  appears  to  me  that  die  explanation  is  of  a  much 
simpler  form.  Zinc  and  iron  decompose  water  at  ordinary 
temperatures,  even  without  the  presence  of  any  acid,  but 
with  excessive  slowness,  so  that  the  effect  is  almost  imper* 
ceptible.  In  fact,  the  first  minbte  trace  of  oxide  which  is 
formed,  being  insoluble  in  water,  coats  over  the  metallic 
surface  with  a  varnish  impermeable  to  the  fluid,  and  thus 
prevento  its  further  action.  This  coating  of  metallic  oxide 
is  soluble  in  acids;  and  thus,  by  the  presence  of  an  acid,  a 
fresh  surface  of  bright  metal  is  kept  constantly  exposed,  and 
the  decomposing  action  is  allowed  to  proceed  without  hin- 
drance*   It  is  possible,  however,  that  this  simple  view  may 
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require  some  alteration,  aud  that  this  mode  of  obtwiing 
hydrogen  gas  may  be  found  to  involve  voltftic  conditions 
which  at  present  are  not  well  understood.  Pure  zinc  is  but 
veiy  feebly  acted  on  even  by  a  diluted  acid ;  and  the  rapid 
action  which  occurs  with  commercial  zinc  or  iron,  may  be 
referred  to  decomposition  by  the  electric  currents  which  cir- 
culate from  one  portion  of  the  impure  metal  to  the  other, 
through  the  liquid*    See  page  220. 

Hydrogen  gas,  when  it  has  been  prepared  by  any  of 
these  processes,  is  seldom  pure.  The  iron  and  zinc  of  com- 
merce contain  generally  traces  of  carbon,  of  sulphur,  and 
sometimes  of  arsenic,  which  combining  with  some  hydrogen, 
form  gaseous  or  volatile  products,  which  give  to  the  hydro- 
gen a  peculiar  disagreeable  odour,  and  colour  its  flame. 
Occasionally,  also,  traces  of  potassium  and  zinc  in  very  mi- 
nute division,  are  carried  up  with  the  hydrogen  by  the  me- 
chanical force  of  the  effervescence,  but  by  repose  these  latter 
impurities  are  found  completely  to  separate.  To  get  nd  of 
the  former  class  of  impurities,  the  gas  may  be  made  to  bub- 
ble very  slowly  through  solutions  of  potash  and  of  corrosive 
sublimate,  by  which  the  arsenic  and  sulphur  would  be  ab- 
sorbed, and  through  alcohol,  which  would  for  the  most  part 
dissolve  the  carburetted  hydrogen*  It  is,  however,  better, 
when  pure  hydrogen  is  required,  to  prepare  it  by  acting  upon 
water  with  metallic  sodium  mixed  with  quicksilver,  so  as  to 
moderate  the  rapidity  of  the  decomposition.  Zinc,  which 
has  been  refined  by  distillation,  gives  also,  with  sulphuric 
acid  and  water,  a  gas  almost  completely  pure. 

When  free  from  foreign  matters,  hydrogen  gas  burns 
with  a  very  pale  white  flame,  almost  invisible  in  bright  day. 
In  burning,  it  combines  with  the  oxygen  of  the  air  and  forms 
water.  If  ajar  of  hydrogen  gas  be  suddenly  turned  with^ 
the  orifice  upwards,  and  inflamed,  the  whole  mass  of  gas 
rushes  out,  and  gives  a  sheet  of  pale  white,  or  yellowish 
flame.  If  it  be  mixed  with  air  previous  to  being  set  on  fire,  the 
combustion  of  the  mixture  is  instantaneous,  and  accompanied 
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with  an  explosive  report.  The  proper  proportions  are  two 
▼olumes  of  hydrogen  gas,  to  five  of  air*  If  a  lighted  taper 
be  'plunged  into  a  jar  of  hydrogen,  it  is  immediately  ex- 
tinguished, the  gas  not  being  able  to  support  combustion. 

Hydrogen  gas  is  colourless  and  transparent,  it  is  ab- 
sorbed by  water  in  very  small  quantity,  and  hence,  for  ordi- 
nary purposes,is  always  collected  over  that  liquid.  It  refracts 
light  strongly,  its  refractive  index  being  6*61,  air  being  1*00. 
In  its  capacity  for  heat,  it  exceeds  all  other  gases,  being  21*9 
by  Apjohn's  experiments,  air  being  1*00,  for  equal  weights, 
or  1  *46  for  equal  volumes.  It  is  the  lightest  substance  known, 
being  only  one-fifteenth  of  the  specific  gravity  of  air ;  or 
more  accurately,  its  specific  gravity  being  68*8,  air  being 
1000*0.  It  is  hence  used  for  filling  balloons ;  as  the  balloon 
full  of  hydrogen  weighs  less  than  the  same  volume  of  air,  it 
ascends  with  a  force  equal  to  the  difference  of  weight.  Foe 
the  purpose  of  illustrating  this  property  of  hydrogen,  a 
small  balloon  made  of  gold-beater's  skin,  or  of  the  serous  mem* 
brane  of  the  turkey's  craw,  may  be  made  use  of.  On  this 
minute  scale,  however,  the  gas  should  be  used  dry,  as  when 
prepared  and  collected  over  water,  its  specific  gravity  may 
be  so  much  increased  by  the  watery  vapour  it  may  contain, 
that  although  good  enough  for  a  larger  balloon,  yet  it  could 
not  carry  up  a  small  one,  the  small  balloon  being  really  much 
heavier  in  proportion  to  the  quantity  of  gas  it  can  contain; 
consequently  the  hydrogen  should  be  dried,  which  may  be 
efifected  by  causing  it  to  stream  firom  the  gasometer  through 
a  tube  filled  with  firagments  of  fused  chloride  of  calcium, 
which  absorbs  water  with  great  avidity ;  and  from  thence 
to  enter  the  balloon.  At  present,  hydrogen  gas  is  but  sel- 
dom employed,  it  being  fotmd  cheaper  to  make  the  balloon 
very  large,  and  to  use  coal  gas,  which,  although  much  heavier 
than  hydrogen,  is  still  considerably  lighter  than  atmos- 
pheric air  under  the  same  volume* 

By  the  same  experiment,  the  three  most  remarkable  pro- 
perties of  hydrogen  may  be  exhibited  in  an  interesting  form* 
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If  a  jar  of  hydrogen  be  held  vertically » with  the  orifice  down* 
wards  and  open,  it  will  remain  filled  by  the  hydrogen  for  a 
certain  time^  as  the  air,  being  so  much  heavier,  mixes  itself 
with  the  lighter  gas,  bat  very  slowly.  If  a  lighted  taper  be 
now  applied,  the  gas  will  inflame  at  the  surface  where  it  is  in 
contact  with  the  atmosphere,  but  on  plunging  the  taper  up- 
wards into  the  pure  gas,  it  will  be  extinguished ;  being  then 
lowered,  it  can  be  relighted  at  the  sheet  of  flame  which 
marks  the  surface  of  contact  of  the  gas  and  the  atmosphere, 
and  when  again  raised  into  the  pure  gas,  it  will  again  be  ex- 
tinguished; this  can  be  repeated  very  often:  the  horizontal 
sheet  of  flame  having  been  graduallyrising  into  the  jar  accord- 
ing as  the  hydrogen  consumed,  if  then  the  jar  be  suddenly 
turned  with  the  orifice  directed  upwards,  the  residual  gas 
will  at  once  rush  out,  and  mixing  with  the  air,  will  bum  ex- 
plosively with  a  single  flash. 

The  same  experiments  on  the  combustion  of  hydrqgen, 
may  be  made  with  pure  oxygen  gas  in  place  of  atmospheric 
air,  but  then  the  results  are  at  least  five  times  more  brilliant. 
The  proportions  for  burning  hydrogen  with  oxygen  gas, 
are  two  volumes  of  hydrogen,  and  one  of  oxygen ;  then  if 
the  gases  were  pure,  nothing  but  pure  water  should  remain. 

If  a  bladder  be  filled  with  the  two  gases  mixed  in  these 
proportions,  and  being  punctured,  the  flame  of  a  taper  be 
applied  to  the  orifice,  the  whole  explodes  with  a  flash  of 
brilliant  light  and  deafening  explosion ;  the  strongest  bladder 
being  torn  to  shreds  by  the  expansive  force  of  the  ignited 
gases.  In  this  experiment,  the  bladder  must,  of  course,  be 
secured,  which  is  easily  done  by  tying  the  stopcock  by  which 
the  gas  has  been  passed  into  the  bladder,  between  two  nails, 
with  some  stout  cord  or  copper  wire. 

A  mixture  of  hydrogen  and  oxygen,  may  also  be  ex* 
ploded  by  means  of  the  electric  spark ;  for  this  purpose,  a 
strong  tube  closed  at  the  top,  and  graduated  into  parts  of  a 
cubic  inch,  is  taken,  and  two  brass  or  platina  wires,  are  inserted 
through  the  opposite  sides  near  the  top,  their  extremities 
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being  kepi  about  one-eighth  of  an  inch  asunder.    This  tube 

is  termed  an  eudiometer^  as  it  is  fre- 
quently used  tomeasure  the  quantity 
of  oxygen  in  the  atmosphere^  and 
generally  for  the  analysis  of  gaseous 
mixtures.  The  oxygen  and  hydro- 
gen gases  being  confined  in  this  tube 
over  water  or  mercury,  an  electric 
spark  is  passed  through  the  mixture 
by  means  of  the  wires;  the  gases  ex- 
plode, and  if  the  proportions  had 
been  accurately  observed,  no  residue 
IS  found;  if  one  or  the  other  gas  had 
been  in  excess,  the  excess  remains 
behind ;  one-third  of  the  volume  which  disappears  being 
oxygen,  and  the  other  two-thirds  being  hydrogen.  In  order 
to  explode  a  bladder  full  of  the  mixed  gases  by  means  of 
electricity,  a  very  simple  plan,  is  to  fasten  the  bladder  upon 
a  hrge  cork,  having  in  the  centre  an  opening,  into  which  a 
stopcock  is  screwed  for  the  passage  of  the  gas,  and,  through 
which,  near  the  edges,  pass  two  stout  brass  wires,  termi- 
nating inside  the  bladder  in  small  knobs ;  these  ends  being 
brought  near  each  other,  and  the  external  ends  being  con- 
nected, by  long  wires,  with  the  coatings  of  a  charged  leyden 
jar,  the  spark  passes  between  the  terminal  knobs  in  the 
bladder,  and  the  explosion  immediately  occurs. 

Hydrogen  and  oxygen  are  capable  of  entering  into  com- 
bination, and  forming  water  without  any  explosion  or  visible 
combustion.  If  the  mixed  gases  be  transmitted  through  a 
tube  heated  to  scarcely  visible  redness,  they  quietly  combine, 
and  this  effect  occurs  at  a  still  lower  temperature;  if  the  tube 
contains  coarsely  powdered  glass  or  sand.  Slips  of  gold 
and  silver  are  still  more  favourable,  but  the  most  rapid  union 
is  efiected,  even  at  ordinary  temperatures,  by  platinum.  This 
efiect  appears  to  be  due  to  the  metallic  surface  retaining  a 
thin  layer  of  gas  by  so  strong  a  force  as  by  condensation  to 
bring  the  molecules  within  the  sphere  of  their  mutual  che- 
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mical  attraction:  they^  combining,  form  water,  and  anew 
quantity  of  the  gaseous  mixture  comes  into  contact  with  the 
platinum  and  follows  the  same  course.  If  the  platinum  be 
in  the  form  of  sponge,  in  which  the  acting  surfaces  are  very 
great,  the  imion  takes  place  so  rapidly,  that  the  heat  evolved 
raises  the  temperature  of  the  platinum  ball  to  bright  redness, 
and  then  the  remaining  gas  explodes.  Platinum  in  form  of 
sponge,  always  contains  a  quantity  of  air,  in  this  condensed 
condition,  and  hence,  when  a  jet  of  hydrogen  gas  is  let  to 
play  upon  a  morsel  of  spongy  platina,  it  is  absorbed,  and 
water  being  formed,  the  ball  of  platinum  becomes  red  hot 
and  inflames  the  jet  of  gas.  This  constitutes  a  sort  of  lamp 
for  instantaneous  light,  equally  pretty  and  ingenious ;  the  jet 
of  hydrogen  in  its  turn  being  contrived  to  fall  upon,  and 
light  a  little  lamp  ;  see  pp.  287  and  381. 

Spongy  platinum  introduced  into  a  mixture  of  oxygen 
and  hydrogen,  explodes  them  instantly,  but  it  can  be  usefully 
diluted,  as  it  were,  by  being  made  into  balls,  with  a  little  pipe* 
clay,  and  then  it  can  only  produce  their  union  in  the  slow 
and  silent  way.  This  mode  is  accordingly  often  used  in  the 
analysis  of  mixtures  of  gases,  and  the  energy  of  the  platinum 
balls  can  be  graduated  by  the  proportions  of  metal  and  of 
pipe-clay  which  are  employed.  Hydrogen  and  oxygen,  how- 
ever, are  not  the  only  gases  which  can  be  made  to  unite  by 
the  agency  of  platinum  surfaces,  as  will  be  elsewhere  shown. 

The  heat  produced  by  the  combustion  of  oxygen  and 
hydrogen  gases,  is  the  most  intense  that  can  be  obtained  by 
any  artificial  means.     It  is  hence,  at  present,  much  used  in  an 
instrument  termed  the  hydro-oxygen  blowpipe.  The  appara- 
tus employed  must  be  of  such  a  nature,  as  to  prevent  any  risk 
of  injury  from  explosion,  which,  with  any  large  quantity  of 
the  gases  might  produce  most  serious  accidents.     The  safest 
form  for  experiment  on  a  large  scale,  consists  in  having  the 
gases  separate  in  two  gasometers  connected  by  tubes,  and  of 
such  a  size  and  pressure,  as  that  in  the  same  time  there  will 
be  delivered  two  volumes  of  hydrogen  to  one  of  oxygen  gas  ; 
the  hydrogen  gas  tube  terminates  in  a  hollow  cylindrical  jet, 
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inside  of  which  passes  the  jet  of  oxygen  gas.  The  flame 
thus  produced,  resembling  that  of  a  candle^  into  the  interior 
of  which  is  injected  a  stream  of  air,  by  the  blowpipe  in  com- 
mon use.  Another  form  consists  of  a  metallic  box,  made  so 
exceedingly  strong,  that  even  were  the  gases  to  explode 
within  it,  there  could  be  no  danger  of  its  being  burst.  The 
gases,  previously  mixed  in  a  bladder,  are  forced  by  means  of 
a  condensing  syringe  into  the  box,  and  a  sufficient  quantity 
having  been  introduced,  the  condensing  syringe  is  removed, 
and  a  stopcock  connected  with  a  jet  opened.  The  pressure 
of  the  condensed  gas  inside  forces  out  a  stream,  which  is 
ignited,  and  if  the  flame  be  not  allowed  to  burn  too  long,  the 
rapidity  of  the  current  is  sufficient  to  prevent  the  passage 
backwards  of  the  flame.  This  form  is  now,  however,  almost 
totally  superseded  by  the  very  ingenious  safety  cylinder  and 
jet  of  Mr.  Hemming.  It  consists  of  a  brass  cylinder  of  about 
five  or  six  inches  long,  by  three-fourths  of  an  inch  in  diameter, 
which  is  filled  as  closely  as  possible  by  a  bundle  of  fine  brass 
wires,  into  the  centre  of  which,  a  wedge-shaped  brass  rod  is 
introduced  and  driven  very  hard,  so  as  to  pack  the  wires 
closely.  The  interstices  between  the  wires  form  thus  a 
collection  of  exceedingly  minute  tubes,  through  which  the 
gas  must  pass.  To  one  end  of  this  cylinder,  is  connected  a 
bladder  containing  the  mixed  gases,  the  other  end  terminates 
in  a  jet  from  which  the  gas  issues ;  the  flame,  in  passing 
backwards  fi^m  the  jet,  must,  in  its  way  to  the  bladder, 
stream  through  the  metallic  cylinder,  and  then  comes  into 
contact  with  so  great  a  surface,  and  so  large  a  mass  of  ma- 
terial which  conducts  heat  rapidly,  that  the  gases  are  cooled 
far  below  the  temjierature  at  which  their  union  can  occur, 
and  their  farther  combustion  is,  of  course,  prevented. 

For  experiments  upon  a  small  scale,  this  little  apparatus 
combines  the  highest  qualifications  of  convenience,  security, 
and  simplicity. 

In  the  flame  of  the  hydroxy  gen  blowpipe,  the  most  infu- 
sible substances  are  melted ;  flint,  pipeclay,  the  most  refractory 
metals,  as  platinum,  not  merely  fuse,  but  even  appear  to 
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evaporate:  a  rod  of  iron  takes  fire,  and  bums  with  a  bril^ 
liancy  surpassing  that  of  its  combustion  in  oxygen  gas. 
Some  of  the  earths  alone,  are  capable  of  resisting  its  highest 
power.  These,  as  lime  and  magnesia,  particularly  the  former, 
become  in  the  flame  of  the  mixed  gases,  so  brightly  luminous, 
as  to  rival  in  intensity  the  noonday  sun,  and  hence  furnish 
one  of  the  most  important  uses  of  the  blowpipe,  by  serving 
for  optical  purposes,  as  a  substitute  for  the  solar  ray,  which,  in 
our  climate,  is  so  uncertain  in  its  supply*  The  solar  micro- 
scope fitted  up  with  a  ball  of  lime,  ignited  by  a  jet  of  the 
mixed  gases  in  place  of  the  solar  rays,  constitutes  the  hydro* 
oxygen  microscope,  now  a  common  exhibition  in  our  large 
towns,  and  the  same  light  has  been  proposed  for  use  in 
light-houses,  and  has  been  actually  employed  for  signals  in 
connecting  the  trigonometrical  surveys  of  the  British  islands. 
In  one  case  the  light  emitted  by  the  ball  of  Hme  was  distinctly 
visible  at  a  distance  of  seventy  miles. 

A  singular  phenomenon,  which  is  best  produced  by  the 
flame  of  hydrogen,  although  not  peculiar  to  it,  is  the  produc- 
tion of  musical  sounds,  if  an  open  tube  be  held  over  the 
flame.  The  flame,  in  fact,  although  uniform  to  the  eye,  con- 
sists of  a  succession  of  little  explosions  of  mixed  air  and  gas, 
which  recur  too  rapidly  to  be  individually  distinguishable. 
If  the  tube  be  now  held  over  the  flame,  it  will  be  seen  to 
flicker,  and  after  a  few  irregular,  interrupted,  explosive 
sounds,  a  distinct  musical  note  is  heard.  The  explosions  set 
the  air  in  the  tube  to  vibrate,  at  first  irregularly,  but  at  last 
with  such  a  velocity  of  vibration,  as  corresponds  to  the 
length  of  the  tube,  and  to  therapidity  with  which  the  explosive 
mixtures  of  air  and  gas  can  be  formed ;  and  thus,  by  any  of 
the  known  methods  of  determining  the  number  of  vibrations 
corresponding  to  a  given  .note,  the  frequency  of  the  little 
explosions  may  be  found.  Occasionally,  also,  a  distinct 
beat,  or  alternations  of  sound  and  silence,  may  be  heard,  as  in 
two  organs,  which  being  nearly  but  not  completely  in  unison, 
sound  together ;  this  arises  from  a  current  of  hot  air  ascend* 
ing  in  the  centre  of  the  tube,  whilst  a  current  of  cold  air  is 
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formed  next  the  side.    These  do  Bot,  for  a  time,  vibrate  com- 
pletely as  one  mass ;  and  hence,  at  certain  periods,  alter- 
nately  redouble  and  destroy  the  sounds  which  they  produce. 
In  its  relation  to  other  bodies,  hydrogen  plays  a  very  re- 
markable and  peculiar  part.    It  was  at  one  time  supposed 
that  it  shared  with  oxygen  the  power  of  generating  acids,  and 
as  sulphur,  chlorine,  cyanogen,  iodine,  &c.,  form  one  class  of 
acids,  by  combining  with  oxygen,  so  they  formed  a  second  class^ 
called  hydracids,  by  entering  into  union  with  hydrogen,  and 
hydrogen  was  believed  to  be  related  to  hydrochloric  acid,  as 
oxygen  was  to  the  sulphuric  or  the  phosphoric  acids.    In  the 
year  1832, 1  proved  that  this  view  was  totally  incorrect,  and 
that  all  the  properties  of  the  compounds  of  hydrogen  com- 
bfned  to  show,  that  it  was  an  eminently  electro-positive  body, 
that  it  took  a  place  along  with  iron,  manganese,  and  zinc,  and 
that  the  compounds  of  hydrogen  with   chlorine,  oxygen, 
iodine,  and  sulphur,  were  almost  universally  electro-positive 
in  combination,  and  possessed  basic  characters  derived  from 
the  preeminent  positive  energies  of  the  hydrogen  itself.  These 
views  have,  since  that  period,  been  still  further  corroborated 
by  the  researches  of  Graham,  and  by  additional  investiga- 
tions of  my  own ;   and  although  the  old  and  familiar  no- 
menclature will  still  retain  its  place  to  a  great  extent,  yet 
there  rests  now  no  doubt  upon  the  minds  of  philosophical 
chemists,  that  hydrogen  is  most  closely  alUed  to  the  metals, 
particularly  to  zinc  and  copper;  that  the  chlorides,  iodides, 
and  fluorides  of  hydrogen,  although  they  simulate  some  of 
the  characters  which  we  assign  to  acids,  resemble,  in  all  im- 
portant  points,  the  chlorides,  iodides,  &c.  of  the   metals 
above  mentioned ;  that,  in  fact,  hydrogen  is  a  metal,  enor- 
mously volatile,  standing  probably  in  the  same  relation  to 
mercury  that  mercury  does  to  platinum  in  that  respect,  but 
still  possessed  of  all  truly  chemical  peculiarities  of  the  metallic 
state,  and  no  more  deprived  of  the  common-place  qualities 
of  lustre,  hardness,  or  brilliancy,  than  is  the  mercurial  atmos- 
phere which  fills  the  apparently  empty  top  of  the  tube  of  a 
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barometer,  or  the  salivating  atmosphere  of  a  quicksilver  mine, 
or  of  a  gilder's  workshop. 


Of  Water — Oxide  of  Hydrogen* 
H.O. 

It  has  been  already  shown  that  water  consists  of  hydrogen 
and  oxygen  combined,  in  the  proportions  of  two  volumes  of 
the  former  gas  to  one  volume  of  the  latter,  and  by  weight  of 
one  part  of  hydrogen  united  to  eight  of  oxygen,  or  of  11*1 
hydrogen  and  88*9  of  oxygen,  in  100  parts. 

The  exact  determination  of  the  composition  of  water  is 
one  of  the  most  important  investigations  in  the  domain  of 
chemistry,  as  from  the  great  range  of  affinities  which  oxygen 
and  hydrogen  exercise,  and  the  variety  of  compounds  into 
which  they  respectively  enter,  the  numbers  adopted  for  the 
combining  proportions  of  almost  all  other  bodies  hinge  upon 
those  which  are  employed  for  the  constituents  of  water.  It 
has,  consequently,  attracted  the  attention  of  many  distin- 
guished chemists.  But  although  the  determination  of  the 
respective  volumes  in  which  the  oxygen  and  hydrogen  unite» 
as  determined  by  Gay-Lussac,  gave  a  very  accurate  result,  yet 
the  most  positive  determination  was  obtained  by  Berzelius, 
with  the  method  now  to  be  described. 

A  known  weight  of  black  oxide  of  copper  is  introduced 
into  a  glass  tube,  on  which  a  bulb  is  blown,  and  to  the  extre- 
mity of  which  a  flask,  containing  the  materials  for  generating 
pure  hydrogen  gas,  is  connected.  As,  however,  the  hydro- 
gen gas  passes  off  in  a  damp  condition,  and  thus  introdudng 
water  might  falsify  the  result,  there  is  interposed  a  tube 
containing  fragments  of  fused  chloride  of  calcium,  by  which 
the  hydrogen  gas  is  completely  dried,  before  it  comes  into 
contact  with  the  oxide  of  copper.  When  the  apparatus  has 
been  filled  with  pure  dry  hydrogen,  heat  is  applied  to 
the  bulb,  containing  the  black  oxide  of  copper,  and  as  soon 
as  its  temperature  has  been  raised  to  dull  redness,  decom- 
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position  commences.  The  oxide  of  copper  becomes  glow- 
ing red^  and  then^  even  if  the  heat  of  the  lamp  be  muchre- 
duced>  the  reaction  still  goes  on;  the  glowing  gradually  per* 
vades  the  whole  mass,  water  is  formed  and  condensed  on  the 
colder  parts  of  the  tube  in  considerable  quantity^  and  when 
the  reaction  is  completed^  there  remains  in  the  bulb  a  porous 
mass  of  pure  metallic  copper.  It  is  necessary,  however,  to 
determine  exactly  the  quantity  of  water  formed :  for  this  pur- 
pose,, a  small  tube  filled  with  fragments  effused  chloride  of 
calcium,  is  attached  to  the  bulb  tube  by  means  of  a  caout- 
chouc connecter,  and  the  stream  of  hydrogen  gas  is  allowed  to 
continue  through  the  apparatus,  until  the  residual  copper 
has  become  quite  cold,  and  all  traces  of  water  have  been  car- 
ried into  the  chloride  of  calcium  tube,  where  it  is  completely 
absorbed  and  retained.  The  oxide  of  copper  tube  having 
been  weighed  before  and  after  the  experiment,  the  loss  found 
is  the  oxygen  which  has  been  carried  off:  the  chloride  of  cal- 
cium tube  having  been  also  weighed  before  and  after,  the 
gain  gives  the  weight  of  water  formed,  and  hence,  the  com- 
position of  water  may  easily  be  calculated,  thus : 

100  parts  of  black  oxide  of  copper  give 
79'85  of  metallic  copper,  and  lose 
20*15  of  oxygen,  which  form 
22-67  of  water; 

consequently,  22'67  of  water  consist  of 

20*15  of  oxygen, 
2*52  of  hydrogen; 

or  in  100  parts, 

88*9  of  oxygen, 
11*1  of  hydrogen. 

To  determine  the  combining  equivalents  of  these  sub- 
stances, or,  in  theoretical  language,  their  atomic  weights, 
it  is  first  necessary  to  ascertain  what  grounds  there  are  for 
deciding  on  the  atomic  constitution  of  water. 
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It  has  been  already  mentioned  that  at  one  tune  equal 
volumes  of  all  gases  were  considered  to  contain  the  same 
number  of  atoms ;  and  hence^  as  water  is  formed  by  the 
union  of  one  volume  of  oxygen  and  two  of  hydrogen,  it  was 
considered  by  some  chemists  to  consist  of  one  atom  of  oxygen 
united  to  two  of  hydrogen;  therefore,  if  we  take  oxygen  as 
the  standard  of  atomic  weights,  and  call  its  equivalent  num- 
ber 100,  the  result  would  be  that  88-9:  IM::  100: 12*48  = 
weight  of  two  atoms  of  hydrogen ;  and  hence  the  atomic 
weight  of  hydrogen  should  be  6*24.  To  the  adoption  of  this 
number  there  are  very  many  objections ;  1st,  The  ground 
upon  which  it  was  first  adopted  has  been  proved  to  be  false, 
as  the  same  volumes  of  all  gases  certainly  do  not  contain  the 
same  number  of  chemical  atoms ;  and  although  hydrogen 
enters  so  much  into  combination,  it  is  but  very  rarely  that  it 
does  so  in  the  proportion  of  6'24.  Likewise  water,  in  all 
the  modes  in  which  it  is  capable  of  combining,  does  so  in  a 
quantity  containing  12*48,  and  not  6*24;  and,  finally,  water 
in  combination  alUes  itself  to  a  variety  of  metallic  oxides,  all 
of  which  there  is  the  strongest  reason  for  supposing  to  be 
composed  of  one  equivalent  or  atom  of  the  metal  united 
with  one  of  oxygen. 

Water  is,  therefore,  assumed  to  be  composed  of  an  equi- 
valent of  each  of  its  constituents,  and  according  as  the  stand- 
ard of  oxygen  or  of  hydrogen  is  taken,  its  atomic  weight  is 

One  atom  of  oxygen,     .     .     100*00  8 

One  atom  of  hydrogen,      .       12*24  1 

112-24  9 

Water  is  colourless,  transparent,  destitute  of  taste  and 
smell.  If  agitated,  it  solidifies  at  a  temperature  of  32^  F. 
(0. Centigrade),  but  if  preserved  quiescent,  it  may  be  cooled 
much  lower  without  freezing ;  if  it  be  then  touched  or  sha- 
ken, a  portion  is  immediately  converted  into  ice,  and  the 
temperature  of  the  whole  is  raised  to  32°.  In  freezing 
M'ater  expands  very  much,  and  exerts  therein  so  great  a 
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force  as  to  burst  tbe  strongest  yessels  in  which  it  is  con- 
tained. It  is  thus  that  the  surfaces  of  the  hardest  rocks  are 
gradually  crumbled  into  soil  fit  for  the  support  of  vegetable 
life ;  the  water  percolating  into  minute  crevices  and  fissures 
during  the  warmer  months,  and,  when^frozen  in  winter,  break- 
ing down  by  repeated  and  increasing  expansive  efibrts  during 
successive  years,  the  substance  of  masses,  which  should  ap- 
pear from  compactness  and  hardness  fitted  to  withstand  the 
severest  efiects  of  time  and  climate. 

The  specific  gravity  of  steam,  such  as  it  would  be  at  the 
standard  temperature  and  pressure,  is  found  to  be  620*1^ 
atmospheric  air  being  1000*0.  Two  volumes  of  steam  con- 
tain two  of  hydrogen  and  one  of  oxygen;  hence  there  is  a 
condensation  of  three  volumes  to  two  produced  by  the  union 
of  the  gases.    The  calculated  result  is  thus  found : 

Two  volumea  of  hydrogen,  68-8  X  2  =    137-6 
One  volume  of  oxygen,   ....     z:  11 02*6 

give  two  volumes  of  vapour  of  water,    =  1240*2 

hence  one  volume  of  vapour  of  water,    =    620*1 

In  forming  steam  at  212^,  and  a  pressure  of  30  inches 
mercury,  water  expands  to  1696  times  its  volume,  according 
to  the  determination  of  Gay-Lussac,  which  gives  almost  exactly 
the  proportion  ofa  cubic  inch  of  water  forming  a  cubic  foot  of 
steam^  which  contains  1728  cubic  inches. 

The  solution  of  gases  in  water  appears  to  be  governed  by 
principles  simOar  to  those  which  regulate  the  solvent  action 
of  water  upon  solid  bodies.  In  some  instances  there  cer- 
tainly takes  place  chemical  union,  as  in  the  case  of  muriatic 
acid  gas  and  ammonia ;  and  in  these  cases  the  condensation 
of  the  gases  by  the  water  is  accompanied  by  the  evolution  of 
considerable  heat.  But  in  other  cases,  particularly  where 
the  quantity  of  gas  is  small,  the  result  appears  to  be  merely 
a  mechanical  distribution  of  the  molecules  of  the  gas  through- 
out the  mass  of  the  liquid.    The  following  is  a  table  of  the 
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quantity  of  these  gases  absorbed  by  water  without  combi- 
nation. 

100  volumes  of  water  at  60°  Far.  and  30  inches  Bar. 
absorb  of 

Sulphuretted  hydrogen,    ....  253  vol. 

Sulphurous  acid, 438 

Chlorine, 206 

Carbonic  acid, 100 

Nitrous  oxide, 76 

Olefiant  gas, 12*5 

Oxygen, 8 '7 

Nitrogen,  1 ^  ^ 

Hydrogen,  5 

The  mixture  of  nitrogen  and  oxygen,  which  constitutes 
the  air  we  breath,  is  absorbed  by  water,  and  it  is  to  the  air 
thus  dissolved,  that  water  in  great  part  owes  its  refreshing 
taste.  If  water  be  boiled,  this  air  is  expelled,  and  this 
should  be  done,  if  it  be  wished  to  saturate  the  water  with 
any  other  gas,  as  the  power  of  water  to  absorb  any  other  gas 
is  remarkably  diminished  by  the  presence  of  even  a  small 
quantity  of  air.  If  water  already  saturated  with  one  gas,  be 
exposed  to  the  action  of  a  second,  it  lets  a  portion  of  the  first 
escape,  and  absorbs  a  corresponding  quantity  of  the  second. 
In  this  way,  a  very  small  quantity  of  a  sparingly  soluble  gas 
may  expel  a  large  quantity  of  one  much  more  soluble.  A 
familiar  example  of  this  fact  consists  in  taking  a  glass  half 
full  of  champagne,  and  having  formed  the  palm  of  the  hand 
into  a  hollow  cup,  to  strike  the  top  of  the  glass,  closing  the 
glass  and  flattening  the  hand  at  the  same  time ;  the  air  above 
the  wine  is  thus  forcibly  compressed,  and  a  portion  is  then 
absorbed,  under  pressure,  by  the  fluid,  firom  which  a  quantity 
of  carbonic  acid  is  expelled,  greater  than  that  of  air  absorbed 
in  the  proportion  of  1060  to  16,  and  thus  the  eflfervescent 
character  of  the  wine  restored. 

Notwithstanding  this  character  ofueutrality,  which  renders 
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water  so  useful  as  a  vehicle  or  solvent  for  more  energetic 
bodies,  water  is  actively  engaged  in  a  great  variety  of  che- 
mical reactions,  in  which  its  elements  separating  from  one 
another,  appear  in  an  isolated  state,  or  by  combining  with  other 
substances  which  may  be  present,  generate  new  compounds. 
Even,  however  independent  of  decomposition,  water  plays 
a  most  important  part  in  chemical  theory,  from  the  numerous 
classes  of  compounds  of  which  it  forms  a  constituent.  The 
generality  of  saline  bodies,  in  crystallizing,  retain  a  quantity 
of  water,  often  more  than  one-half  their  weight;  this  is  termed 
water  of  crystallization.  On  the  application  of  a  moderate 
heat,  this  water  separates,  and  frequently  the  salt  dissolves 
in  its  own  wafer  of  crystallization  on  being  heated,  under- 
going vrhat  is  termed  watery  fusion. 

Salts  containing  water  of  crystallization,  often  attract  still 
more  if  surrounded  by  damp  air,  and  fall  into  a  liquid  state; 
such  are  termed  deliquescent  salts ;  others  on  the  contrary, 
give  ofi*  their  water  of  crystallization  even  at  ordinary  tem- 
peratures, if  the  air  be  moderately  dry ;  some,  such  as  the 
carbonate  and  sulphate  of  soda,  losing  all,  others,  as  the 
phosphate  of  soda,  only  a  portion  of  that  constituent;  these 
are  termed  efflorescent  salts ;  when  the  effloresence  is  com- 
plete, they  lose  their  crystalline  arrangement  and  fall  to 
powder. 

Graham  has  shewn,  that  in  many  classes  of  salts,  parti- 
cularly the  sulphates,  one  portion  of  the  water  is  much  more 
iotimately  united  than  the  remainder ;  that  in  fact,  in  addi- 
tion to  the  mere  water  of  crystallization,  which  may  be  re- 
moved without  injury,  there  is  water  essential  to  the  consti- 
tution of  the  salt,  and  replaced  by  other  bodies  when  the 
salt  enters  into  combination.  Thus,  in  the  common  crystal- 
lized sulphate  of  copper,  there  are  five  atoms  of  water,  of 
whicbfour  are  removable  by  atemperatureof  ldO^,butthefifth 
withstands  a  temperature  ofSOO°.  The  formula  of  this  salt  is, 
therefore,  notCuO.Soa+SHO.but  CuO.SO3.HO  +  4H0. 
the  four  atoms  bemg  water  of  crystallization ;  now  if  this  salt 
be  combined  with  sulphate  of  potash,  this  fifth  atom  of 
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water  disappears^  and  the  double  salt  is  (CuO.SOa)  (KO .  SO3) 
+  4 HO;  the  K6.SO3  having  entered  into  the  place  of 
the  water  which  had  been  expelled;  water  thus  circum- 
stanced is  termed  constitutional  water,  as  being  necessary  to 
the  complete  constitution  of  the  substance. 

Water,  in  combination  with  the  stronger  acids,  is  capable 
of  acting  as  a  base,  and,  indeed,  we  know  of  the  existence  of 
many  acids  only  in  the  form  of  their  compounds  with  water. 
Thus,  the  nitric,  the  chloric,  the  oxalic,  the  acetic  acids, 
have  never  been  obtained  in  a  separate  form;  what  we 
generally  term  those  acids  being,  in  reality,  compounds  of 
these  acids  with  water ;  salts  of  water.  Oil  of  vitriol  is  a 
compound  of  sulphuric  acid  and  water,  sulphate  of  water, 
and  it  combines  with  more  water,  producing  great  heat,  to 
form  a  sulphate  of  water,  with  excess  of  base,  precisely  as 
the  sulphate  of  copper  combines  with  more  oxide  of  copper 
to  produce  a  corresponding  basic  salt.  The  salts  of  water 
possess  the  most  complete  similarity  with  those  of  zinc  and 
copper,  and  it  is  from  their  comparative  study,  that  the  evi- 
dence in  favour  of  the  view  inculcated  already,  of  hydrogen 
being  a  volatile  metal,  has  been  in  greatest  part  derived. 

Water  combines  also  with  bases :  the  majority  of  me- 
tallic oxides  combine  with  water,  often  with  the  evolution  of 
considerable  heat.  The  slaking  of  lime,  which  is  the  act  of 
combination  of  dry  lime  with  water,  produces  so  much  heat 
as  to  ignite  gunpowder,  and  when  in  large  quantity,  to  be- 
come red  hot.  Ships  laden  with  lime  have  often  been 
burned  at  sea,  from  water  getting  into  the  hold  among  the 
lime,  and  so  much  heat  being  evolved  as  to  set  the  ship  on 
fire.  Barytes  and  strontia  produce,  in  slaking,  still  more 
heat.  Potash  retains  water  so  strongly  that  it  can  only  be 
obtained  free  from  it  by  the  direct  combustion  of  the  metal, 
potassium,  in  dry  oxygen  gas  or  air.  In  relation  to  these 
powerful  bases,  water  appears,  therefore,  to  act  the  part  of 
a  feeble  acid. 

The  compounds  of  water  have  been  generally  termed  by 
chemists  hydrates ;  thus,  hydrate  of  lime,  hydrated  oxide  of 
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copper,  hydrated  sulphuric  acid^  hydrated  sulphate  of  zinc. 
The  Tery  different  functions  performed  by  water^  in  the 
various  modes  of  combination  it  affects,  render  it  necessary 
to  adopt  a  definite  principle  of  nomenclature  in  this  respect. 
In  the  subsequent  pages  I  shall  employ  the  word  hydrate 
only  where  the  water  is  combined  with  a  base,  such  as  a  me- 
tallic oxide ;  thus,  hydrate  of  lime,  hydrate  of  potash,  hy- 
drated oxide  of  lead.  Where  the  water  is  united  to  an 
acid,  I  shall,  in  all  cases  in  which  the  true  chemical  nature 
of  the  compound  comes  into  play,  term  it  a  salt ;  as  sulphate 
of  water,  oxalate  of  water,  &c.;  but  where  no  strict  theo- 
retical explanation  is  involved,  I  shall  continue  to  use  the 
common  name,  as  oil  of  vitriol,  strong  sulphuric  acid,  oxalic 
acid,  aquafortis,  &c.  There  is  no  name  peculiarly  appli- 
cable to  the  form  of  compounds  which  contains  constitu- 
tional water,  but  it  will  serve  as  well  to  characterize  the 
absence  or  deprivation  of  this  water,  by  the  word  anhydrous; 
the  ordinary  name  of  the  substance  being  supposed  to  in- 
clude the  combined  water ;  thus,  common  sulphate  of  zinc, 
fireed  from  water  of  crystallization,  is  ZnO.SO3.HO ;  anhy- 
hydrous  sulphate  of  zinc  is  ZnO.SOa. 

Where  there  exists  water  of  crystallization  in  a  salt,  it  is 

of  course  included  when  the  salt  is  spoken  of  as  crystallized. 

In  formulae,  for  the  purpose  of  distinguishing  between  water 

of  crystallization  and  water  more  closely  united,  the  latter 

will  always  be  marked  by  the  symbols  of  its  constituents,  the 

ibrmer  by  the  two  initial  letters  of  the  Latin  word,  aqua^  aq. ; 

thus,   the  crystallized  oxalic    acid  is   C3O3 .  HO  +  2  Aq. 

The  phosphate  of  soda  is  P2O5  +  2NaO.H0  -f-  24  Aq. 

Water  does  not  exist  in  nature  in  a  perfectly  pure  con- 
dition. It  contains  dissolved  a  small  portion  of  atmospheric 
air  and  of  carbonic  acid,  and  also  certain  quantities  of  solid 
impurities,  of  which  common  salt,  sulphates  and  carbonates 
of  lime,  and  chloride  of  magnesium,  are  the  most  important. 
In  particular  localities,  the  water  issuing  from  the  earth  con- 
tains iron^  and  often  sulphuretted  hydrogen ;  also  traces  of 
iodine  and  bromine  ;  and  occasionally  the  quantity  of  these 
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foreign  matters  present  is  so  great  as  to  confer  upon  the 
water  medicinal  properties,  and  to  make  such  springs  under 
the  name  of  mineral  springs,  spas,  be  resorted  to  for  the 
purpose  of  preserving  or  recovering  health.  These  impuri* 
ties  arise  from  the  water,  in  percolating  through  the  porous 
rocky  strata,  of  which  the  mountains  and  general  crust  of 
the  earth  are  composed,  dissolving  in  small  quantity  almost 
all  the  substances  it  meets.  Hence,  riun  water  or  snow 
water,  collected  at  a  distance  from  houses,  is  the  purest 
water  which  can  be  obtained  in  nature.  It  contains  only 
some  carbonic  acid  and  air  dissolved.  The  sea  being  the 
general  reservoir  into  which  all  the  rivers  of  the  earth  dis- 
charge their  waters,  contains  in  a  concentrated  form  all  the 
materials  which  the  river  waters  had  carried  down.  Although 
not  of  absolutely  the  same  constitution  all  over  the  globe, 
yet  it  varies  so  little  that  the  deviation  may  be  explained  by 
local  cifctmistances.  It  is  in  many  countries  the  source 
from  which  common  salt  and  sulphate  of  magnesia  are  de- 
rived. When  sea  water  freezes,  the  ice  contains  scarcely  a 
trace  of  saline  matter,  so  that  when  melted,  it  forms  a  sweet 
drinkable  water.  Hence,  in  voyages  in  the  Northern  Seas 
supplies  of  fresh  water  are  obtained  by  chopping  blocks  of 
ice  from  the  frozen  surface  of  the  ocean.  To  obtain  water 
pure  for  chemical  purposes,  it  is  necessary  to  distil  it.  The 
saline  and  fixed  impurities  remain  behind,  the  pure  water 
passes  over.  Its  purity  may  be  ascertained  by  means  of  the 
reagents  fitted  to  detect  the  most  important  impurities.  Thus, 
if  firee  from  common  salt,  it  will  give  no  precipitate  with  a 
solution  of  nitrate  of  silver ;  if  free  from  lime,  it  will  not  be 
affected  by  oxalic  acid ;  and  if  it  be  not  rendered  turbid  by 
nitrate  of  barytes,  it  cannot  contain  sulphuric  acid. 

From  the  inactivity  of  water,  and  the  facility  with  which 
it  may  be  obtained  pure,  as  well  as  the  important  part  which 
it  plays  in  the  economy  of  nature,  it  is  taken  as  the  stand<» 
ard  with  which  the  properties  of  other  bodies,  when  nume- 
rically determined,  are  compared.  Thus,  the  specific  heats 
of  solids  and  liquids  are  reduced  to  a  scale,  water  being  taken 
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as  1-000.  The  specific  gravities  of  liquids  and  solids  are  also 
taken  in  numbers,  that  of  water  being  the  standard.  If,  how- 
ever, the  specific  gravities  and  heats  of  gases  and  vapours 
were  reduced  to  the  standard  of  water,  the  fractions  by  which 
they  should  be  expressed  would  be  inconveniently  small ; 
and  hence,  for  this  class  of  bodies,  a  better  suited  standard 
substance  is  found  in  atmospheric  air. 

Of  Oxygenated  Water.    Peroxide  of  Hydrogen. 
HO  +  O  or  HO2 

This  singular  substance  was  first  discovered  by  Thenard; 
its  preparation  is  somewhat  circuitous  and  indirect ;  oxygen 
and  hydrogen  not  combining  with  each  other  directly  in  any 
other  proportions,  but  those  which  form  water. 

For  its  preparation,  peroxide  of  barium  must  be  first  pro- 
cured ;  this  is  prepared  by  placing  pure  barytes  (oxide  of 
barium)  in  a  porcelain  tube,  which  is  heated  to  redness  in  a 
charcoal  furnace,  and  then  a  stream  of  pure  oxygen  gas 
passed  over  it  as  long  as  it  is  absorbed ;  the  barytes  absorbs 
as  much  more  oxygen  as  it  already  contained,  and  from  BaO 
becomes  BaOa. 

This  substance  may  be  still  more  easily  prepared,  by 
mixing  pure  barytes  with  its  weight  of  chlorate  of  potash  and 
heating  it  nearly  to  redness ;  when  the  disengagement  of 
oxygen  fi"om  the  chlorate  of  potash  has  set  in,  the  mass 
becomes  glowing  red  at  one  point,  and  this  appearance 
spreads  over  the  whole  mass,  like  tinder.  The  barytes  burns 
as  it  were  in  the  atmosphere  of  oxygen,  and  forms  the  deu- 
toxide  of  barium.  If,  then,  the  residual  mass  be  washed 
with  water,  the  chloride  of  potassium,  which  remains  from 
the  chlorate  of  potash,  is  dissolved,  and  the  deutoxide  of 
barium,  combining  with  an  equivalent  of  water  to  form  a 
bulky,  white,  insoluble  hydrate,  remains  behind,  and  may  be 
collected  on  a  filter. 

The  best  mode  of  obtaining  peroxide  of  hydrogen  from 
this  substance  is  that  proposed  by  Pelouze.  To  dilute 
hydrofluoric  acid,  (fluoride  of  hydrogen,)  the  peroxide  of 
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barium  is  added^  until  the  acidity  of  the  liquor  is  completely 
neutralized.  The  reaction  is  very  simple;  the  fluorine 
combines  with  the  barium,  whilst  all  the  oxygen  is  trans^^ 
ferred  to  the  hydrogen,  which  the  fluoric  acid  abandons ; 
thus,  H.F  +  BaOa  =  Ba.F  +  HO,. 

The  fluoride  of  barium  is  insoluble,  and  may  be  collected 
on  a  filter  along  with  the  excess  of  peroxide  of  barium ;  the 
liquor  contains  only  pure  oxygenated  water.  Fluosilicic 
acid,  which  is  cheaper,  and  more  convenient  than  the  fluoric 
acid,  may  also  be  used  in  this  decomposition.  The  fluosili- 
cate  of  barium  separates  as  an  insoluble  white  powder,  and 
the  peroxide  of  hydrogen  remains  dissolved. 

Thenard*8  plan  consisted  in  dissolving  the  peroxide  of 
barium  in  dilute  muriatic  acid,  and  then  precipitating  the 
barytes  by  sulphuric  acid.  The  muriatic  acid  which 
became  free,  was  then  neutralized  by  another  portion  of 
peroxide  of  barium,  and  this  again  precipitated  by  sulphuric 
acid.  When  the  liquor  had  become  strong  enough,  the 
free  muriatic  acid  was  removed  by  the  cautious  addition  of 
sulphate  of  silver,  and  the  sulphuric  acid  then  evolved  was 
precipitated  by  the  addition  of  pure  barytes,  carefully  avoid- 
ing an  excess. 

The  weak  solution  of  peroxide  of  hydrogen  thus  ob- 
tained, must  be  placed  along  with  a  capsule  of  sulphuric 
acid,  under  the  exhausted  receiver  of  the  air  pump*  llie 
water  being  more  volatile,  evaporates  first,  and  th^  liquor 
gradually  becomes  more  concentrated,  until,  finally,  the  per- 
oxide of  hydrogen  remains  pure  behind.  If  left  too  long 
in  the  exhausted  vessel,  it  evaporates  itself  without  altera- 
tion. 

Peroxide  of  hydrogen  b  a  thick,  colourless  liquid.  Its 
specific  gravity  is  1*452.  It  has  a  nauseous  taste,  and  irri- 
tates the  skin.  It  bleaches  and  destroys  all  vegetable  co- 
lours. Its  reactions  are  generally  so  violent  that  it  must  be 
diluted  with  many  times  its  volume  of  water  before  they  can 
be  accurately  observed. 

Its  most  curious  property  is,  that  by  being  put  in  contact 
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with  any  one  of  a  great  number  of  solid  substances,  it  is  de- 
composed with  great  rapidity,  beii^  resolved  into  oxygen 
and  water.    Black  oxide  of  manganese  is  one  of  the  most 
active.    If  a  little  of  this  substance,  in  powder,  be  intro- 
duced into  strong  peroxide  of  hydrogen,  in  a  graduated 
tube,  over  mercury,  the  latter  is  decomposed  almost  explo- 
sively, disengaging  475  times  its  volume   of  oxygen;  the 
oxide  of  manganese  remaining  perfectly  unaltered*    Plati- 
num, gold,  silver,  quicksilver,  particularly  if  the  metal  be  in 
the  form  of  leaf,  or  sponge,  produce  the  same  etkct;  and  if 
the  peroxide  of  hydrogen  be  put  into  contact  with  an  oxide  of 
these  metals,  as  oxide  of  silver,  it  is  not  merely  decomposed 
itself,  but  the  oxide  is  also  decomposed,  the  oxygen  and 
metal  both  becoming  free.    In  the  dark,  and  with  strong 
peroxide  of  hydrogen,  a  flash  of  light  is  seen  to  accompany 
its  decomposition,  and  the  tube  becomes  red  hot.     The  de- 
composition of  the  oxide  of  silver  cannot,  however,  be  re- 
ferred to  the  great  heat  produced,  as  even  if  the  peroxide 
of  hydrogen  be  diluted  with  fifty  times  its  volume  of  water, 
oxide  of  silver  produces  complete  decomposition,  evolution  of 
oxygen,  and  separation  of  metallic  silver,  yet  the  efiervescence 
b  not  very  energetic,  and  the  liquor  does  not  become  sensibly 
warm  to  the  hand* 

With  other  metals,  the  oxygen,  in  place  of  becoming 

free,  enters  into  combination,  forming  an  oxide  of  a  higher 

degree;  thus,  with  the  oxides  of  lead  and  bismuth,  there  are 

formed  peroxides  of  those  metals,  with  arsenic  there  is  formed 

arsenic  acid*    The  animal  substances  fibrine  and  albumen, 

which  are  so  similar  in  most  respects,  are  distinguished  from 

each  other  by  their  action  on  this  body,  fibrine  decomposing 

it  with  rapidity,  whilst  albumen  is  without  efiect*     It  is 

highly  probable,  that  in  the  decomposition  of  water  by  the 

▼oltaic  pile,  some  of  this  compound  may  be  formed,  as  the 

quantity  of  oxygen  collected  is  firequently  smaller  than  it 

should  be ;  and  a  portion  of  the  process  of  bleaching*  by  ex. 

posing  the  wetted  cloth  to  the  action  of  light  and  air,  may 
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possibly  be  carried  on  by  the  formation  and  subsequent  de- 
composition of  this  substance. 

Peroxide  of  hydrogen,  when  kept  for  any  length  of  time, 
even  in  a  dilute  condition^  gradually  decomposes,  oxygen 
being  given  off,  and  water  remaining  behind.  The  presence 
of  an  acid  in  the  liquor  retards  this  action  very  much,  whilst 
the  presence  of  an  alkali  accelerates  it.  It  was  in  great  part 
from  the  remarkable  characters  of  this  body,  that  Berzelius 
derived  his  evidence  in  favour  of  the  existence  of  a  catalytic 
force,  influencing  chemical  action,  which  has  been  described 
already. 

Of  Nitrogen. 

N. 

It  has  been  already  noticed,  that  the  substance  by  which 
the  oxygen  is  diluted  in  atmospheric  air,  so  as  to  render  it  suit^ 
able  to  the  respiration  of  animals,  is  called  nitrogen,  from  its 
being  the  basis  of  nitric  acid  and  nitre,  (the  nitre  former.) 
It  is  also  called  by  some  chemists  axotCj  from  its  incapability 
of  supporting  Ufe ;  but  as  a  great  number  of  gases  resemble 
it  in  that  respect,  the  former  name  is  the  more  characteristic, 
and  it  alone  shall  be  hereafter  used. 

As  nitrogen  exists  in  great  quan- 
tity in  the  air  we  breathe,  it  is  most 
easily  obtained  by  acting  upon  a  con- 
fined portion  of  the  air  so  as  to  ab« 
stract  the  oxygen,  when  the  residual 
gas  is  found  to  be  nitrogen  almost 
completely  pure.  Thus,  if  a  small 
piece  of  phosphorus,  laid  in  a  cup  cl  floating  on  water,  be  set 
on  fire,  and  a  bell  glass  a  be  inverted  over  it,  the  phosphorus, 
in  burning,  unites  with  the  oxygen  of  the  air,  and  forms  white 
fumes  of  phosphoric  acid.  At  first,  firom  the  great  expan- 
sion of  the  air  caused  by  the  high  temperature  of  the  flame, 
some  bubbles  escape  from  under  the  edge  of  the  glass, 
but  soon,  even  before  the  phosphorus  has  ceased  to  burn, 
the  water  begins  to  rise  in  the  bell,  and  finally,  the  clouds 


NITROGEN  GAS.  423 

of  phosphoric  acid  gradually  dissolving  in  the  water,  the 
residual  gas  will  be  found  to  occupy  about  four-fifths  of 
the  original  volume  of  the  air,  and  to  be  colourless  as  the 
air  had  been  before.  Any  other  burning  body  would  answer 
the  same  purpose,  although  not  so  perfectly  as  the  phospho- 
rus. Thus,  if  spirit  of  wine,  or  pyroxylic  spirit,  or  ether, 
which  bum  without  smoke,  be  placed  in  the  little  cup,  and 
set  on  fire  under  the  bell  glass,  as  in  the  former  instance,  the 
inflammable  constituents,  carbon  and  hydrogen,  combine 
with  the  oxygen  of  the  air,  forming  carbonic  oxide  and 
water ;  the  nitrogen  remaining  behind.  The  gas  thus  ob- 
tuned  must  be  washed  well  with  water,  or  better,  a  little 
solution  of  potash,  to  remove  the  carbonic  acid,  and  eVen 
then  the  nitrogen  contains  some  oxygen  unconsumed ;  for 
in  every  case  where  carbonic  acid  is  formed  by  a  burning 
body,  the  combustion  ceases  before  all  the  oxygen  present 
has  been  consumed,  the  carbonic  acid  exercising  on  combus- 
tion a  positively  impeding  power,  similar  to  that  which  it  has 
on  respiration.  The  purest  nitrogen  is  consequently  ob- 
tained by  means  of  phosphorus* 

Independent  of  this  source  of  nitrogen  in  atmospherie 
ur,  it  may  be  obtained  indirectly  from  a  great  number  of 
substances.  Thus,  most  animal  substances  contain  nitrogen, 
in  large  quantity,  united  to  carbon,  hydrogen,  and  oxygen. 
If,  therefore,  some  pieces  of  muscle,  or  albumen,  or  gelatine, 
be  boiled  in  a  retort  with  some  nitric  acid,  the  oxygen  of  the 
nitric  acid  combines  with  the  carbon  and  hydrogen  of  the 
animal  substance,  forming  different  compounds  according  to 
the  temperature  and  the  proportions,  whilst  the  nitrogen  of 
both  is  disengaged. 

If  a  gas,  termed  nitrous  oxide,  which  will  be  described  in  a 
subsequent  section,  be  put  into  contact  with  a  slip  of  metal- 
lic zinc,  at  the  moment  of  its  formation  the  zinc  deprives  it 
of  its  oxygen,  forming  oxide  of  zinc,  and  the  nitrogen  is  set 
free.  The  apparatus  used  for  this  purpose  consists  of  a 
tabulated  retort,  into  which  is  introduced  the  salt  (nitrate  of 
ammonia),  which,  when  heated,  yields  nitrous  oxide.    Into 
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the  tubulure  is  fitted  a  cork,  through  which  passes  a  coppev 
wire,  to  the  end  of  which  a  slip  of  zinc  is  fastened.  To  the 
neck  of  the  retort  a  bent  tube  is  adapted,  passing  to  the 
pneumatic  trough.  Heat  being  applied  to  the  retort  by 
means  of  a  lamp,  the  salt  melts,  and  then  begins  to  emit  gas. 
At  this  moment  the  copper  wire  is  depressed,  so  that  the 
slip  of  zinc  may  touch  the  surface  of  the  melted  mass.  The 
effervescence  immediately  becomes  much  more  violent,  white 
clouds  of  oxide  of  zinc  are  formed,  and  the  gas,  which  passes 
over,  is  nitrogen  quite  pure.  The  theory  of  the  formation  of 
the  nitrous  oxide  will  be  noticed  under  the  proper  head.  Its 
decomposition  by  the  zinc  is  simple :  nitrous  oxide  is  NO, 
and  acted  on  by  Zn  their  products  are  N  and  ZnO. 

If  ammonia  dissolved  in  water  be  exposed  to  the  action 
of  a  current  of  chlorine,  it  is  decomposed,  salammoniac  is 
formed,  and  nitrogen  gas  is  disengaged.  The  solution  of 
ammonia  may  be  contained  in  a  bottle  with  a  wide  neck,  gy  to 
which  a  cork  is  fitted,  perforated  to  admit  two  tubes,  the  one, 
/,  conveying  the  chlorine  from  the  vessel  a,  in  which  it  is  dis- 
engaged, and  opening  under  the 
surface  of  the  liquid  near  the 
bottom,  the  other  projecting  but 
little  under  the  cork,  and  lead- 
ing to  the  pneumatic  trough. 
The  action  of  the  chlorine  upon 
the  ammonia  is  accompanied  by 
the  formation  of  white  jfumes 
and  the  evolution  of  much  heat.  If  the  solution  be  strong,  a 
flash  of  light  is  seen  at  the  entrance  of  each  bubble  of  chlo- 
rine gas  ;  but  these  are  not  attended  with  any  danger.  The 
ammonia,  however,  must,  all  through  the  process,  be  kept  in 
excess,  as,  were  the  chlorine  in  excess,  it  might  produce  a 
body,  chloride  of  amidogene,  possessed  of  the  most  eminently 
dangerous  explosive  properties. 

The  reaction  which  here  takes  place  may  be  simply 
shown.  Ammonia  consists  of  one  equivalent  of  nitrogen  and 
three  of  hydrogen ;  by  the  action  of  three  equivalents  of 
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chlorine  there  are  formed  three  of  chloride  of  hydrogen^ 
(muriatic  acid,)  which  unite  then  with  three  equivalents  of 
ammonia  to  form  three  of  salammoniac  (muriate  of  ammonia.) 
Thus,  (N  +  SH)  and  3C1  give  N  and  (3C1H),  which  combine 
with  3NH3  to  form  ^(ClH.NHs),  one  equivalent  of  nitrogen 
becoming  free. 

Nitrogen,  when  obtained  by  any  of  these  processes,  is  a 
permanent  gas,  colourless  and  transparent;  it  is  absorbed  by 
water  only  in  very  small  quantity.  It  is  lighter  than  atmos- 
pheric air,  its  specific  gravity  being  976,  air  being  1000.  It 
is  characterised  by  the  complete  absence  of  the  positive  pro- 
perties which  distinguish  other  gases.  Thus,  it  does  not 
support  combustion  or  respiration ;  it  extinguishes  a  taper, 
and  animals  are  suffocated  in  it ;  but  these  effects  appear  to 
be  due  only  to  the  absence  of  oxygen. 

Although  nitrogen  is  thus  incapable  of  combining  directly 
with  oxygen,  yet  by  indirect  methods,  they  may  be  made  to 
unite,  and  the  compounds  formed  of  these  elements  are 
surpassed  in  number  and  importance  by  few  series  of  binary 
combinations.  When  oxygen  and  nitrogen  combine,  their 
result  is  almost  universally  that  which  contains  most  oxygen^ 
nitric  add;  their  union  may  be  effected  by  the  electric 
spark,  provided  water,  or  a  solution  of  an  alcali  be  present; 
hence  rain  water  often  contains  traces  of  nitric  acid,  parti* 
cularly  if  its  deposition  has  been  preceded  by  discharges  of 
lightning  between  the  clouds ;  and  lime  or  potash  contained 
in  old  walls  are  found,  after  a  certain  time,  to  be  neutralized 
by  nitric  acid.  A  mixture  of  ammonia  and  oxygen  may  be 
converted  into  nitric  acid  and  water,  likewise,  by  spongy 
platinum  at  a  temperature  of  572^. 

The  combining  proportion  of  nitrogen  is,  on  the  hydro- 
gen scale,  14*0,  and  on  the  oxygen  scale,  175.  In  a  great 
number  of  instances,  however,  it  appears  to  enter  into  com- 
bination with  one-third  of  its  ordinary  equivalent,  and  I  have 
found  this  peculiarity  to  extend  to  arsenic  and  phosphorus, 
which  are  so  closely  assimilated  to  it  throughout  their  che«< 
mical  relations. 
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Before  entering  upon  the  history  of  the  compoands  of 
nitrogen  with  oxygen,  I  shall  describe  more  particularly  the 
properties  and  composition  of  atmospheric  airi  which,  being 
of  so  much  importance  in  the  majority  of  chemical  reactions 
which  occur  on  a  large  scale,  and  being  assumed  as  the 
standard  of  properties  for  gaseous  and  vaporous  bodies, 
deserves  minute  attention. 

Of  the  Atmosphere. 

The  analysis  of  atmospheric  ur  was  the  first  important 
problem,  in  the  chemistry  of  gaseous  bodies,  with  which  che- 
mists occupied  themselves,  and  hence  the  names  of  instru- 
ments originally   devised  for  examining  atmospheric  air, 
became  generally  used  to  indicate  those  employed  in  the 
analysis  of  gaseous  mixtures  or  compounds  of  any  kind.   The 
word  eudiometer  signifies  a  measurer  of  the  goodness  of  the 
air,  and  from   the  interest  which  the  problem  presented, 
numerous  methods  were  early  invented,  although  it  is  only 
recently  that  very  great  precision  in  the  results .  has  been 
obtained.     It  was  at  first  believed,  that  the  relative  salubri- 
ties of  districts,  and  even  of  different  localities  in  the  same 
neighbourhood,'  could  be  determined  by  the  proportions  of 
oxygen  and  nitrogen,  which  the  air  of  these  places  might 
contain ;  and  that  the  admixture  of  pernicious  substances, 
exhaling  from  a  marsh,  or  generated  within  the  ill-ventilated 
apartments  of  an  hospital  or  of  a  jail,  might  be  recognized, 
and  means  discovered  of  removing  them,  or  of  destroying  their 
activity,  when  their  nature  had  become  determined  by  the 
analysis  of  the  air  in  which  they  had  been  contained.    The 
differences  between  the  results  of  various  chemists,  on  which 
these  expectations  had  been  founded,  have  gradually  dis- 
appeared by  the  use  of  better  methods,  and  the  constitution 
of  atmospheric  air  is  now  recognized  as  being  almost  abso- 
lutely the  same  throughout  its  entire  mass ;  but  from  other 
sources,  the  very  results  which  had  been  originally  sought 
after,  now  appear  to  form  a  legitimate  and  promising  subject 
of  inquiry. 
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In  addition  to  oxygen  and  nitrogen,  its  principal  consti- 
tuentSy  atmospheric  air  contains  some  carbonic  acid  and 
watery  vapour;  the  quantity  of  the  latter  is  determined  by 
methods  afanost  entirely  physical,  and  forms  a  practical  de- 
partment in  the  theory  of  vapours,  termed  hygrometry.  I 
shall,  therefore,  not  touch  upon  it  here,  referring  to  what  has 
been  already  noticed  of  it,  in  the  sections  upon  water,  and 
upon  heat. 

The  determinjition  of  the  quantity  of  carbonic  acid  present 
in  atmospheric  air,  has  been  made  accurately  by  Saussure^ 
who  found  that  in  general,  10,000  volumes  of  air  contain 
4*  15  of  carbonic  acid;  the  maximum  of  carbonic  acid  he  found 
to  be  6-74.  and  the  minimum  3*15.  Over  the  surface  of 
lakes,  as  that  of  Geneva,  the  quantity  of  carbonic  acid  is 
smaller,  but  in  cities  greater,  amounting  to  4*46  in  the 
average :  the  quantity  is  somewhat  greater  by  night  than  by 
day,  and  in  the  higher  regions  of  the  air,  than  on  the  surface 
of  the  low  ground ;  it  is  diminished  also  during,  and  for  some 
time  after  rain«  To  determine  the  quantity  of  the  carbonic 
acid,  a  large  globe  or  bottle  containing  air  is  taken,  and  a 
solution  of  barytes  is  introduced,  until  after  having  been 
well  agitated  with  the  air,  it  is  found,  by  browning  turmeric 
paper,  to  be  present  in  excess.  The  carbonic  acid  combines 
with  barytes  to  form  a  white  powder,  carbonate  of  barytes, 
which  being  collected  on  a  filter,  and  weighed,  gives,  by  a 
simple  calculation,  the  volume  of  the  carbonic  acid  in  the 
air. 

The  experiments  of  Saussure,  and  of  Boussingault,  have 
made  it  probable,  that  carbon  combined  with  hydrogen 
(probably  as  the  gas  of  marshes)  exists  in  very  small  quan- 
tity in  atmospheric  air.  Thus,  when  Saussure,  after  having 
]«moved  all  carbonic  acid  by  barytes,  detonated  the  residual 
air  with  pure  hydrogen,  he  obtained  a  quantity  of  carbonic 
acid,  equal  to  nearly  one  part  in  2000  of  the  air  employed;  and 
although  employing  other  methods,  the  results  of  Boussin- 
gault strongly  corroborate  the  same  idea ;  he  found  sulphuric 
acid  to  be  blackened  when  exposed  to  air,  although  all  access 
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of  dust  or  accidental  impurides  was  removed^  and  that  when 
air>  previously  freed  from  carbonic  acid,  was  passed  over 
red  hot  oxide  of  copper,  a  perceptible  quantity  of  water 
and  of  carbonic  acid  was  produced. 

But  the  most  important  portion  of  the  analyds  of  atmos- 
pheric air  is,  to  ascertain  the  proportions  of  the  oxygen  and 
nitrogen.  To  effect  this,  any  one  of  a  great  variety  of  bodies 
which  are  capable  of  uniting  with  oxygen  may  be  used ;  thus, 
if  a  solution  of  sulphuret  of  potassium  be  exposed  to  air,  it 
absorbs  oxygen,  and  gradually  passes  to  the  state  of  hypo- 
sulphite of  potash,  and  by  the  amount  of  absorption  the 
quantity  of  oxygen  may  be  ascertained.  This  is  the  method 
of  Scheele.  One  proposed  by  Sir  Humphrey  Davy  consisted 
in  agitating  the  deep  ofive  liquor,  formed  by  passing  nitric 
oxide  gas  into  a  solution  of  green  sulphate  of  iron,  with  a 
measured  quantity  of  atmospheric  air ;  but  it  is  now  abandoned. 
An  excellent  mode  of  using  these  bodies  as  eudiometers,  is  to 
fill,  with  the  liquid,  a  small  caoutchouc  bottle,  holding  about 
two  fluid  ounces,  and  then  tie  it  securely  on  thei  tube  of  air 
which  passes  pretty  closely  in  at  the  neck ;  the  mass  of  air 
and  fluid  can  thus  be  brought  extensively  into  contact,  and 
the  absorption  is  shewn  by  the  gradual  rise  of  the  liquid  in 
the  tube,  the  soft  parietes  of  the  bottle  yielding  to  the  pres- 
sure of  the  external  air. 

Nitric  oxide  gas  possesses  the  property  of  combining 
with  the  oxygen  of  the  air,  and  forming  deep  red  fumes  of 
nitrous  acid,  which  dissolve  in  water*  By  this  means,  using  an 
excess  of  the  nitric  oxide,  all  oxygen  may  easily  be  removed 
from  atmospheric  air,  but  the  composition  of  the  nitrous  add 
fumes  is  not  always  the  same,  and  hence  the  quantity  of 
oxygen  which  the  air  contained,  is  liable  to  be  mistaken. 
This  mode,  therefore,  from  the  great  precaution  necessary  in 
its  use,  has  been  quite  laid  aside. 

The  use  of  the  hydrogen  gas  eudiometer,  whether  the 
combination  of  that  substance  with  the  oxygen  be  accouH 
pUshed  by  the  agency  of  the  electric  spark,  or  by  means  of 
spongy  platina,  has  been  already  noticed.    It  is  one  of  the 
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most  accurate  and  easy  methods  that  can  be  used,  and  hence 
has  been  most  generally  employed.  The  risk  of  accident 
irom  the  violence  of  the  explosion  by  the  electric  spark  is 
much  diminished,  by  using  the  form  proposed  by  Ure.  The 
tube,  which  need  not  be  at  all  so  stout  as  in  the  common 
form,  is  taken  about  twice  as  long,  and  bent  into  the  form 
of  an  U.  Having  been  filled  with  mercury,  the  mixture 
of  air  and  hydrogen  is  transferred  to  the  sealed  leg,  and 
then,  the  open  leg  being  about  half  occupied  by  air,  it  is 
to  be  firmly  closed  by  the  thumb  or  by  a  cork.  When  the 
explosion  follows,  the  air  in  the  open  leg  yields  to  the  pres- 
sure and  graduates  the  shock  ;  no  portion  of  the  exploded 
mixture  can  be  projected. 

Slips  of  copper  foil,  moistened  with  muriatic  acid,  absorb 
oxygen  with  great  avidity,  and  have  been  proposed  by  Gay- 
Lussac  for  the  analysis  of  atmospheric  air.  Saussure  has 
used  in  his  accurate  researches  thin  filings  or  turnings  of 
lead  which  combine  with  oxygen  very  rapidly,  and  remove  it 
totally  from  the  air. 

Phosphorus,  which  bums  in  oxygen  and  in  air,  so  br%htly« 
may  also  be  employed  to  form  an  eudiometer.  It  may  be 
used  either  by  slow*  or  by  rapid  combustion.  In  the  former 
mode,  a  stick  of  moistened  phosphorus  placed  in  a  graduated 
tube  of  air,  deprives  it  completely  of  its  oxygen  in  about 
twenty  hours ;  the  residue  is  nitrogen,  which  has  the  smell 
of  phospb(H*us,  and  requires  a  correction  for  a  small  quantity 
of  vapour  of  that  substance  which  is  diffused  through  it. 
The  rapid  combustion  of  phosphorus  is  too  violent,  and 
exposes  the  vessels  to  too  much  risk  of  breaking,  to  be  made 
use  of  for  accurate  experiment. 

All  of  these  methods  are,  however,  liable  to  error  to  the 
amount  of  nearly  1  per  cent.,  which  is  to  be  in  great  part 
attributed  to  the  small  quantity  of  air  which  the  apparatus 
allows  to  be  experimented  on.  This  disadvantage  has  been 
obviated  by  the  mode  proposed  by  Brunner,  and  used  by 
him  in  some  determinations  lately  made,  in  which  the  liability 
to  error  has  been  reduced  to  0*20  per  cent.    In  the  figure. 
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^^^.^^^^  a,  &,  c,  is  a  tube  consisting  of  a  wide  portion 

«^5^V^^        4,  and  a  narrower,  c;  the  wider  part  being 
JJSM^     drawn  in  a  to  a  capillary  opening.    Into  it  is 
(     ^     ^    introduced  a  quantity  of  loose  cotton  and 
some  bits   of  phosphorus,  and  being  then 
wanned  the  melted  phosphorus  is  allowed  to 
spread  over  the  fibres  of  the  cotton  so  as 
to  expose  a  very  great  surface.    The  tube 
at  c  fits  air-tight  to  the  orifice  of  the  ves- 
sel d^  which  is  graduated  and  filled  with 
mercury;  a  cock   at  e  allows  the  mercury  to   flow   out 
on  occasion.    To  use  this  apparatus  the  tube  a,  6,  c,  is 
weighed  and  then  attached  to  the  vessel  d;  the  cock  ^  is 
then  slightly  opened ;  the  mercury  issues  out  in  a  properly 
graduated  stream,  and  its  place  is  supplied  by  air,  which 
entering  at  the  capillary  orifice,  a,  streams  over  the  surface 
of  the  phosphorus,  by  which  all  its  oxygen  is  removed,  and 
the  residual  nitrogen  passing  into  the  graduated  vessel  its 
volume  can  be  easily  read  off;  or  the  mercury  which  flows 
ofiT  being  caught  in  a  graduated  glass,  its  volume  is  equal  to 
that  of  the  nitrogen  which  has  passed  in.     Besides  extend* 
ing  the  surface  of  the  phosphorus,  and  thus  quickening  the 
absorption  of  the  oxygen,  the  mass  of  cotton  serves  as  a  filter 
to  collect  the  white  fumes  or  flakes  of  phosphorous  acid  formed. 
When  a  sufficient  quantity  of  air  has  passed  through  the 
apparatus,  the  tube  a,  i,  c,  is  to  be  weighed  again ;  the  in- 
crease of  weight  is  the  quantity  of  oxygen  absorbed,  from 
which  the  volume  may  be  known,  and  the  mercury  measured 
is  the  volume  of  the  nitrogen;  from  whence  its  weight  may  be 
calculated.    The  air  must  be  of  course  dry.    This  is  efifected 
by  securing  to  the  tube  a,  6,  c,  by  means  of  a  caoutchouc  con- 
nector, a  small  tube  containing  fragments  effused  chloride  of 
calcium,  through  which  the  air  streaming  deposits  the  mois- 
ture it  may  contain. 

The  result  of  all  these  methods  indicates  that  atmospheric 
air  contains  from  20-79  to  21-08  of  oxygen  gas  in  100  vo- 
lumes ;  and  from  experiments  of  Gay-Lussac  on  air  brought 
down  by  him  firom  a  height  of  21,735  feet,  to  which  he  had 
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ascended  in  a  balloon,  and  those  of  Brunner^  for  the  air  on 
the  summit  of  the  Faulhorn,  89OSO  feet  above  the  level  of  the 
sea^  the  constitution  appears  to  be  identical  at  all  heights. 
By  weight  the  cotistituents  of  the  atmospheric  air,  in  100 
parts,  are,  omitting  carbonic  acid  and  water. 

Oxygen  gas,      .     =  23*04 
Nitrogen  gas,    .     =  76*96 

100-00 

This  permanency  of  constitution  of  atmospheric  air,  to- 
gether with  many  other  circumstances  which  I  shall  briefly 
notice,  led  to  the  opinion,  amongst  many  chemists,  of  its 
being  a  compound,  and  not  a  mere  mixture  of  its  constitu- 
ents. The  analysis  not  being  then  so  accurately  made,  it 
was  supposed  to  consist  of  one  volume  of  oxygen  united  to 
four  volumes  of  nitrogen,  a  simplicity  of  proportion  which 
characterizes  chemical  union  among  gases.  It  was  also  re- 
marked, that  if  the  nitrogen  and  oxygen  were  merely  mixed, 
their  different  densities  should  cause  them  to  separate ;  the 
heavier  oxygen  accumulating  near  the  earth,  whilst  the 
lighter  nitrogen  should  occupy  the  higher  regions  of  the 
air.  The  former  ground  has  been  completely  disproved  by 
later  research,  and  the  elements  of  air  are  separated  from 
one  another  by  such  feeble  means,  thus,  by  nitric  oxide,  by 
metallic  lead,  by  agitation  with  water,  &c.,  as  would  be  unex- 
ampled in  chemistry  amongst  substances  of  a  constitution 
such  as  it,  if  a  true  compound,  should  be  supposed  to  have. 
Besides,  its  density,  its  refractive  power,  its  specific  heat, 
are  the  mean  qualities  of  the  oxygen  and  nitrogen  which 
form  it,  circumstances  which  necessarily  occur  if  it  be  a 
mixture,  but  which  do  not  take  place  in  any  case  of  chemical 
combination.  An  artificial  mixture,  also,  of  oxygen  and 
nitrogen  possesses  all  the  properties  of  atmospheric  air. 

It  is  abo  not  the  fact,  that  gases  of  different  densities 
tend,  when  mixed  together,  to  separate,  and  form  different 
layers,  in  accordance  with  their  specific  gravities.  On  the 
contrary,  if  two  bottles  containing,  the  one  a  a  lighter,  and 
the  other  e  a  heavier  gas,  be  connected  by  stopcocks,  i,c,rf. 
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and  allowed  to  stand  for  a  few  hours^  the  bottle 
containing  the  heavy  gas  being  lowest,  they  will 
be  found  to  mix,  the  lighter  gas  finding  its  way 
to  the  lower  bottle,  and  the  heary  gas  ascending 
to  the  bottle  which  is  above.  In  this  process, 
the  gases  evince  a  positively  active  power  of  pe- 
netrating into  the  spaces  occupied  by  each  other ; 
and  this  occurs  even  when  they  are  separated 
by  membranes,  or  by  masses  of  porous,  earthy 
substances.  This  peculiar  property  of  gases  was 
first  recognized  by  Dobereiner,  and  then  studied  byMitchel, 
but  finally  examinedj  and  its  laws  accurately  assigned  by 
'^Graham.  When  gases  of  unequal  densities  are  placed  in 
.  contact  with  each  other,  they  tend  to  mix  ultimately  in. an 
uniform  manner ;  but  the  rapidity  with  which  they  pene- 
trate each  other's  volume,  or,  as  it  is  termed  by  Graham,  the 
velocity  of  diffusion  of  the  gases,  is  unequal,  and  depends 
*  upon  their  densities ;  the  lighter  gases  diffusing  themselves 
most  rapidly,  the  heavier  more  slowly.  Thus,  if  a  tube  be  closed 
at  the  top  by  a  plug  of  plaster  of  paris,  which  when  dry  is  very 
porous,  and  filled  with  hydrogen  gas,  the  plug  being  kept  dry^ 
the  hydrogen  and  the  external  air  tend  to  mix  across  the  porous 
plug,  but  the  hydrogen  comes  out  more  rapidly  than  the  air 
gets  in,  and  hence,  the  water  rises  considerably  in  the  tube. 
In  a  similar  way,  if  a  glass  be  filled  with  hydrogen  gas,  and, 
the  top  being  closed  by  a  sheet  of  Indian  rubber,  a  bell  glass 
of  air  be  inverted  over  it,  the  hydrogen  passing  out  of  the 
glass  more  rapidly  than  air  enters  to  supply  its  place,  the 
sheet  of  Indian  rubber  is  gradually  bent  into  the  glass,  and 
ultimately  burst  by  the  external  pressure.  On  the  contrary, 
if  the  small  glass  contain  air,  and  the  bell  glass  hydrogen, 
the  membranous  cover  is  gradually  forced  upwards  by  means 
of  the  excess  of  hydrogen  which  passes  in,  and  which  finally 
breaks  through  it,  by  the  elasticity  thus  produced  inside. 

The  exact  law  of  the  diffusion  of  gases  is,  that  the  velo- 
city of  diffusion  is  inversely  proportional  to  the  square  roots 
of  the  specific  gravities  of  the  gases.  This  is  exhibited  in 
the  following  table. 
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Sp^fic  Orantiei.  Square  Roots  of  S.  G.  Diffbrion  Volumet. 

Hydrogen,      .  0-0688  0-2623  457 

Ammonia,       •  0*5898  0*7681  130 

Air,.     .     .    .  1-0000  1-0000  100 

Carbonic  acid,  1*5239  1-2345  81 

Chlorine,   .    .  2-4700  1-5716  64 

By  this  table  it  will  be  seen,  that  in  the  s^one  time  in 
which  100  volumes  of  atmospheric  air  escape  from  a  vessel, 
through  a  membranous  or  porous  plug,  457  volumes  of  hy- 
drogen pass  in,  and  if  the  vessel  were  previously  iull  of 
hydrogen,  457  volumes  will  escape  from  it  during  the  en- 
trance of  100  volumes  of  atmospheric  air.  If  the  vessel  con-  A 
tained  carbonic  acid,  the  result  would  be  the  passage  of  81 
volumes  in  the  same  time,  and  so  of  the  other  gases. 

This  law  of  the  passage  of  gases  through  each  other  iS 
the  same  as  that  for  the  passage  of  a  gas  into  a  perfectly 
empty, space.  If  the  different  gases  be  allowed  to  strain 
through  a  porous  plug,  into  a  vessel  from  which  the  air  has 
been  removed  by  the  air  pump,  they  will  enter  with  different 
velocities,  regulated  by  their  specific  gravities,  precisely  as 
in  the  former  instance ;  and  hence  it  is  experimentally  de- 
pionstrated  that  different  gases  are  ultimately  permeable  to 
each  other,  precisely  as  the  spaces  they  occupy  would  be,  if 
entirely  empty ;  that  the  gases,  in  fact,  form  vacua  to  each 
other,  but  that  so  far  as  the  law  of  mixture  and  the  final 
effect  are  concerned,  the  mixture  taking  place  more  slowly, 
in  consequence  of  the  mechanical  obstruction. 

This  general  principle  had,  however,  been  laid  hold  of  by 
the  keen  intellect  of  Dalton,  and  announced  long  before  its 
truth  had  been  accurately  proved  in  the  manner  that  has 
been  now  described ;  to  him  we  are  indebted  for  the  first 
philosophical  view  of  the  molecular  constitution  of  the  at- 
mosphere ;  he  proposed  to  consider  the  different  gases  which 
exist  in  the  atmosphere,  as  being  in  all  points  independent 
of  each  other,  mixed  uniformly  in  virtue  of  the  diffusive 
power  which  he  had  been  the  first  to  recognize,  and  ex- 
ercising pressures  upon  the  surface  of  the  earth,  proportional 
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to  their  quantities.  Thus  if  we  suppose  100  parts  of  atmos- 
pheric air  to  consist  by  weight  of: 

Nitrogen  gas^ 75-88' 

Oxygen  gas, 23*04 

Watery  vapour, 1*03 

Carbonic  acid, '05 

The  pressure  of  the  air  being  taken  at  thirty  inches  of  mer- 
cury, the  respective  pressures  of  the  independent  atmos- 
pheres will  be  as  follows : 

Pressure  of  the  nitrogen  gas,      22*764  inches. 
„  oxygen  gas,  6*912      „ 

„  watery  vapour,     0*309      „ 

„  carbonic  acid  gas,  0*015      „ 


30000 


The  difierent  constituents  of  air  are  thus  in  the  state  best 
suited  to  the  purposes  for  which  the  atmosphere  is  des- 
tined ;  no  one  gas  can  interfere  with,  or  retard  the  others* 
action ;  there  are  no  affinities  to  be  overcome,  or  existing 
combinations  to  be  broken  up  before  the  agency  of  watery 
vapour,  of  carbonic  acid,  and  of  oxygen,  can  be  brought  into 
the  extended  alternations  on  which  the  continued  and  happy 
existence  of  animal  and  vegetable  life  depends,  from  which 
irises  the  diversity  of  aspect  of  our  ever  varying  sky,  and  the 
gradual  detrition  of  the  solid  rocky  materials  of  the  earth's 
surface  giving  a  fruitful  soil. 

By  the  processes  of  combustion  and  of  respiration,  which 
are  in  action  on  the  surface  of  the  earth,  the  oxygen  of  the 
atmosphere  is  continually  removed,  and  an  equal  volume  of 
carbonic  acid  generally  substituted  for  it.  This  carbonic 
acid  is  absolutely  a  narcotic  poison,  and  the  air  becomes  un- 
fitted for  the  support  of  life,  before  one-half  of  the  quantity 
of  oxygen  it  contains  has  been  consumed.  A  healthy  man 
ilpoils  in  twenty-four  hours,  by  respiration,  720  cubic  feet  of 
atmospheric  air,  that  is,  a  mass  of  air  eleven  feet  square  and 
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SIX  feet  thick.  The  burning  of  three  ounces  of  charcoal  pro- 
duces the  same  effect.  In  many  factories,  there  are  burned 
daily,  ten  tons  of  coal,  which  deteriorate  at  least  as  much  air 
as  the  same  weight  of  charcoal,  and  hence  each  day,  by  such 
a  factory,  there  is  rendered  unfit  for  respiration,  3,185,760 
cubic  yards  of  air,  which  would  cover  to  the  depth  of  six  feet, 
a  space  quarter  of  a  mile  in  square.  Nevertheless,  it  has 
been  already  mentioned,  that  even  in  cities,  the  relative 
proportions  of  oxygen,  nitrogen,  and  carbonic  acid  in  the 
air,  are  but  little  altered,  and  it  becomes  an  object  of  great 
interest  to  ascertain,  in  what  manner  that  permanency,  on 
which  the  stability,  in  truth,  of  all  organized  nature  seems 
ultimately  to  depend,  has  been  secured. 

In  the  first  place,  from  the  frequent  occurrence  of  storms 
and  violent  currents  which  agitate  vast  tracts  of  air,  accu- 
mulation of  noxious  gases,  or  corrupted  portions,  cannot 
take  place  except  in  some  rare,  and  limited  localities,  which 
do  not  affect  the  condition  of  the  atmosphere  even  near  at 
hand ;  and  although  the  numbers  which  have  been  shown 
as  indicating  the  amount  of  air  destroyed,  become  enormous 
when  multiplied  by  the  number  of  breathing  beings  and  the 
quantity  of  fuel  burned  on  the  earth's  surface^  they  yet  bear 
but  a  trifling  proportion  to  the  immensity  of  the  aerial  ocean 
in  which  we  live.  The  atmosphere  may  be  considered  as 
being,  if  brought  throughout  to  its  usual  density  at  the  sur- 
face of  the  earth,  about  five  miles  deep ;  and  Prevost  has 
calculated  that  the  loss  of  all  the  oxygen  employed  in  respi- 
ration and  combustion  for  100  years  could  not  diminish  its 
quantity  by  7^^  part,  a  quantity  quite  too  trifling  to  be 
detected  by  our  methods,  even  had  the  exact  sciences  flou- 
rished for  such  a  period  as  to  allow  jbl  comparison  to  be 
made. 

But,  independent  of  this  negative  picbof  of  permanence  of 
composition,  science  has  pointed  out,  in  the  peculiar  relations 
of  the  functions  of  vegetable  and  animal  beings,  a  provision 
of  adaptation  to  each  other's  wants,  which  retains  the  atmos- 
phere in  a  condition  practically  of  eternal  identity  of  consti- 
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tution.  A  healthy  growing  plant,  exposed  to  sun  fight,  u 
found  to  absorb  carbonic  acid,  and  to  emit  oxygen  from  the 
surfaces  of  its  green  leaves.  In  the  dark,  an  inverse  eflfect 
takes  place ;  oxygen  being  absorbed,  and  carbonic  acid  form- 
ed. The  coloured  parts  of  plants,  as  flowers  and  fruits, 
absorb  likewise  oxygen,  and  emit  carbonic  acid,  but  as  the 
green  surfaces  preponderate  so  much,  throughout  the  vege« 
table  world,  and  that  the  stimulus  of  light  is  active  through* 
out  the  greater  portion  of  the  twenty-four  hours,  the  ultimate  . 
effect  is,  that  an  action,  the  opposite  of  that  which  animak 
exercise  upon  the  atmosphere,  is  constantly  going  on.  That 
which  the  plant  rejects,  is  to  the  animal  the  source  of  energy 
and  of  all  vital  powers,  whilst  the  same  element  which  the  plant 
absorbs,  and  from  which  it  forms  its  issues,  has  been  thrown 
out  as  useless  by  the  animal,  and  would,  if  not  removed, 
accumulate  in  the  end,  and  destroy  all  animal  existence* 

The  most  accurate  experiments  have  determined,  that 
100  cubic  inches  of  atmospheric  air,  freed  from  moisture  and 
carbonic  acid,  weigh  31,0117  grains;  the  barometer  being 
at  30  inches,  and  the  thermometer  at  60°.  Its  specific 
gravity  is  taken  as  the  standard  for  gases  and  vapours,  and 
is  hence  1000.  It  is  about  780  times  lighter  than  water  at 
40*5^  Fahrenheit,  when  water  is  at  its  greatest  density,  and  is 
then  also  10,600  times  lighter  than  quicksilver. 

The  weight  of  the  atmosphere  pressing  upon  the  surface 
of  the  earth,  is  equivalent  to  about  fifteen  pounds  on  each 
square  inch  of  surface.  The  existence  of  this  pressure  may 
be  shewn  in  many  ways:  a  bladder  or  a  thin  plate  of  glass 
may  be  burst,  if  the  pressure  of  the  air  be  removed  from  one 
side  by  the  air  pump,  while  it  is  allowed  to  act  against  the 
other ;  a  pair  of  brass  hemispheres  which  are  easily  sepa- 
rated, whilst  filled  by  air,  are  pressed  most  firmly  together 
if  the  air  be  removed  from  their  interior.  This  pressure  is 
equivalent  to  that  exercised  by  a  column  of  mercury  in  a 
tube  about  thirty  inches  high,  and  accordingly  an  instru- 
ment, the  common  barometer  or  pressure  measurer,  is  thus 
constructed,  to  register,  at  every  moment,  the  pressure  which 
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the  atmosphere  exercises.  A  tube  closed  at  one  end,  and 
about  thirty-two  inches  long,  is  to  be  carefully  filled  with 
pure  mercury ;  it  is  then  inverted  in  a  basin  of  mercury, 
and  being  placed  in  a  vertical  position,  the  column  of  mer- 
cury sinks  to  a  certain  height  in  the  tube,  generally  between 
twenty-nine  and  thirty  inches,  leaving  above  it,  a  space  which 
is,  at  low  temperatures,  the  most  perfectly  empty  that  can  be 
experimentally  procured .  From  the  name  of  the  inventor  of 
.this  instrument,  it  is  called  the  Torricellian  vacuum.  If  the 
external  pressure  varies,  the  height  of  the  column  of  mercury 
alters  likewise,  rising  when  the  pressure  increases,  descend- 
ing when  it  is  diminished ;  and  as  considerable  changes  in 
the  amount  of  pressure  generally  depend  on  violent  motions 
in  the  air,  which  produce  changes  in  the  weather  also,  the 
barometer  is  popularly  regarded  as  a  weather  glass,  although 
no  accurate  indications  of  approaching  changes  can  be  at  all 
reckoned  on  from  its  use. 

If  the  atmosphere  preserved  throughout  its  entire  mass 
the  same  density  and  elasticity  which  it  possesses  at  the  sur- 
face of  the  earth,  its  height  should  be  about  five  miles.     But 
such  is  not  the  case ;  the  lower  portions  of  the  air  which 
press  upon  the  earth,  are  pressed  upon  by  the  portions  next 
over  them,  these  again  by  those  still  higher  up,  so  that  the 
amount  of  pressure,  and  consequently,  the  density  of  the  air, 
decreases  continually,  as  we  ascend  through  its  mass.    The 
rate  of  diminution  is  even  very  rapid,  forming  a  geometrical 
proportion  when  the  heights  are  taken  in  an  arithmetic 
series;  and  on  this  principle  is  founded  one  of  the  most 
accurate  modes  of  estimating  heights  that  has  been  yet  dis- 
covered.   If  a  barometer  be  carried  to  the  summit  of  a 
*  mountain,  the  column  of  quicksilver  will  be  observed  to  be 
shorter  than  it  had  been  upon  the  plain,  and  the  difference 
being  marked,  the  height  corresponding  to  it  is  determined 
from  a  knowledge  of  the  law  just  stated.    In  practice  there 
are  corrections  depending  on  temperature  and  other  causes, 
to  which  it  is  not  necessary  to  allude.    So  rapid  is  this  dimi- 
nution of  density,  that  one-half  of  the  whole  mass  of  the  at- 

2g 


438        EXTENT  OF  THE  ATMOSPHERE. 

mosphere  lies  within  three  miles  of  the  surface  of  the  earth, 
and  four-fifths  of  it  within  eight  miles.  Hence,  in  those 
elevated  regions,  the  lungs  receive,  even  in  a  deep  inspira- 
tion, but  little  oxygen,  and  the  blood  not  being  well  arte- 
rialized,  causes  the  headaches,  lassitude,  and  faintness, 
which  those  who  ascend  high  mountains,  or  in  balloons,  feel 
so  severely.  The  lakes  in  mountainous  valleys  of  Switzer- 
land and  the  Andes  are,  for  the  like  reason,  destitute  offish; 
the  water  holds  no  air  dissolved,  to  fit  it  for  their  respiration ; 
precisely  as  one  may  kill  a  fish  in  water,  by  placing  it  under 
the  receiver  of  the  air-pump,  and  abstracting  the  atmos- 
pheric air. 

The  question  of  how  far  the  atmosphere  really  extends 
in  space,  possesses,  in  relation  to  the  views  of  the  ultimate 
constitution  of  matter,  already  noticed,  considerable  interest. 
If  the  particles  of  atmospheric  air  were  capable  of  division  to 
an  infinite  degree,  then  the  attenuation  which  occurs  in  the 
higher  regions  of  the  air  should  have  no  limit,  and  we  should 
look  upon  all  space  as  occupied  by  the  elements  which  form 
our  atmosphere,  rarefied  to  an  inconceivably  great  degree, 
and  that  our  earth  had  provided  itself,  in  its  course  through 
space,  with  as  much  of  this  circumambient  matter  as,  from 
its  attractive  power,  it  was  able  to  keep  round  it  If,  on  the 
other  hand,  the  oxygen  and  nitrogen  of  the  air  consist  of 
molecules  of  definite  form  and  size,  these,  being  in  the 
gaseous  form,  are  subjected  to  the  simultaneous  action  of 
two  forces,  one,  the  mutual  repulsion  which  characterizes 
the  gaseous  condition,  and  which  causes  their  elasticity,  but 
which,  diminishing  with  this  elasticity,  must  become  very 
small  in  the  upper  strata  of  our  atmosphere ;  the  other,  the 
general  attraction  of  the  earth,  which,  though  much  inferior 
.at  the  surface,  must,  since  it  diminishes  but  very  little 
in  ascending  so  far,  at  a  certain  point  become  equal  to  the 
former,  and  then  all  further  expanding  tendency  being  over- 
come, the  atmosphere  should  be  terminated  by  a  definite  sur- 
face, similar  in  form  to  that  of  the  solid  earth,  having  its 
tides  and  currents  like  those  of  our  great  oceans,  and  from 
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these  yarions  fluctuations  in  its  depth,  produce  the  regular 
variations  in  the  height  of  the  barometer,  which,  though  in- 
volved by  the  irregular  motions  of  much  larger  amount,  have 
been  detected. 

The  amount  of  refraction  proves  that  the  sensible  atmos- 
phere does  not  extend  beyond  45  miles,  at  least,  if  it  exist 
higher  up,  it  must  be  so  rare  as  to  have  no  effect  in  deflect- 
ing a  ray  of  light.  But  other  considerations  prove  that  the 
air  does  not  extend  through  space.  If  we  had  obtained  our 
atmosphere  by  gathering  up,  in  virtiie  of  our  attracting 
force,  the  thin  air  which  pervades  all  space,  the  other  bodies 
of  our  system  should  also  possess  atmospheres,  whose  densi* 
ties  should  represent  the  masses  of  the  bodies  they  include. 
However,  exact  observation  has  shewn  that  even  the  largest 
bodies  of  our  system  possess  no  atmospheres.  A  ray  of 
light  sufiers  no  bending  in  its  course,  although  it  passes  by 
the  edge  of  Jupiter,  yet,  from  the  immense  size  of  that 
planet,  it  should  have  collected  round  it  an  atmosphere  so 
dense,  that  by  its  refraction,  a  star  should  become  visible  to 
us  upon  one  side  of  it,  before  it  had  disappeared  at  the  other. 
The  sun,  likewise,  the  gravitating  centre  of  our  system,  does 
not  possess  a  trace  of  atmosphere  sufficient  to  cause  a  sensi- 
ble refraction. 

Poisson  has  recently  suggested  a  view  of  the  constitution 
of  our  atmosphere,  upon  grounds,  however,  so  little  con- 
nected with  experiment,  that  it  would  not  be  a  subject  for 
notice  here,  had  it  not  been  introduced  to  the  notice  of  che- 
mists under  the  sanction  of  Dumas*  eloquent  discourses.  I  will, 
therefore,  briefly  describe  the  theory  he  has  put  forward. 

The  atmosphere,  as  we  ascend,  grows  colder.  The 
source  from  which  the  atmosphere  derives  its  heat  is  not  the 
sun,  but  the  solid  earth;  the  solar  rays  passing  through 
the  air,  as  they  pass  through  glass  and  all  transparent  bodies, 
without  communicating  much  of  their  heat.  These  heating 
rays  are  absorbed  by  the  dark  and  rugged  surface  of  the 
earth.  From  this  the  layer  of  air  next  to  it  derives  its 
warmth,  and  hence,  the  farther  from  the  earth  the  air  is 
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taken,  the  colder  it  is  found  to  be*  Hence,  even  under  the 
glare  of  a  tropical  sun,  there  exists  an  elevation  where  the 
temperature  never  rises  above  3s^®,  the  melting  point  of  ice  ; 
above  that  height  all  is  eternal  snow.  Farthest  from  the 
level  of  the  sea  at  the  equator,  being  15,000  feet,  this  line  of 
perpetual  congelation  gradually  descends,  until,  at  the  poles, 
it  sinks  below  the  surface  of  the  earth.  In  these  countries 
we  have  no  mountains  with  perpetual  snow,  the  line  of  con- 
gelation being  6,000  feet  above  the  surface. 

From  this  source,  also,  are  derived  the  various  pheno- 
mena of  fog  and  cloud,  the  production  of  snow,  of  hail  and 
rain.  The  vapour  forming  at  the  surface  of  a  pond,  is  gene- 
rated with  an  elasticity  proportional  to  its  temperature,  and 
when  the  air,  thus  mixed  with  vapour,  rises  to  a  higher  and 
colder  stratum,  the  elasticity  of  the  vapour  is  diminished, 
and  a  portion  separates  either  as  cloud  or  rain.  Thus,  if  air 
becomes  loaded  with  vapour  at  the  surface,  having  a  tempe- 
rature of  60^,  and  that  ascending,  it  becomes  cooled  to  40% 
the  quantity  of  water  separated  is  thus  found. 

The  elasticity  at  6(f  is  0*524  inch  of  mercury. 
40^  is  0-263 


the  difference  is  0*261  „ 

But  524 :  261  : :  100 :  49*8  or  nearly  50,  and  hence  almost  ex- 
actly, one-half  of  the  quantity  of  vapour  carried  up  is  de- 
posited under  the  form  of  cloud  ;  in  addition  to  this,  another 
portion  of  vapour  is  deposited,  as  liquid  water,  from  the  cir- 
cumstance of  the  diminution  in  volume  of  the  mixture  of  gas 
and  vapour  produced  by  the  lowering  of  its  temperature, 
this  is  equal  to  about  four  per  cent,  so  that  there  remains  as 
invisible  vapour,  only  about  forty-six,  whilst  fifty-four  per 
cent,  are  engaged  in  the  production  of  the  cloudy  masses* 
The  further  properties  of  clouds,  the  circumstances  which 
determine  the  production  of  rain,  of  snow,  or  hail,  are  of  so 
little  reference  to  chemistry,  that  I  shall  pass  from  them 
nvithout  remark. 
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Reasoning  from  the  principle  that  all  gases  may,  by 
suitable  reduction  of  their  temperature,  be  reduced  to  the 
solid  form,  Poisson  proposes,  to  consider  the  atmosphere 
as  being  extended  above  the  earth,  gradually  becoming  more 
attenuated  and  more  cold,  until  it  arrives  at  a  point  at  which 
it  freezes ;  there  then  should  be  a  shell  of  transparent  colour- 
less air*ice,  lined  on  its  concave  surface  with  a  sea  of  liquid 
oxygen  and  nitrogen  mixed  or  combined  together.  From 
such  assumption,  Poisson  proposes  to  render  the  theory  of 
astronomical  refractions  more  definite  and  exact  than  it  had 
before  been,  but  those  grounds  can  scarcely  be  deemed 
sufficient  to  justify  the  adoption  of  that  idea  as  a  physical 
reality.  So  far,  in  fact,  as  collateral  evidence  can  be  found, 
the  fundamental  idea  of  Poisson's  theory  is  disproved,  for  it 
results  from  Fourier's  researches  on  the  distribution  of 
Heat,  that  the  temperature  of  the  planetary  spaces  cannot 
be  below — 57°  of  Fahrenheit,  a  degree  of  cold  which  is  met 
with  in  Melville  Island  during  winter,  and  which  has  been 
far  exceeded  by  artificial  means.  At  this  temperature,  air 
shows  no  sign  of  even  becoming  liquid,  far  less  solid ;  and 
hence  the  supposition  of  such  a  hollow  sphere  of  frozen  air 
cannot  be  granted. 

Conyaounds  of  Nitrogen  and  Oxygen. 
Nitrous  oxide  .  .  .  N  =  140  +  O  =  8  =  NO  =  22*0 
Nitric  oxide  .  .  .  N  =  140  +  20  =  16  =  NO,  =  80-0 
Hypo-nitrous  acid  .  N  =:  14-0  +  30  =  24  =  NO3  =  38-0 
Nitrous  acid  ...  N  =  140  +  40  =  82  =  NO4  =  460 
Nitric  acid  .    .     .     .    N  =  140  + 50  =  40  =  NO5  =  64-0 

Mtrous  Oxide.     Protoxide  of  Nitrogen. 

This  substance,  which  exists,  under  ordinary  pressure, 
in  the  gaseous  form,  is  best  and  most  easily  prepared  by  heat- 
ing to  about  350^  Fah.,  the  crystallized  nitrate  of  ammonia. 
This  salt  melts  at  300°  Fah.  into  a  colourless  liquid,  without 
being  at  all  decomposed  or  losing  water,  but  when  the  tem- 
perature is  raised  to  350^,  a  lively  effervescence  occurs,  and 
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the  salt  is  totally  resolved  into  vapour  of  water  and  nitrous 
oxide  gas,  an  equivalent  of  nitrate  of  ammonia  producing  two 
equivalents  of  the  gas  and  four  of  water^  thus : 

NO5  +  NH4O  =  2(N0)  +  4{HO). 

The  nitrate  of  am- 
monia may  be  placed  in 
the  flask  a,  imbedded 
in  the  little  cup  of  sand. 
A  bent  tube  conducts 
the  gas  evolved  to  the 
pneumatic  trough^  as  in 
the  figure,  or  to  the  gas- 
ometer, if  the  quantity 
be  large.  Jn  this  process 
the  temperature  should  not  be  allowed  to  rise  beyond  the 
point  at  which  the  effervescence  is  moderately  brisk;  for 
when  the  salt  becomes  much  hotter,  the  decomposition  is 
tumultuously  rapid,  and  the  gas  obtained  may  not  be  at  all 
pure. 

The  nitrous  oxide  gas  so  obtained  is  perfectly  colourless 
and  transparent;  it  is  absorbed  by  water  in  moderate  quantity, 
and  hence  the  water  over  which  it  is  collected  should  always 
be  heated  to  about  90^  in  order  to  diminish  the  loss  of  gas 
thus  suffered.  It  is  heavier  than  air,  its  specific  gravity 
being  1*527. 

A  lighted  taper  burns  with  increased  brilliancy  in  this 
gas,  and  if  blown  out  may  be  relighted^  provided  a  pretty 
large  portion  of  the  wick  remains. bright  red.  If  the  gas  be 
mixed  with  its  own  volume  of  hydrogen,  it  may  be  inflamed 
by  a  taper  or  by  an  electric  spark,  and  then  burns  with  a 
loud  explosion.  If  phosphorus  be  heated  in  this  gas,  it  in- 
flames and  burns  with  almost  as  much  brilliancy  as  in  pure 
oxygen. 

In  none  of  these  instances  does  the  nitrous  oxide  enter 
into  combination.  It  is  decomposed  by  the  high  tempera- 
ture of  the  burning  body  and  the  affinity  of  this  last  for 
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oxygen,  and  the  combustion  is  maintained  by  means  of  the 
oxygen  which  is  thus  disengaged.  After  the  process  is  com- 
pleted>  the  nitrogen  of  the  nitrous  oxide  remains  free. 

In  this  manner  nitrous  oxide  may  be  analysed.  If  a  little 
bit  of  potassium  or  of  phosphorus  be  heated  in  a  measured 
quantity  of  the  gas  until  the  decomposition  is  complete^  and 
then  the  apparatus  cool  to  its  original  temperature;  it  will 
be  found  that  a  quantity  of  nitrogen  remains  exactly  equal  in 
volume  to  the  nitrous  oxide  used,  and  the  quantity  of  oxygen 
absorbed  issuchi  that  in  its  gaseous  form,  it  had  exactly  half 
that  volume.  The  nitrous  oxide  consists,  therefore,  of  two 
volumes  of  nitrogen  and  one  of  oxygen  condensed  to  two 
volumes  ;  and  hence  its  specific  gravity  may  be  calculated, 
thus: 

Two  volumes  of  nitrogen,  976  x  2  =  19520 
One  volume  of  oxygen,     ....     1102'6 


give  two  yolumes  of  nitrous  oxide,    .    •    3054'G 


and  one  volume  weighs,  therefore,    •    .     1527*3 

By  weight  the  composition  of  nitrous  oxide  and  its  equi- 
valent number  on  each  scale  is  expressed  as  follows : 

Nitrogen,  63*9        One  equivalent,  14*0  or  175 
Oxygen,   36- 1  „  80  „  100 

1000  22-0  *275 

and  its  formula  is  NO. 

The  most  singular  property  of  this  gas  is,  that  when 
breathed  pure  for  a  few  minutes  it  produces  a  lively  and 
agreeable  intoxication,  which  does  not  leave  any  lassitude  or 
disagreeable  sensation  when  it  goes  off.  To  prepare  gas  for 
being  breathed,  it  is  necessary  to  attend  to  the  purity  of  the 
nitrate  of  anunonia  used,  as  very^frequently  the  salt  found  in 
commerce  contuns  muriate  of  ammonia,  in  which  case  the 
gas  obtained  may  be  contaminated  by  nitrous  acid  and  chlo- 
rine, and  prove  very  irritating  to  the  lungs.     To  obtain  the 
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full  effects  of  the  gas  upon  the  Bystem,  four  or  five  quarts 
must  be  introduced  into  an  air-tight  bag  or  bladder,  and  in- 
spired through  a  pretty  wide  glass  tube.  About  two  ounces 
of  nitrate  of  ammonia  yield  sufficient  gas  to  intoxicate  one 
person. 

Kitric  Oxide.     Deutoxide  of  Nitrogen. 

This  substance  exists  naturally  under  the  form  of  a  gas 
which  chemists  have  not  as  yet  been  able  to  reduce  to  the 
liquid  form.  It  is  very  easily  prepared,  being  almost  always 
the  principal  product  of  the  decomposition  of  nitric  acid  by 
the  metals. 

If  a  small  quantity  of  quicksilver,  or  of  copper  cut  into 
small  bits,  be  placed  in  the  gas  bottle  in  the  figure  and 

diluted  nitric  acid,pre- 
pared  by  mixing  equal 
volumes  of  the  aqua- 
fortis of  commerce  and 
of  water,  be  poured  in 
I  by  the  funnel  a,  eflfer* 
vescence    immediate- 
'ly  is  produced,  even 
without  the  application  of  heat,  and  the  metal  dissolves  in 
the  acid,  which  becomes  pale  green  coloured,  if  quicksilver 
had  been  employed,  but  of  a  rich  blue  if  copper  bad  been 
used.    From  greater  economy,  the  latter  metal  is  almost 
always  that  employed*     For  some  time  after  the  action  com- 
mences, the  space  in  the  bottle,  over  the  liquid,  is  occupied  by 
reddish  fumes,  but  these  gradually  pass  away,  and  the  gas 
may  be  collected  when  the  upper  part  of  the  generating  flask 
is  occupied  by  it  completely  colourless. 

The  theory  of  this  process  is  very  simple ;  a  quantity  of 
nitric  acid  gives  off  three-fifths  of  its  oxygen  to  the  copper, 
and  the  nitrogen  is  evolved  in  combination  with  the  remain- 
'^•'  ing  two-fifths,  forming  nitric  oxide.     The  copper  being  thus 

oxidised  combines  with  another  portion  of  nitric  acid  to  form 
a  fine  blue  salt,  nitrate  of  copper,  which  exists  in  the  blue 
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liquor,  and  may  be  obtained  crystallized.  For  complete  de- 
composition four  equivalents  of  nitric  acid  and  three  of  cop- 
per are  required,  and  the  action  may  be  then  expressed  as 
follows :  4NO5  and  3Cu  give  3(N05.CuO)  and  (NOa). 

By  the  action  of  organic  substances,  such  as  starch  or 
sugar,  upon  nitric  acid,  nitric  oxide  may  also  be  formed  in 
abundance,  but  it  is  not,  then,  so  uniformly  pure,  as  when  ob- 
tained by  means  of  mercury  or  copper. 

This  gas  is  colourless  and  transparent;  it  is  scarcely 
absorbed  by  water,  and  may  hence  be,  on  all  occasions,  col- 
lected over  it.  It  is  a  little  heavier  than  air,  its  sp.  gr.  being 
1039 ;  its  refractive  index  is  0-8761.  Alighted  taper  plunged 
into  this  gas  is  extinguished,  and  a  red  hot  wire  may  be 
applied  to  phosphorus  in  it  without  inflaming  it,  but  if  the 
phosphorus  be  already  set  on  fire,  it  not  only  continues  to 
burn  when  plunged  into  the  nitric  oxide  gas,  but  the  com- 
bustion is  almost  as  brilliant  as  in  pure  oxygen.  In  this 
case,  it  is  indeed  in  oxygen  ^  nd  not  in  nitric  oxide  that  the 
combustion  actually  occurs,  fo/  the  gas  is  decomposed  by 
the  high  temperature  of  the  burning  phosphorus,  and  being 
resolved  into  its  constituents,  the  oxygen  is  the  body  with 
which  the  phosphorus  combines,  and  the  nitrogen  remains 
untouched.  , 

In  this  way  nitric  oxide  maybe  analysed,  and  is  found  to 
consist  of  equal  volumes  of  nitrogen  and  oj^ygen  united  with- 
out any  condensation.  From  this  its  specific  gravity  may  be 
calculated : 

One  volume  of  nitrogen,  =:    976*0 
One  volume  of  oxygen,    =  1 102*6 


give  two  volumes  of  nitric  oxide,     2078*6 


of  which  one  is  found  to  weigh,   .     1039*3 

Its  equivalent  volume  is  therefore  4,  and  its  composition  by 
weight  and  its  equivalent  number  on  each  scale  is  as  fol- 
lows: 
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Nitrogen^  46'96  One  equivalent,    =  175  or  14*0 
Oxygen,  53*05  Two  equivalents,  =  SOO  or  16*0 

100-00  375       300 

and  its  formula  is  N02. 

Nitric  oxide  may  be  deprived  of  one-half  of  its  oxygen, 
and  so  be  reduced  to  the  state  of  nitrous  oxide,  by  remaining 
in  contact  for  some  days  with  moist  iron  or  zinc  filings ;  in 
this  case  its  volume  is  reduced  to  one-half. 

The  most  remarkable  property  of  nitric  oxide  is  its  ten- 
dency to  unite  with  oxygen,  when  this  last  is  uncombined. 
Nitric  oxide  cannot  take  oxygen  from  any  other  substance  ; 
but  when  it  is  mixed  with  air,  or  with  any  mixture  of  gases, 
of  which  oxygen  is  one,  it  unites  with  this,  forming  deep  red 
fumes.  It  is  this  which  causes  the  red  fumes  in  the  flask  in 
which  the  nitric  oxide  is  generated.  The  oxygen,  in  com- 
bining with  the  nitric  oxide,  may  form  either  hyponitrous 
acid  (NO3)  or  nitrous  acid  (NO4),  and  they  are  both  gene- 
rally formed  in  uncertain  proportions.  Hence,  we  cannot 
exactly  calculate  the  quantity  of  oxygen  that  had  been 
present ;  and  this  process  does  not  answer  well  for  gaseous 
analysis,  but  it  is  useful  for  removing  oxygen  from  a  gaseous 
mixture,  which  it  effects  completely  if  the  nitric  oxide  be 
added  in  excess.  The  red  fumes  so  formed  are  soluble  in 
water,  and  by  washing  the  mixed  gases  with  water  may,  there- 
fore, be  completely  removed. 

Nitric  oxide  combines  with  a  great  number  of  salts  and 
with  some  acids,  to  form  compounds,  which,  in  some  respects, 
possess  considerable  interest :  these  shall  be  noticed  under 
those  heads  to  which  their  history  more  particularly  belongs. 

Hypamfrous  Add. 

The  red  fumes  which  are  formed  when  nitric  oxide  is 
mixed  with  atmospheric  ur  or  oxygen,  consist  in  great  part 
of  hyponitrous  acid,  particularly  when  the  nitric  oxide  is  in 
excess.    To  obtain  it  pure,  four  volumes  of  nitric  oxide 
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should  be  mixed  with  one  volume  of  oxygen^  and  the  vessel 
containing  the  hyponitrous  acid  vapour  formed,  exposed  to 
a  cold  of  about  40  degrees  below  the  freezing  point  of  water* 
The  acid  then  condenses  into  a  deep  green-coloured  liquid, 
which  is  excessively  volatile.  When  hyponitrous  acid,  either 
in  the  state  of  liquid  or  of  vapour,  is  brought  into  contact 
with  water,  it  is  in  great  part  decomposed,  being  resolved 
into  nitric  oxide  and  nitric  acid.  Three  equivalents  of  hypo- 
nitrous acid  SCNOa)  giving  ^(NOa)  and  NO5.  The  same 
occurs  when  it  is  acted  on  by  bases  dissolved  in  water,  and 
hence,  the  salts  of  this  acid  can  only  be  prepared  by  indirect 
means. 

When  nitre  has  been  kept  melted  for  some  time,  so  as  to 
have  parted  with  a  portion  of  its  oxygen,  it  is  reduced  to  the 
state  of  hyponitrite  of  potash ;  NO5.RO,  giving  off  20,  and 
leaving  NO3.KO.  This  is  known  by  the  hyponitrite  being 
decomposed  by  acetic  acid,  and  givii^  off  copious  red  fumes, 
whilst  the  nitrate  of  potash  is  unalterable  by  acetic  acid. 
The  hyponitrite  of  potash  cannot  be  crystallized,  so  as  to 
free  it  from  the  excess  of  unaltered  nitre,  but  it  may  be  con- 
verted into  sparingly  soluble  salts,  as  those  of  silver  and  of 
lead,  and  so  pure  salts  of  hyponitrous  acid  formed. 

The  specific  gravity  of  the  vapour  of  this  acid  has  not 
been  experimentally  determined.  It  consists  of  two  volumes 
of  nitrogen,  united  to  three  of  oxygen,  but  of  their  conden- 
sation we  know  nothing*  Its  composition  by  weight,  and  its 
equivalent  constitution,  are 

Nitrogen,  37*11  One  equivalent,      =:  175  or  14*0 
Oxygen,    6S89  Three  equivalents,  =s  800  or  24*0 

100-00  475      88-0 

NUrous  Acid.    NitrosiHutric  Acid. 

This  substance  presents  itself,  like  tiie  last,  under  the 

form  of  deep  red  fumes,  and  is  produced  when  the  oxygen  is 

in  excess  with  regard  to  the  nitric  oxide.    By  a  cold  of 

about  0^  on  Fahrenheit's  scale,  it  may  be  rendered  liquid. 


448  NITROUS  ACID. 

To  form  it  directly,  four  volumes  of  nitric  oxide  are  to  be 
mixed  with  two  volumes  of  oxygen^  and  the  mixture  exposed 
to  a  great  cold ;  but  it  is  more  conveniently  prepared  by 
means  of  the  decomposition  of  nitrate  of  lead  by  heat. 

A  quantity  of  finely-powdered  and  dry  nitrate  of  lead  is 
\o  be  placed  in  an  earthenware  or  hard  glass  retort,  and 
heated  to  full  redness.  The  red  vapours  that  are  produced 
are  to  be  conducted  into  a  receiver,  carefully  cooled  by  a 
mixture  of  snow  and  salt.  They  then  condense  into  a  liquid, 
whilst  a  quantity  of  oxygen  gas  escapes,  and  oxide  of  lead 
remains  behind  in  the  retort.  The  nitric  acid  of  the  nitrate 
of  lead  is  decomposed  into  nitrous  acid  and  oxygen,  as  fol- 
lows :  NOsPbO  gives  PbO,  free  NO4  and  O. 

The  liquid  nitrous  acid  is  nearly  colourless  at  zero,  at  60^ 
it  is  orange  yellow,  and  at — 40^  it  solidifies  into  a  white  crys- 
talline mass.  It  boils  at  82^,  and  its  vapour,  which  is  ruddy 
red  at  that  temperature,  is  almost  perfectly  black  at  2\^. 
In  these  various  coloured  states,  it  exercises  remarkable 
absorbing  power  on  light.  The  specific  gravity  of  the  liquid 
acid  is  1*451. 

Nitrous  acid  is  the  most  stable  compound  of  nitrogen  and 
oxygen ;  it  is  not  decomposed  by  a  red  heat ;  it  is  decom- 
posed in  great  part  by  water,  nitric  acid  being  formed,  and 
nitric  oxide  being  given  ofiF  as  gas.  Thus,  8(N04)  give  NOj 
and  ^(NOs).  The  nitric  acid  formed  always  protects  a  por- 
tion of  the  nitrous  acid  from  this  reaction. 

When  the  nitrous  acid  is  formed  by  the  direct  union  of 
nitric  oxide  and  oxygen,  it  is  found  that  the  six  volumes  of 
gas  are  condensed  by  combination  into  two ;  hence,  the  spe- 
cific gravity  of  nitrous  acid  vapour  should  be  S181*S ;  thus, 

One  volume  of  nitrogen,   .     .     .      976-0 
Two  volumes  of  oxygen,    •     .     .    2205'2 


One  volume  of  nitrous  acid    .     .'3181*2 

Its  composition  by  weight,  and  the  constitution  of  its 
equivalent,  are  as  follows : 
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Nitrogen,  =  30-33  One  equivalent,    =  175  or  14'0 
Oxygen,    =  69-67  Four  equivalents,  =  400  or  320 

100-00  575      46-0 

Considerable  doubt  has  been  thrown  upon  the  nature  of 
this  substance,  for  many  chemists  regard  it  as  incapable  o^ 
uniting  with  bases,  and  hence,  look  upon  it  as  a  kind  of  acid 
salt,  consisting  of  nitric  and  hyponitrous  acids  combined 
together;  2(N04)  =  NO5  +  NO3.  But  late  researches 
have  shown  that  it  does  produce  true  salts,  and  that  even 
many  saline  compounds  which  had  been  supposed  to  be 
salts  of  hyponitrous  acid,  really  contain  this  substance ;  thus, 
the  yellow  basic  salt,  formed  by  boiling  a  solution  of  nitrate 
of  lead  on  metallic  lead  is  a  true  nitrite.  I  retain,  therefore, 
for  this  body  the  old  name  of  nitrous  acid,  the  more  as  that 
of  peroxide  of  nitrogen,  proposed  for  it  by  Graham,  is  fre- 
quently applied  to  nitric  oxide. 

Nitric  Acid, 
NO5. 

It  is  found  that  when  nitric  oxide  is  brought  into  contact 
with  a  great  excess  of  oxygen  over  water,  they  combine  in 
the  proportion  of  four  volumes  of  the  first  to  three  of  the 
second ;  and  when  the  red  fumes  which  are  produced  have 
dissolved  in  the  water,  this  is  found  to  be  a  solution  of  pure 
nitric  acid.  Looking  to  the  composition  of  nitric  oxide,  we 
find  in  this  manner  that  the  nitric  acid  consists  of  two 
volumes  of  nitrogen  gas,  united  with  five  volumes  of  oxygen. 

Although  nitrogen  and  oxygen  do  not  unite  at  once  when 
directly  brought  into  contact  with  each  other,  yet  they  are 
capable  of  combining  under  certain  circumstances,  and  there 
is  no  doubt,  but  that  the  great,  if  not  the  only  source  of 
nitric  acid  in  nature,  is  the  union  of  the  nitrogen  and  oxygen 
of  the  atmosphere.  Although  nitrogen  is  not  strictly  inflanu 
mable,  yet  if  some  of  it  be  mixed  with  hydrogen,  and  this 
mixture  be  set  on  fire,  the  flame  is  coloured  ^reen,  and  the 
water  formed  is  found  to  contain  nitric  acid ;  if  a  series  of 
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electric  sparks  be  passed  through  a  quantity  of  air  confined 
over  a  strong  solution  of  potash,  this  gradually  loses  its 
alcaline  reaction,  and  after  a  time,  crystals  of  saltpetre,  (nitrate 
of  potash,)  form  in  it  i  This  may  be  shewn  also,  by  simply 
moistening  some  litmus  paper  with  a  solution  of  an  alkali, 
and  taking  by  means  of  it,  a  succession  of  sparks  from  a 
strong  electrical  machine ;  at  the  point  where  the  spark  passes, 
the  paper  becomes  reddened,  and  that  nitric  acid  has  been 
formed,  is  shewn  by  jts  burning  like  touch  paper,  when  dried 
and  set  on  fire.  Rain  water,  particularly  that  which  falls 
after  a  thunder  storm,  contains  a  certain  quantity  of  nitrate 
of  ammonia;  the  lightning  forming,  as  the  electric  spark 
does,  nitric  add,  in  passing  through  the  air,  and  this  umting 
with  the  ammonia  which  is  always  present  in  our  atmosphere 
from  decomposing  animal  remains. 

In  warm  climates,  where  the  abundance  of  organic  matter 
and  its  rapid  decomposition  pour  into  the  atmosphere  a  co- 
pious supply  of  ammonia,  the  formation  of  nitric  acid  pro- 
ceeds with  extraordinary  energy,  and  the  nitrate  of  ammonia 
being  washed  down^  by  the  rains,  into  the  porous  limestone 
soils,  the  ammonia  is  again  given  off,  whilst  the  ground 
becomes  coated  with  an  efflorescence  of  earthy  nitrates,  when 
it  drys  on  the  cessation  of  the  rain  ;  a  small  quantity  of  nitrate 
of  potash  is  also  thus  formed,  but  the  nitrate  of  lime,  of  which 
the  crude  produce  of  nitre  principally  consists,  is  converted 
into  saltpetre  by  means  of  carbonate  of  potash.  In  this  way 
there  is  formed  in  the  East  Indies,  a  quantity  of  nitrate  of 
potash  sufficient  to  supply  the  wants  of  Europe.  On  the 
continent,  this  process  is  imitated  in  artificial  nitre-beds,  and 
large  quantities  of  home-made  saltpetre  are  used  in  France  and 
Germany  for  the  manufacture  of  gunpowder.  In  South 
America,  particularly  in  Chili  and  Peru,  there  are  found  im* 
mense  deposits  of  nitrate  of  soda,  upon  the  surface  of  the  soil, 
and  it  is  now  extensively  imported  into  these  countries ;  the 
source  of  the  nitric  acid  is,  in  this  case  also,  the  union  of  the 
elements  of  the  atmosphere,  although  the  circumstances 
which  supplied  the  alkali  cannot  be  distinctly  seen. 
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It  is  firom  the  nitrates  of  soda  or  potash  so  produced,  that 
the  nitric  acid  is  always  obtained.  True  nitric  acid  has  never 
been  isolated ;  that  substance  which  is  generally  spoken  of, 
as  nitric  acid,  and  which  I  shall,  unless  especially  remarked 
otherwise,  be  understood  to  mean  in  the  following  account 
of  its  properties  and  preparation,  is  a  compound  of  it  with 
water,  it  is  a  nitrate  of  water,  or  as  it  is  popularly  termed, 
liquid  nitric  add,  or  aquafortis. 

To  prepare  liquid  nitric  acid  from  nitrate  of  potash, 
equal  weights  of  this  salt  and  of  oil  of  vitriol  are  mixed  in 
a  glass  retort  a,  which  is  placed  in  a  furnace,  supported  in  a 
sand  bath,  as  in  the  figure.  The  oil  of  vitriol  consists  of  sul- 
phuric acid  and  water, 
and  by  the  reaction 
which  ensues,  the  sul- 
phuric acid  combines 
with  the  potash  of  the 
nitre,  whilst  the  water 
of  the  oil  of  vitriol 
uniting  with  the  nitric 
acid,  forms  the  liquid 
nitric  acid,  which  jdistils  over,  and  is  condensed  in  the 
receiver,  b.  To  render  the  condensation  more  complete, 
this  is  surrounded  by  a  net,  and  placed  in  a  trough  c  c; 
a  stream  of  cold  water  flows  continually  on  it  from  the 
pipe  f,  and  being  distributed  evenly  over  the  surface  by  the 
net  work,  flows  out  by  the  exit  pipe  of  the  trough  /,  and 
escapes  into  d  e.  Using  the  proportions  just  noticed,  (equal 
weights,)  the  quantity  of  sulphuric  acid  present  is  double  that 
necessary  to  neutralize  the  potash  of  the  nitre,  and  to  com- 
pletely expel  the  nitric  acid,  for 

The  nitre  consists  of  Oil  of  vitriol  consists  of 

One  atom  nitric  acid  ,  5*-0J|*One  atomsulph.  acid,   40-1 
One  atom  potash,  47*3    One  atom  water,  9*0 


101-3 
These  reacting  upon  each  other,  should  produce. 


49-1 
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Sulphate  ofpotashconsistingof  Liquid  nitric  acid  formed  of 
One  atom  sulph.  acid^  40' 1  One  atom  nitric  acid^  54*0 
One  atom  potash,      .    47*3    One  atom  water,    •    .    9*0 

87*4  63-0 

And  hence  nitre  might  be  decomposed  by  half  its  weight  of 
oil  of  vitriol,  but  the  following  reasons  prevent  those  propor- 
tions being  employed  in  practice. 

When  oil  of  vitriol  acts  upon  nitre,  there  is  at  first  but 
one-half  of  the  sulphuric  acid  taken  by  the  potash,  and  the 
sulphate  of  potash  so  produced,  unites  with  the  remaining 
oil  of  vitriol,  (sulphate  of  water,)  to  form  bisulphate  of 
potash,  thus,  2(803- HO)  and  KO .  NO^  give 

(S03.HO+KO.S03)andHON05 

If  there  be  oil  of  vitriol  enough,  the  nitre  is  thus  per- 
fectly decomposed  at  a  temperature  not  exceeding  96(f  F., 
and  the  bisulphate  of  potash  which  remains,  is  very  easily  so- 
luble and  fusible,  and  may  hence  be  removed  from  the  retort 
without  inconvenience.  But  if  the  nitre  and  oil  of  vitriol  be 
used  in  the  propot'tion  of  an  equivalent  of  each,  or  by  weight 
in  round  numbers,  of  two  parts  of  nitre  to  one  of  oil  of 
vitriol,  then,  one-half  of  the  nitre  remains  at  first  totally 
unacted  on,  and  the  retort  contains,  when  the  process  is  half 
finished,  a  pasty  mass  of  bisulphate  of  potash  and  of  nitre, 
which  do  not  fully  act  on  each  other  until  the  temperature 
rises  to  400^  The  nitre  is  then  decomposed ;  the  nitric  acid 
distils  over,  and  there  remains  in  the  retort  a  mass  of  neu- 
tral sulphate  of  potash,  which  can  seldom  be  removed  from 
glass  vessels  with  success.  The  high  temperature  necessary 
also  tbcreases  very  much  tha  jrisk  of  the  apparatus  break- 
ing. 

The  scientific  chemist  or  the  apothecary,  however,  do 
not  prepare  nitric  acid;  it  is  made  on  the  large  scale  for  the 
purposes  of  the  arts,  and  the  processes  of  purifying  the  acid 
of  commerce  is  so  simple,  that  no  other  source  is  required. 
On  the  great  scale  the  nitric  acid  is  prepared,  not  in  glass 
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retorts,  but  in  iron  cylinders,  connected  with  condensers,  as 
represented  in  the  figures,  one  being  a  section  perpendicu- 
lar to  the  axes  of  the  cylinders,  and  the  other,  a  section 
parallel  to  the  axes ;  the  same  letters  apply  to  both. 


a  is  the  grate,  and  d  the  ashpit  of  the  furnace  6.  In  each 
furnace  two  cast  iron  cylinders,  c,  c,  are  set,  of  such  capacity 
that  about  \\  cwt.  of  the  nitrate  used  may  be  decomposed  at 
once.  The  ends  of  the  cylinders  are  closed  by  covers,  ^,  e, 
in  one  of  which  is  fixed  a  tube/,  for  introducing  the  oil  of 
vitriol,  and  to  the  other  is  adapted  a  tube  of  glazed  earthen- 
ware, g9  kj  by  which  the  vapours  of  the  nitric  acid  are  con- 
ducted to  the  range  of  condensing  jars  of  earthenware,  fitted 
with  safety  tubes,  of  which  the  first  is  seen  in  the  figure,  as 
A,  /,  k.  The  flues,  in,  m,  m,  pass  fi*om  the  furnaces  to  the 
chimney,  n.  As  in  this  apparatus  the  temperature  can  be 
raised  to  dull  redness  without  injury,  and  thui  the  residuum 
can  be  removed  in  the  solid  form,  a  smaller  quantity  of  oil 
of  vitriol  may  su£Sce,  and  is  generally  used. 

Since  the  introduction  of  nitrate  of  soda  into  commerce, 
it  has  almost  completely  superseded  nitrate  of  potash  for 
making  nitric  acid.  It  is  much  cheaper,  and  it  yields  a 
larger  product.  It  does  not  require,  either,  so  much  sul- 
phuric acid,  nor  so  high  a  temperature.  The  nitrate  of 
soda  consists  of 

One  equivalent  of  nitric  acid,  ....     54-0 
One  equivalent  of  soda, 31*3 

85-3 

and  hence,  100  parts   of  it  yield  about  74  parts  of  Uquid 
nitric  acid,  whilst  100  parts  of  nitrate  of  potash  yield  but  63. 

2  H 
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In  making  nitric  acid^  there  always  occurs  at  the  com* 
mencement  of  the  process^  a  disengagement  of  red  fumes, 
which  dissolve  in  the  liquid  acid  which  comes  next,  and  tinge 
it  yellow.  This  arises  from  the  oil  of  vitriol  in  excessj 
abstracting  the  water  from  some  of  the  nitric  acid,  which 
then  is  decomposed  into  nitrous  acid,  and  some  oxygen  be- 
comes free.  At  the  termination  of  the  process,  if  the  tempera- 
ture pass  much  beyond  300^,  there  is  a  new  evolution  of  red 
fumes,  for  the  nitric  acid  is  then  similarly  decomposed  into 
NO4  and  O. 

The  strongest  nitric  acid  that  can  be  thus  made  is  of  spe- 
cific gravity  1*521,  and  consists  of  NO5  +  HO. 

One  equivalent  of  nitric  acid,  54*0  or  per  cent,  85-71 
One  equivalent  of  water,  .    .    9*0  „  14-29 


63-0  lOO-OO 

It  boils  at  IST"  F.,  but  cannot  be  distilled  without  par- 
tial decomposition.  The  acid  is  very  seldom  obtained  of 
this  strength.  In  general  the  specific  gravity  of  the  strong 
liquid  acid  is  I '500,  and  it  consists  of  2NO5  +3HO. 

Two  equivalents  of  nitric  acid,  1080  or  per  cent.,  80-00 
Three  equivalents  of  water,    .    27*0  „  20-00 

1350  100-00 

When  the  nitric  acid  is  gradually  mixed  with  water,  the 
boiling  point  rises  until  when  the  specific  gravity  is  1*420,  it 
boils  at  248"^.  If  it  be  further  diluted,  the  boiling  point  is 
again  lowered.  At  this  point,  the  acid  has  a  definite  che- 
mical constitution ;  it  consists  of  NO5  -f-  4H0. 

One  equivalent  of  nitric  acid,  54-0  or  per  cent,  60*22 
Four  equivalents  of  water,       36-0  „  39*78 

90-0  100-00 

The  liquid  nitric  acid  is,  when  pure,  completely  colour- 
less, it  fumes  when  exposed  to  the  air,  and  if  exposed  to  the 
direct  solar  light,  very  soon  becomes  deep  yellow,  whilst 


OF  LIQUID  NITRIC  ACID.  455 

oxygen  gas  is  disengaged;  the  same  decomposition  into 
nitrous  acid  and  oxygen  gas,  may  be  instantly  effected  by 
passing  the  vapours  of  the  acid  through  a  red  hot  porcelain 
tube.  In  a  great  variety  of  processes,  where  substances  are 
to  be  oxidized,  nitric  acid  is  employed.  It  acts  with  remark- 
able rapidity  on  the  generality  of  the  metals  and  of  organic  . 
bodies,  supplying  oxygen  for  the  constitution  of  a  variety  of 
new  compounds,  and  being  itself  reduced  to  the  state  of 
nitric  or  nitrous  oxide,  or  even  pure  nitrogen* 

If  the  organic  body  do  not  contain  nitrogen,  it  is  gene- 
rally ultimately  converted  into  the  oxalic  and  carbonic  acids; 
with  animal  substances,  new  bodies  are  formed  of  a  deep 
yellow  colour,  and  hence  the  stains  produced  upon  the  nails 
and  fingers,  where  nitric  acid  touches,  and  it  is  hence  used 
for  stamping  the  yellow  patterns  on  woollen  table  covers.  The 
decomposition  of  the  acid  is  generally  accompanied  by  the 
production  of  l*ed  fumes. 

In  its  action  on  the  metals,  nitric  acid  presents  some  re- 
markable anomalies ;  when  of  the  specific  gravity  of  1*48,  it 
may  be  put  into  contact  with  tin  or  iron,  without  acting  on 
those  metals,  although  if  a  little  stronger  or  weaker,  its 
action  is  very  great,  and  this  inactive  acid  may  be  brought 
into  activity  by  various  means,  as  by  touching  the  immersed 
metal  with  another  different  one.  These  phenomena  appear 
to  involve  conditions  probably  electrical,  which  are  not  as  yet 
completely  understood. 

The  nitric  acid  prepared  by  decomposing  nitre  by  half 
its  weight  of  oil  of  vitriol,  is  always  of  a  deep  red  or  orange 
colour,  owing  to  a  quantity  of  the  acid  having  been  decom- 
posed into  nitrous  acid,  which  remains  dissolved.  This 
deep  coloured  acid  is  frequently  usefiil,  as  it  gives  off  oxygen 
still  more  easily  than  the  pure  acid,  and  is  hence  sometimes 
applicable  as  an  oxidizing  agent  where  the  colourless  acid 
fails.  A  deep  red  fuming  acid  may  be  prepared  by  passing 
a  stream  of  nitric  oxide  gas  through  the  colourless  acid ;  it 
18  absorbed  in  great  quantity,  and  the  liquor  assumes  suc- 
cessively various  shades  of  yellow,  green,  and  red,  accord- 
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iug  to  its  state  of  dilution.  The  nitric  oxide  (NO2)  decom- 
poses the  nitric  acid  (NO5)  and  forms  nitrous  add  (NO4) 
which  dissolves  in  the  excess  of  liquid  acid.  If  it  be  re- 
quired to  obtain  a  colourless  acid,  it  is  suflScient  that  the 
coloured  acid  should  be  boiled  for  a  few  minutes ;  all  the 
nitrous  acid  fumes  pass  off,  and  the  nitric  acid  remains 
colourless,  though  somewhat  weaker. 

I  have  mentioned,  that  the  nitric  acid  is  not  prepared  on 
the  small  scale,  as  the  commercial  aquafortis  is  easily  purified. 
The  impurities  of  it  are,  generally,  chlorine,  arising  from 
the  nitre  employed  having  contained  common  salt,  sulpharic 
add,  from  some  having  been  distilled  over  by  too  great  heat, 
and  some  iron  arising  from  the  cylinders  or  stone  ware 
bottles  in  which  the  acid  is  preserved.  These  maybe  easily 
detected ;  on  mixing  a  few  drops  of  the  commercial  acid  with 
half  an  ounce  of  distilled  water,  a  drop  of  solution  of  nitrate 
of  barytes  will  give  a  precipitate,  if  sulphuric  acid  be  pre- 
sent; nitrate  of  silver  will  indicate,  by  a  precipitate,  the  pre- 
sence of  chlorine;  whilst  a  little  solution  of  yellow  prussiate 
of  potash  will  form  Prussian  blue,  if  the  acid  contained  any 
iron.  From  these  impurities,  the  acid  may  be  freed  by 
bdng  redistilled ;  the  chlorine  passes  off  along  with  the  por- 
tions which  first  come  over,  and  by  thus  testing  from  time  to 
time  the  acid  which  is  obtained,  it  will  be  found  no  longer  to 
precipitate  the  nitrate  of  silver,  and  may  then  be  considered 
pure ;  the  iron  and  sulphuric  acid  remain  behind  in  the  re- 
tort, provided  the  distillation  be  not  pushed  too  far.  I  have 
found,  that  from  twelve  pounds  of  commerdal  aquafortis, 
there  can  be  obtained  eight  quite  pure,  three  being  allowed 
to  come  over  first,  to  carry  off  the  chlorine,  and  one  being 
left  in  the  retort  with  the  fixed  impurities. 

The  detection  of  nitric  acid  is  not  difficult;  it  cannot  be 
recognized  by  forming  precipitates,  as  all  its  neutral  salts 
are  soluble,  but  its  properties  are  very  marked.  1st,  The 
production  of  red  fumes  by  nitric  oxide  when  it  is  brought 
into  contact  with  a  metal,  is  characteristic  of  it.  Snd,  When 
a  drop  of  nitric  acid  is  added  to  water  tinged  blue  by  sul« 
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pliate  of  indigo,  and  the  mixture  boiled,  it  is  bleached  by  the 
oxidizement  of  the  indigo  by  the  acid.  3rd,  When  a  small 
crystal  of  protosulphate  of  iron  is  placed  in  contact  with 
water  containing  nitric  acid,  a  ring  of  deep  olive  coloured 
liquid  forms  round  it,  according  as  it  dissolves;  from  one  por- 
tion of  the  protosulphate  reducing  the  acid  to  the  state  of 
nitric  oxide,  which  then  combines  with  the  remaining  pro- 
tosulphate. 4th,  Nitric  acid  confers  upon  muriatic  acid  the 
power  of  dissolving  gold  leaf,  but  this  test  is  not  of  such 
distinctness  as  the  others,  from  the  same  effect  being  pro- 
duced by  the  chloric  and  some  other  acids.  5th,  Nitric  acid 
may  also  be  distinguished  by  the  deep  red  colour  it  produces 
with  a  crystal  of  morphia. 

For  the  detection  of  a  small  quantity  of  nitric  acid,  the 
best  plan  is  to  neutralize  the  liquor,  if  it  be  acid,  by  a  solu- 
tion of  potash,  and  to  evaporate  to  dr3mess.  The  salt  so 
obtained  crystallizes  in  sharp  needles,  and  deflagrates  when 
placed  on  ignited  charcoal ;  heated  with  a  little  bisulphate 
of  potash  and  some  copper  filings  it  evolves  copious  red 
fumes,  and  with  a  drop  of  sulphuric  acid  and  a  crystal  of 
protosulphate  of  iron  produces  the  olive-coloured  Hquor 
already  noticed.  All  solid  compounds  of  nitric  acid,  such  as 
the  basic  nitrates,  may  be  recognized  in  this  way. 

The  nitric  acid,  not  being  isolable,  we  do  not  know  the 
state  of  condensation  of  its  elements,  which  are  united  in  the 
proportion  of  two  volumes  of  nitrogen  to  five  of  oxygen.  Its 
composition  by  weight  and  its  equivalent  numbers  are  as 
follows : 

Nitrogen,  26*15  One  equivalent,  =  175  or  14*0 
Oxygen,    73-85  Five  equivalents,  =  500  or  40-0 

100-00  675       540 

The  specific  gravity  of  the  vapour  of  the  liquid  nitric 
acid,  HO.NO5,  is  not  known;  but  Bineau  has  found  the 
sp.  gr.  of  the  vapour  of  the  liquid  acid  which  boils  at  248^ 
HO.NO5  +  8H0  to  be  1243,  which  might  result  from, 
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Two  volumes  of  nitrogen,  .  .  976  X  2  =  1952-0 
Five  volumes  of  oxygen,  .  .  1 102*6  X  5  =  551 30 
Eight  volumes  of  watery  vapour,  620*1  X  8  =  4960*8 

condensed  into  ten  volumes, 12425*8 


of  which  one,  therefore,  should  weigh,    .     .     •     1242'6 
This  result  requires  confirmation. 

Sulphur^ 

This  substance  exists  in  large  quantity  in  nature  in  com* 
bination.  The  most  important  ores  of  copper,  lead,  silver, 
mercury,  antimony,  and  many  other  metals  are  their  sulphu- 
rets ;  and  a  great  quantity  of  the  sulphur  at  present  used  in 
commerce  is  derived  from  the  iron  pyrites,  bisulphuret  of 
iron.  Sulphur  is  exhaled  in  large  quantity  also  from  vol- 
canoes, partly  uncombined,  partly  in  the  state  of  sulphuret 
of  hydrogen,  arising  probably  from  the  decomposition  of 
metallic  sulphurets  by  the  high  temperature  in  the  interior 
of  the  earth.  The  native  sulphur  so  produced  condensing 
in  fissures  constitutes  the  great  deposits  of  volcanic  sul- 
phur of  Sicily  and  other  places,  which  supply  a  large  pro- 
portion of  that  employed  in  commerce.  It  exists  also  native 
combined  with  oxygen  and  various  metallic  oxides,  forming 
native  sulphates,  of  which  those  of  lime  and  of  bary  tes  are  the 
most  abundant.  In  many  organic  bodies  also  sulphur  exists 
as  a  constituent,  as  in  the  white,  and  particularly  the  yolk  of 
egg,  the  hair,  the  horns,  and  hoofs  of  animals,  and  in  the 
black  mustard  seed  it  exists  in  considerable  quantity. 

At  ordinary  temperatures  sulphur  exists  generally  as  an 
opaque  solid,  sp.gr.  1*98.  When  heated,  it  melts  at  226° 
into  an  amber-coloured  thin  liquid ;  if  the  temperature  be 
then  raised  to  about  400°  it  becomes  dark  brown,  opaque,  and 
so  thick  that  the  vessel  containing  it  may  be  inverted  without 
its  pouring  out,  but  when  heated  further  it  becomes  thinner, 
until  at  601°  its  boiling  point,  it  is  as  thin  and  limpid  as  when 
first  it  began  to  melt.    If  the  sulphur,  when  just  melted,  be 
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allowed  to  cool  slowly^  and  the  internal  liquid  be  poured  out 
when  the  outer  crust  has  solidified^  the  interior  will  be  found 
lined  with  crystals,  as  in  the  figure,  which  have  the  form  of 
the  oblique  rhombic  prism,  of  which 
a  common  modification  with  second- 
ary faces,  and  the  surfaces  of  the 
octohedron  which  determines  the 
height  of  the  principal  axis  of  the 
crystal  is  given.  These  crystals,  when 
first  obtained,  are  transparent  and 
amber-coloured,  but  after  a  few  days 
they  become  opaque,  sulphur  yel- 
low, and  friable,  being  then  changed 
into  the  dimorphous  state. 
If  the  thick  tenacious  sulphur  at  400°  be  suddenly  cooled 
by  immersion  in  a  large  quantity  of  water,  it  forms  a  soft  and 
transparent  mass  of  considerable  elasticity,  and  may  be  drawn 
out  into  long  threads  like  Indian  rubber ;  after  some  time, 
however,  it  changes  into  the  ordinary  state. 

Sulphur  is  used  in  pharmacy  under  two  forms,  that  of 
roll  and  flowers  ;  the  former  is  made  by  melting  the  rough 
native  sulphur,  and  pouring  it  into  slightly  conical  moulds, 
in  which  it  solidifies.  The  flowers  of  sulphur  are  formed  by 
the  condensation  of  the  vapour  of  sulphur  so  rapidly  that  the 
molecules  have  not  time  to  form  crystals  of  any  perceptible 
size,  so  that  the  condensed  sulphur,  although  really  crystal- 
line, appears  to  the  sight  and  touch  as  an  impalpable  soft 


-s 


powder.     For  the  manufacture  of  flowers  of  sulphur,  the  ap- 
paratus is  arranged  as  in  the  subjoined  figures,  in  which  a  is 
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a  vertical  and  b  a  horizontal  section,  to  which  the  same  letters 
refer.  In  an  apartment  andshed,  m,  m,  a  chamber,  a,  is 
constructed,  which  must  have  at  least  2000  cubic  feet  capa- 
city. Outside  of  this  chamber  is  an  iron  pan,  c,  in  which 
by  a  fire  at  o,  the  ^sulphur  is  kept  gently  boiling.  The  boiler 
and  fire-place*  must  be  completely  surrounded  by  brick  work» 
so  that  as  little  heat  as  possible  may  be  communicated  to  the 
vaulted  chamber,  a  ;  the  draught  from  the  fire  passes  to  the 
chimney,  g  f  the  pan  is  supplied  with  sulphur  by  the  door,  n, 
which  can  be  closed  air-tight ;  the  vapour  of  sulphur  mixes 
with  the  air  in  the  wide  space,  cf,  over  the  boiler,  and,  pass- 
ing through  the  aperture,  6,  rises  into  the  chamber,  where, 
mixing  with  the  large  mass  of  cold  air,  the  sulphur  is  con- 
densed, and  f^lls  like  a. fine  snow  shower  upon  the  floor 
underneath. '  When  a  sufficient  quantity  of  the  flowers  of 
sulphur  have  been  thus  formed,  they  are  removed  by  the 
door  at  j9.  If,  at  the  commencement  of  the  process,  the  mix- 
ture of  sulphur-vapour  and  air  should  inflame,  the  explo- 
sion opens  the  valve  at  e,  the  gases  escape  at  /,  and  all  dan- 
ger is  avoided. 

The  form  of  crystal  of  sublimed  sulphur  is  the  right 
rhombic  octohedron,  of  which  a  common  modification  is 
represented  in  the  margin.  Sulphur  is  found 
crystallized  in  this  form  on  the  edges  of  the 
craters  of  most  volcanoes,  the  crystals  being 
transparent,  and  sometimes  of  considerable 
size.  When  sulphur  is  deposited  from  its  so- 
ution  in  chloride  of  sulphur  or  in  sulphuret 
of  car})on,  it  is  in  this  form  also  that  its  parti- 
cles arrange  themselves. 

Sulphur  may  be  obtained,  however,  in  a  state  of  much 
more  minute  division,  and  destitute  of  all  crystalline  struc- 
ture, by  precipitation  from  solution.  Thus,  if  the  persulphu- 
ret  of  potassium,  K  .Ssy  be  decomposed  by  muriatic  acid, 
four  equivalents  of  sulphur  are  set  free,  and  separate  as  a 
milk-white  powder.  Thi3  constitutes  the  Sulphur  Predpi'- 
tatum  of  pharmacy.  In  all  cases,  where  sulphur  is  precipi- 
tated from  a  cold  solution,  it  is  pure  white. 
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Sulphur  is  not  soluble  in  water  or  in  alcohoU  it  dissolves 
in  the  oils^  stQl  more  in  those  liquids  mentioned  above.  It 
dissolves  in  alkaline  solutions,  or  in  milk  of  lime ;  but  there 
then  occur  complex  reactions  which  shall  be  studied  here- 
after. 

When  sulphur  is  boiled  it  forms  a  deep  yellow  vapour, 
the  specific  gravity  of  which  is  6648.  Sulphur  evaporates, 
however,  very  rapidly  long  before,  it  boils,  and  even  forms 
some  vapour  below  its  melting  point.  At  a  temperature  of 
about  300^  it  takes  fire,  burning  with  a^bluish  violet  flame, 
and  forming  sulphurous  acid  (SO2O 

The  resemblance  of  sulphur  to  oxygen  in  its  chemical 
relations,  is  very  striking;  by  combining  ^with  the  same 
bodies,  according  to  the  same  proportions,  they  generate 
completely  parallel  classes  of  acids,  bases,  and'  salts.  Thus, 
with  carbon  and  potassium  there  are  formed 


C.Os  Carbonic  acid, 
K.O  Oxide  of  potassium. 


KO.CO3  Carbonate  of  po- 
tassium. 


CS3  Sulpho-ciarbonic  acid. 
KS  Sulphuret  of  potassium. 


kS.CS2  Sulpho-carbonate  of 
potassium. 


and  with  arsenic  and  potassium. 


AsO^  Arsenic  acid. 

KO    Oxide  of  potassium. 


KO.AsOs  Arseniate  of  po- 
tassium. 


AbSs  Sulpharsenic  acid. 
KS    Sulphuret  of  potassium. 


KS.AsSs  Sulpharseniate   of 
potassium. 


In  like  manner,  the  similar  compounds  Fe304  and  Fe3S4 
are  not  altered  by  heat,  but  are  magnetic,  whilst  FeS^  and 
MnOs  give  out  oxygen  and  sulphur,  and  are  reduced  to 
Fe3!S4  and  Mn304.  I  shall  have  frequent  occasion  to  revoft 
-to  these  considerations,  which  have  already  been  noticed 
under  another  point  of  view,  (p.  386.) 

The  equivalent  number  of  sulphur  is  16*1  or  201*2,  and 
its  combining  volume  one-third  that  of  oxygen. 
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Sulphur  combines  with  oxygen,  forming 

Sulphurous  acid,   ....  SO3. 

Sulphuric  acid,      .     .     .     •  SO3,  or    SOj.O. 

Hyposulphurous  acid,    .     .  S2O2,  or    SO2.S. 

Hyposulphuric  acid,  •     .     •  S3O5,  or  3S02.0. 

Sulphurous  Acid. 

Sulphurous  acid  exists  at  ordinary  temperature  and  pres- 
sure in  the  gaseous  form ;  it  is  one,  however,  of  the  most 
easily  liquefied  gases.  It  is  produced  always  when  sulphur 
burns  either  in  air  or  in  pure  oxygen,  sulphur  not  being 
capable  of  passing  directly  to  a  higher  degree  of  oxidation. 
In  the  burning  of  sulphur,  the  volume  of  sulphurous  acid  gas 
formed  is  exactly  equal  to  that  of  the  oxygen  consumed. 

When  required  pure,  it  is  prepared  generally  by  decom- 
posing sulphuric  acid,  by  means  of  a  metal  not  very  easily 
oxidized,  as  mercury  or  copper.  The  metal  combines  with 
one  atom  of  the  oxygen  of  the  sulphuric  acid,  and  the 
sulphur,  with  the  remaining  two  atoms  of  oxygen,  pass 
off  as  sulphurous  acid  gas ;  the  oxide  formed  unites  with  the 
remaining  sulphuric  acid  to  form  a  salt.  Thus,  if  mercury 
be  used,  SO3  and  Hg  give  SO2  and  HgO,  and  HgO  unites 
with  SO3  to  form  sulphate  of  mercury.  If  the  heat  be  not 
raised  beyond  200^  in  this  process,  it  is  black  oxide  of  mer- 
cury which  is  produced,  (HgaO)  but  above  that  degree  the 
red  oxide  (HgO)  alone  is  formed.  • 

Sulphurous  acid  gas  may  also  be  very  simply  prepared 
by  heating  three  parts  of  flowers  of  sulphur  with  four  of  per- 
oxide of  manganese.  The  reaction  is  very  simple,  one  part 
of  the  sulphur  uniting  with  the  metal,  and  another  with  the 
oxygen,  form  sulphuret  of  manganese  and  sulphurous  acid ; 
thus,  MnOa  and  2S  give  MnS  and  SO2.  The  apparatus 
used  in  these  processes  may  be  that  figured  under  the  heads 
of  oxygen  (p.  395)  or  nitrous  oxide  (p.  442.) 

Sulphurous  acid  gas  is  absorbed  by  water;  and  hence,  in 
order  to  examine  its  properties  in  that  state,  it  must  be  col- 
lected over  mercury.     It  is  colourless  and  transparent,  pos< 
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sessing  an  odour  peculiarly  irritatingj  (the  smell  of  burning 
sulphur,)  and  cannot  be  breathed.  It  is  not  combustible, 
nor  does  it  support  combustion.  It  bleaches  a  variety  of 
vegetable  and  animal  bodies,  and  is  hence  used  in  the  arts  to 
whiten  straw  bonnets,  corn,  silk,  sponges,  and  other  sub- 
stances. The  bleaching  is  produced  by  the  sulphurous  acid 
combining  with  the  coloured  substance,  and  forming  a  white 
compound,  from  which  the  gas  gradually  escapes  on  expo- 
sure to  air,  and  hence,  such  bleaching  is  not  permanent. 
The  sulphurous  acid  may  be  expelled,  also,  from  this  kind  of 
compound  by  a  stronger  acid,  and  the  colour  generally  re- 
stored ;  thus,  if  a  red  rose  be  exposed  to  the  fumes  of  burn- 
ing sulphur,  it  becomes  completely  white,  but  if  washed  in 
dilute  sulphuric  acid,  its  red  colour  is  perfectly  renewed. 

'  The  specific  gravity  of  sulphurous  acid  gas  is,  2210*6, 
and  it  is  formed  by 

One  volume  of  sulphur-vapour,  ....     6648*0 
Six  volumes  of  oxygen, 6615*6 


The  seven  volumes  condensed  to  six,  give,     13263*6 


Weight  ofone  volume  of  SO2     ....    2210*6 

When  this  gas  is  exposed  to  a  cold  of  0®  F.  it  condenses 
into  a  liquid  heavier  than  water,  which  boils  at  14®,  and  pro- 
duces by  its  evaporation,  a  very  intense  cold ;  it  is  easily 
obtained  in  the  liquid  form,  by  putting  a  quantity  of  mer- 
cury and  oil  of  vitriol  into  a  tube,  and  sealing  up  the  ends,  as 
in  the  figure;  on  applying  heat  to  the  extremity  a,  containing 

those  materials,  and  cooling 
the  other  end  by  means  of 
ether,  the  gas  evolved  is  li- 
quefied by  its  own  pressure, 
and  collects  in  quantity  at  h. 

When  a  large  quantity  of  sulphurous  acid  is  required 
dissolved  in  water,  or  that  it  is  to  be  employed  to  form  com- 
pounds with  bases,  it  may  be  produced  in  a  much  cheaper 
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way  than  those  described  above.    Into  a  matras  a,  placed  in 
a  furnace,  is  introduced  a  quantity  of  well  burned  charcoal, 

in  bits  about  the  size 
of  a  hazel  nut,  and  by 
means  of  the  safety 
funnel  I,  as  much  oil 
of  vitriol  is  poured  in, 
as  that  the  mixture 
shall  abouthalffiU  the 
vessel;  a  tube  passes 
to  abottle  f ,  containing 
some  water  to  wash 
the  gas  from  any  ad- 
hering sulphuric  acid, 
and  it  is  then  conducted  by  the  tube/,  which  passes  to  the 
bottom  of  the  vessel  h,  containing  the  liquor  in  which  the 
gas  is  to  be  dissolved.  On  applying  heat,  the  carbon  of  the 
charcoal  abstracts  from  the  sulphuric  acid  one-third  of  its 
oxygen,  so  that  with  C  and  2SO3  there  are  formed  CO2  and 
2SO2 ;  there  is  produced  a  mixture  of  two  volumes  of  sul- 
phurous acid  and  one  of  carbonic  acid,  which  last  cannot 
enter  into  combination,  and  passes  off  from  the  apparatus 
without  change. 

Water  dissolves  about  thirty-seven  times  its  volume  of 
sulphurous  acid;  the  solution  possesses  the  properties  of  the 
gas  in  a  very  high  degree,  and  bleaches  vegetable  colours 
with  great  power ;  when  kept  for  some  time,  it  gradually 
absorbs  oxygen,  and  the  sulphurous  becomes  changed  into 
sulphuric  acid. 

The  sulphurous  acid  is  one  of  the  feeblest  acids,  and  is  ex- 
pelled from  its  combinations,  by  almost  all  but  the  carbonic 
acid.  Of  its  salts,  those  which  are  soluble,  all  possess  alca- 
line  reaction. 

The  sulphurous  acid  passes  into  the  state  of  sulphuric 
acid,  by  absorbing  oxygen  from  many  bodies,  thus  when  it  is 
heated  with  a  solution  of  gold  or  silver,  or  of  mercury,  these 
metals  are  reduced  to  the  metallic  state;  others  yield  but  a 
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part  of  their  oxygen;  thus,  the  peroxide  of  iron  abandons  a 
third,  and  the  black  oxide  of  copper  one-half  of  that  consti- 
tuent* 

The  salts  of  sulphurous  acid  possess  the  same  deoxidi- 
sdng  power. 

The  composition  and  equivalent  of  sulphurous  acid  is 
as  follows : 

Sulphur,  60-14  One  equivalent,    =  201-2  or  16- 1 
Oxygen,  49-86  Two  equivalents,  =  200-0  or  160 


100-00  401-2      821 

Sulphuric  Acid. 
SO3. 

Sulphuric  acid,  one  of  the  most  important  compound 
bodies,  from  the  energy  of  its  action,  and  the  variety  of  com- 
binations which  it  forms,  is  not  produced  by  the  direct  union 
of  oxygen  and  sulphur,  in  any  case,  but  arises  from  the 
combination  of  sulphurous  acid  with  another  quantity  of 
oxygen.  Thus,  by  the  action  of  sulphurous  acid  on  the 
easily  reducible  metallic  oxides,  sulphuric  acid  is  produced. 
This  principle  is  beautifully  shewn,  by  passing  a  mixture  of 
sulphurous  acid  gas  and  air,  through  a  tube  filled  with  spongy 
platinum,  and  heated  to  dull  redness,  when  there  issues  from 
the  extremity,  a  mixture  of  vapour  of  sulphuric  acid,  mixed 
with  the  residual  nitrogen  of  the  air;  by  such  processes 
however,  it  could  not  be  formed  in  quantities  suited  to  the 
purposes  of  commerce. 

The  preparation  of  sulphuric  acid  is  effected  upon  the 
large  scale,  by  bringing  sulphurous  acid,  produced  by  the 
burning  of  sulphur,  into  contact  with  watery  vapour  and 
nitrous  acid  fumes ;  these  unite  to  form  a  white  crystalline 
solid  which  appears  to  be  a  compound  of  sulphurous  acid 
and  nitrous  acid  (SO24-NO4)  united  with  a  quantity  of 
sulphuric  acid  and  water  which  is  not  constant.  The  for- 
mation of  this  substance  may  be  shown  by  the  arrangement 
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in  the  figure.    The  central  vessel,  the  inner  surface  of  which 
is  slightly  moistened,  contains  atmospheric  air;  by  means  of 

the  tubesj  sulphurous  acid 
gas  generated  in  the  flask, 
a,  and  nitric  oxide  formed 
in  b,  are  introduced,  to  the 
latter  of  which  the  oxygen 
is  supplied  by  the  air  to  form 
nitrous  acid  fumes;  the  in- 
terior of  the  vessel  becomes 
gradually  covered  with  a  de- 
posit like  hoar  frost,  consisting  of  this  substance,  and  in  order 
that  its  production  may  proceed  without  interruption,  the 
vessel  may  be  filled  with  fresh  atmospheric  air,  by  blowing 
through  one  of  the  tubes  c,  d,  whilst  the  residual  gases  are  ex- 
pelled through  the  other. 

This  crystalline  substance  is  decomposed  by  a  larger 
quantity  of  water ;  hence  if  the  bottom  of  the  central  vessel 
be  covered  by  a  layer  of  water,  the  crystalline  substance 
falling  into  it,  according  as  it  is  generated,  is  resolved  into 
sulphuric  and  hyponitric  acids;  thus,  SO2  +  NO4,  gives  SO3 
and  NO3,  which  last  is  decomposed  by  the  water  into  nitric 
acid  and  nitric  oxide,  3NO3  giving  NO5,  and  2  NO^;  the 
nitric  acid  remains  combined  with  the  water  along  with  the 
sulphuric  acid,  whilst  the  nitric  oxide  escaping  with  efferves- 
cence, generates,  on  arriving  at  the  air,  a  new  quantity  of  red 
fumes,  and  oxidizes  a  new  quantity  of  sulphurous  acid. 

It  was  supposed,  that  a  certain  quantity  of  water  was 
'  necessary  to  the  existence  of  this  solid  body,  although  a 
larger  quantity  decomposed  it,  but  it  has  been  found,  that  a 
similar  substance  may  be  formed  which  contains  no  water. 
Sulphurous  and  nitrous  acids  do  not  act  on  each  other  when 
in  the  gaseous  form,  unless  water  be  present,  but  they  com- 
bine if  placed  in  contact  under  considerable  pressure,  and 
liquid,  even  when  completely  dry.  A  portion  of  the  nitrous 
acid  converts  an  equivalent  of  the  sulphurous  acid  into  sul- 
phuric acid,  it  being  itself  reduced  to  the  state  ofhyponi- 
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trousacid;  whilst  another  quantity  of  nitrous  and  sulphurous 
acid  unites  directly ;  there  are  thus  formed  from  2SO3  and 
SNO4  a  white  crystalline  solid  SO2  •  NO4  -4-  SO3  and  a  quan- 
tity of  NO3  which  is  given  off^  on  the  tube,  in  which  the  conn 
bination  is  produced,  being  opened* 

Tt  may  be  questioned,  however,  whether  this  substance, 
for  the  discovery  and  analysis  of  which  we'  are  indebted  to 
M*  de  Prevostaye,  interferes  in  the  formation  of  sulphuric 
acid  on  the  large  scale,  where  the  nitrous  and  sulphurous 
acids  act  on  one  another  in  the  gaseous  forms. 


In  the  manufacture  of  sulphuric  acid,  the  apparatus  con- 
sists of  a  long  leaden  chamber,  consisting  of  two  portions ; 
the  lower^  a  tray  of  about  1^  feet  deep,  the  other,  a  quadran- 
gular bell,  which  being  suspended  on  a  wooden  frame  work, 
b,  bf  rests  with  its  edges  immersed  in  the  Uquid,  with  which 
the  tray  is  filled,  like  the  cylinder  of  a  bell  gasometer.  The  ^ 
bottom  of  the  chamber,  which  is  supported  at  a  certain  dis- 
tance from  the  ground  on  pillars,  a,  a,  a,  slants  from  before, 
so  that  the  liquid  which  occupies  it  increases  in  depth  to- 
wards the  end.    Under  the  front  is  placed  a  furnace,  J,  on 
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the  floor  of  which,  e,  the  sulphur  is  burned,  and  the  8u1phu« 
rous  acid  passes  into  the  chamber  by  the  chimney y*/  the 
heat  necessary  is  supplied  by  the  fire-place  under  e;  the 
nitrous  acid  is  obtained  by  placing  over  the  burning  sulphur 
in  e  a  pan,  containing  a  quantity  of  nitrate  of  soda  and  oil  of 
vitriol,  the  nitric  acid  evolved  from  which  directly  oxidizes 
a  portion  of  sulphurous  acid,  and  then  being  brought  to  the 
state  of  NO4  acts  on  the  mass  of  sulphurous  acid,  as  has 
been  just  described :  g  is  a  boiler,  by  which  steam  is  driven 
into  the  chamber  at  A,  and  thus,  in  the  interior,  are  provided 
the  conditions  for  the  reunion  of  steam,  sulphurous  acid  gas 
and  nitrous  acid  fumes,  which  produce,  as  in  the  apparatus 
figured  already,  the  white  crystalline  solid,  by  which,  when 
decomposed  by  the  water  at  the  bottom  of  the  chamber,  the 
sulphuric  acid  is  produced,  and  nitric  oxide  gas  evolved. 
This  nitric  oxide,  mixing  with  the  atmospheric  air,  which  is 
always  present  in  large  excess  in  the  interior  of  the  chamber, 
is  reconverted  into  nitrous  acid,  which  combines  with  a  new 
quantity  of  sulphurous  acid  generating  another  proportion  of 
the  solid  body,  from  whose  decomposition  by  the  water  the 
nitric  oxide  is  again  evolved  with  little  loss ;  and  thus  the 
oxygen  of  the  air  is  gradually  transferred  to  the  sulphurous 
acid  by  the  intermediate  agency  of  the  nitrous  acid  fumes. 
Were  there  no  nitric  acid  formed,  the  same  quantity  of  nitric 
oxide  might  convert  an  infinite  quantity  of  sulphurous  acid 
into  sulphuric  acid ;  but  as  the  oil  gf  vitriol  produced  always 
retains  a  certain  proportion  of  the  nitric  acid,  it  is  necessary 
to  supply  its  I0SS9  and  to  send  into  the  chamber  a  continued 
current  of  nitrous  acid  fumes.  This  is  secured  by  the  con- 
struction already  described ;  about  one  part  of  nitrate  of 
soda  being  decomposed  for  every  eight  or  nine  parts  of  sul- 
phur burned  in  the  furnace,  cf,  e.  The  draught  is  regulated 
by  the  chimney,  c,  which  is  fitted  with  a  valve,  by  the  posi- 
tion of  which  a  current  of  air  is  established  through  the 
chamber  sufficient  to  bring  the  gases  into  complete  mixture 
inside,  and  in  due  proportions,  but  which  does  not  carry 
them  away  until  their  action  is  completed. 
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The  inclination  given  to  the  bottom  of  the  chamber  is  for 
the  purpose  that  the  water,  which  having  dissolved  most  of 
the  sulphuric  acid,  becomes  heaviest,  shall  flow  down  to  the 
farthest  end,  and  thus  there  shall  be,  on  the  surface  and  next 
the  front,  a  layer  of  the  weakest  acid,  ready  to  absorb  and 
decompose  the  g^eat  quantity  of  the  crystalline  body  formed 
when  the  mixed  sulphurous  and  nitrous  acid  gases  meet 
the  damp  atmosphere  of  the  chamben 

The  water  in  the  chamber  is  allowed  to  remain  unchanged 
until  it  has  attained  a  specific  gravity  of  about  1*600;  it  is 
then  removed  by  leaden  pipes,  and  concentrated  by  evapo- 
ration in  leaden  cisterns,  until  its  specific  gravity  is  increased 
to  about  1*76.  When  so  strong,  it  begins  to  act  upon  the  lead, 
and  must  be  transferred  to  vessels  of  glass,  or  still  better,  of 
platinum,  in  which  the  concentration  may  be  finished.  In  the 
strongest  form  in  which  it  can  be  so  obtained,  its  specific 
gravity  is  1*847,  and  it  contains  81'54  of  real  acid  in  100* 

Thus  is  the  oil  of  vitriol  of  commerce  manufactured.  At 
present,  a  modification  of  the  process  has  been  introduced, 
in  consequence  of  the  extensive  use  of  the  iron  pyrites 
(bisulphuret  of  iron,  FeS^),  in  place  of  sulphur,  as  the  source 
of  the  sulphurous  acid.  Instead  of  the  furnace,  ^,/,  there 
is  built,  in  front  of  the  chamber,  a  kiln,  somewhat  like  a 
limekiln,  except  that  it  is  narrowed  at  top  into  a  chimney 
passing  into  the  chamber.  At  the  bottom  of  the  kiln  is 
placed  a  layer  of  coal  or '  wood,  on  it  the  pyrites  in  small 
pieces.  The  fire  is  lighted,  and  the  ignition  being  commu- 
nicated to  the  pyrites,  the  sulphur  bums,  forming  sulphu- 
rous acid,  which  is  conducted  into  the  chamber,  whilst  the 
iron  remains  behind  as  peroxide.  The  pan  with  nitre  and 
oil  of  vitriol  is  supported  in  the  kiln  at  such  a  height  above 
the  mass  of  burning  pyrites,  as  that  the  temperature  may 
not  be  too  great.  According  as  the  combustion  proceeds, 
new  quantities  of  pyrites  are  introduced  by  apertures  high 
np  m  the  kiln,  whilst  the  residue  of  adherent  rock  and 
oxide  of  iron  is  raked  out  from  the  ashpits  at  the  bottom. 

A  form  of  sulphuric  acid  is  prepared  upon  the  continent. 
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and  known  as  Gennan  oil  of  vitriol,  or  fuming  sulphuric 
acid,  which  is  much  stronger  than  can  be  made  by  the  com- 
bustion of  sulphur,  as  has  been  described.  It  is  obtained 
by  exposing  sulphate  of  iron  to  a  red  heat,  in  earthen  re- 
torts. If  the  sulphate  of  iron,  perfectly  dry,  be  strongly 
heated,  the  sulphuric  acid  is  driven  off,  and  oxide  of  iron 
remains  behind,  but  the  acid  is  mostly  resolved  into  sulphu- 
rous acid  and  oxygen,  and  consequently  lost.  But  if  the 
sulphate  of  iron  be  not  completely  dried,  the  sulphuric  acid 
combines  with  the  water,  and  distilling  over  in  combination 
with  it,  forms  a  dark  coloured  liquid,  of  a  thick,  oily  consis- 
tence, specific  gravity  about  1*9,  and  consisting  generally  of 
about  90  of  real  acid  and  10  of  water,  in  100,  approaching 
closely  to  the  formula  2SO3  -{-  HO.  At  the  same  time,  a 
quantity  (one-half)  of  the  acid  is  decomposed,  the  iron 
becoming  peroxidized,  and  sulphurous  acid  gas  being 
evolved.  Thus,  4(S03  +  FeO)  and  HO  give  2SO3  -f  HO 
and  2SO2,  leaving  behind  2Fe303,  known  in  commerce  as 
colcothar  of  vitriol. 

This  process  is  carried  on  in  a  long  furnace,  in  which  are 
ranged  about  120  earthen  re^ 
torts,  as  I,  in  rows  of  20,  contain- 
ing the  partially  dried  sulphate  of  iron.  They  are  graduaUy 
heated,  until  the  fumes  of  sulphuric  acid  begin  to  appear, 
and  the  receiver,  a,  is  then  attached,  in  which  the  acid  is 
condensed  by  means  of  cold  applied  externally. 

When  this  fuming  sulphuric  acid  is  heated,  it  is  resolved 
into  ordinary  oil  of  vitriol  and  real  sulphuric  acid.  This 
last  being  very  volatile,  distils  over  in  colourless  vapours, 
which,  on  coming  into  contact  with  moist  air,  form  dense 
white  fumes  of  liquid  acid.  If  the  colourless  vapour  be  re- 
ceived in  a  dry  vessel,  cooled  by  a  freezing  mixture,  it  con- 
denses in  beautiful  white  satiny  fibres,  constituting  the  dry 
sulphuric  acid.  This  acid  melts  at  77^,  and  very  little  above 
that  temperature  it  boils.  The  specific  gravity  of  its  vapour 
is  2762,  formed  by 
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One  volume  of  vapour  of  sulphur, .     ,     .     =s   6648*0 
Nine  volumes  of  oxygen,   .    .     1102-6x9=   9923-4 

The  ten  volumes  forming  six,    ,     .     .     •     =  16571*4 

Of  which  one  weighs,  therefore,     .    .    •    •      ^61*9 

When  this  dry  sulphuric  acid  in  vapour  is  brought  into 
contact  with  dry  barytes,  lime,  or  magnesia,  they  combine 
with  brilliant  combustion,  forming  sulphates  of  those  earths. 
When  a  mass  of  the  crystals  is  thrown  into  water,  it  hisses 
as  on  the  immersion  of  red  hot  iron,  and  ordinary  Uquid  sul- 
phuric acid  is  produced* 

There  exist  several  definite  compounds  of  sulphuric  acid 
with  water,  of  which  the  most  remarkable  are  two ;  the  first  is 
the  strongest  oil  of  vitriol  ipade  in  this  country,  and  contains 
an  equivalent  of  acid  united  to  one  of  water;  its  formula  is 
SO3  +  HO ;  its  most  important  properties  have  been 
already  described.  The  other  contains  twice  as  much 
water ;  its  formula  being  SO3  +  SHO ;  its  specific  gravity 
i»  1780.  When  exposed  to  the  temperature  of  melting  ice, 
this  acid  forms  large  and  regular  crystals,  whilst  the  stronger 
or  weaker  acids  require  very  intense  cold  to  solidify  them. 
When  oil  of  vitriol  is  mixed  with  water,  the  great  heat 
which  is  produced  results  from  the  formation  of  definite 
compounds ;  and  it  has  been  already  shewn,  (page  295,)  that 
no  matter  what  combination  a  certain  quantity  of  sulphuric 
acid  forms,  it  evolves  the  same  quantity  of  heat  on  entering 
into  union. 

Sulphuric  acid,  formed  by  the  combustion  of  sulphur,  as 
described,  in  leaden  chambers,  is  liable  to  be  contaminated 
by  the  presence  of  some  nitric  acid  and  of  lead ;  from  these 
it  may  be  freed  by  redistillation,  which  should,  however,  be 
conducted  with  great  care,  as  the  vapour  of  the  acid  forms 
interruptedly  and  by  sudden  bursts,  which  might  endanger 
the  apparatus.  On  diluting  common  oil  of  vitriol,  a  white 
powder  is  generally  seen  to  form,  which  is  sulphate  of  lead, 
that  had  been  held  in  solution  by  the  strong  acid,  but  which 
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the  diluted  acid  lets  precipitate.  The  acid  now  formed  from 
the  iron  pyrites  is  found  to  cpntain  frequently  arsenic  and 
selenium ;  the  presence  of  the  former  may  become  of  great 
importance  in  medico-legal  investigationsj  and  the  detection 
of  it  will  be  fully  described  in  its  proper  place* 

Sulphuric  acid  is  very  easily  detected  by  means  of  a  so- 
lution of  nitrate  ofbarytes.  If  the  smallest  quantity  of  sul- 
phuric acid  be  present,  a  white  precipitate  is  formed,  which 
is  insoluble  in  muriatic  acid,  even  when  boiled. 

Sulphuric  acid  appears  to  dissolve  certain  bodies  in  small 
quantity,  which  are  not  soluble  without  alteration  in  any 
other  medium.  These  are  sulphur,  carbon,  tellurium,  and 
selenium.  These  solutions  are  not,  however,  of  any  inde- 
pendent interest. 

Hypomdphuroua  Add. 
SftO^orSOapf  S. 

When  a  stream  of  sulphurous  acid  gas  (SO2)  is  passed 
into  a  solution  of  sulphuret  of  calcium,  it  is  absorbed,  a 
quantity  of  sulphur  is  precipitated,  and  the  liquor,  when  fil- 
tered,  is  found  to  be  a  solution  of  hyposulphite  of  lime. 
The  reaction  which  occurs  is  simple.  Half  of  the  oxygen  of 
the  sulphurous  acid  passes  to  the  calcium,  to  form  lime,  re- 
ducing the  sulphurous  to  the  state  of  hyposulphurous  acid, 
and,  at  the  same  time,  the  sulphur  which  had  been  com- 
bined with  the  calcium  is  set  free.  2CaS  and  2SO9  giving 
SCaO  +  S3O3,  whilst  8S  is  precipitated. 

This  acid  is  also  formed  when  sulphur  is  boiled  with  an 
alkaline  liquor,  or  with  milk  of  lime.  Thus,  when  soda  and 
sulphur  are  boiled  in  water,  the  liquor  contains  hyposulphite 
of  soda  and  sulphuret  of  sodium,  produced  by  3NaO  and 
4S  givmg  NaO  •}■  SjO^  and  2Na.S. 

This  acid  itself  is  very  easily  decomposed ;  it  may,  how- 
ever, be  obtamed,  at  least  for  a  time,  in  a  free  state,  by- 
adding  to  any  of  its  salts  a  stronger  acid ;  or  better,  by 
bringing  sulphurous  acid  and  sulphuretted  hydrogen  gas  to 
meet  in  water ;  the  reaction  which  occurs  is  that  4SOa  and 
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2SH  give  3S3O3  aad  SO.H.  Tbe  water  gradually  becomes 
intensely  sour,  but  after  some  time,  tbis  acid  resolves  itself 
into  sulphur  and  sulphurous  acid. 

The  most  remarkable  character  which  the  compounds  of 
hyposulphurous  acid  possess,  is,  that  they  dissolve  those 
compoonds  of  silver  which  are  insoluble  in  water,  as  the 
chloride  and  iodide,  and  form  a  solution  possessing  an  in- 
tensely sweet  taste ;  upon  this  property  is  founded  their  use 
in  daguerroty})e  and  photogenic  drawing.  This  acid  is  also 
recognized  by  its  silver  salt  being  decomposed,  when  boiled, 
into  black  snlphnret  of  silver  and  free  sulphuric  acid. 
S2O2  -4-  AgO  giving  SO3  and  AgS.  It  is  an  important  fact, 
also,  in  the  history  of  the  hyposulphuric  acid,  that  its  salts 
do  not  always  contain  metallic  oxides^  but  that  it  may  form 
salts  with  metallic  sulphurets ;  thus,  there  are  two  hyposul- 
phites of  sodium,  of  which,  one  contains  oxide  of  sodium, 
(soda,)  the  other  sulphuret  of  sodium.  Their  formulae  are 
SjOa  -f*  NaO  and  SjO^  +  NaS.  Each  of  these,  in  crystal- 
lizing, combines  with  teti  atoms  of  water,  like  common  sul- 
phate of  soda ;  they  possess  like  it  a  point  of  maximum 
solubility,  and  the  crystals  of  all  three  appear  to  be  isomor- 
phous.    There  are,  therefore,  three  salts. 


SOa.S  +  NaS  +10.HO, 
SO,.S+NaO  +  10.HO, 
SOa.O+NaO-t-lO.HO, 


the  similar  constitution  of  which  evidences  the  relation  of 
sulphur  and  oxygen  in  a  remarkable  degree,  and  will  furnish 
the  ground  of  speculations  of  great  interest,  to  which  I  shall 
JQSt  now  recur. 

Hyposulphuric  Add. 
SaOsorSaO*^©. 

When  sulphurous  acid  gas  is  passed  thrbugh  water  in 
which  pure  peroxide  of  manganese  is  diffused,  this  dissolves, 
and  the  solotion  contains  neutral  hjrposulphate  of  manga- 
The  reaction  by  which  it  is  produced  is  simply  that 
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the  second  atom  of  oxygen  of  the  peroxide  of  manganese 
converts  two  equivalents  of  sulphurous  acid  into  hyposul- 
phuric  acid,  which  is  exactly  neutralized  by  the  protoxide 
of  manganese  that  is  evolved.  MnOa  and  SSO2  giving 
MnO  +  SjOft. 

When  a  salt  of  hyposulphuric  acid  is  heated,  it  is  re- 
solved  into  sulphurous  acid,  which  passes  off  as  gas,  and  a 
neutral  sulphate  which  remains  behind.  S3O5  +  RO  giving 
SO2  and  SO3  +  RO.  The  acid  may  be  obtained  free  by 
decomposing  its  barytes  salt  by  sulphuric  acid,  but  it  cannot 
be  kept  long.  When  heated,  it  gives  off  sulphurous  acid,  and 
sulphuric  acid  remains;  and  even  when  cold  it  rapidly  forms 
sulphuric  acid,  by  absorbing  oxygen. 

Remarks  on  the  Constitution  of  the  Compounds  of  Oxygen 
and  Sulphur. 

The  progress  of  science  has  gradually  brought  into  view 
a  number  of  facts,  by  which  it  is  now  very  nearly  fiilly  esta- 
blished, that  of  the  bodies  just  now  described,  we  must  look 
upon  the  sulphurous  acid  as  the  only  direct  compound  of 
sulphur  and  oxygen,  and  that  in  the  others,  sulphurous  acid 
must  be  considered  as  pre-existing.  The  reasons  for  this  are 
very  numerous.  By  the  direct  union  of  sulphur  and  oxygen 
we  never  can  obtain  any  other  compound  than  sulphurous 
acid;  the  others  being  always  formed  from  it,  prepared 
either  perfectly  distinctly,  or  at  the  moment  of  the  reaction, 
and  then  presented  to  other  elements  with  which  it  may 
unite. 

On  this  view  the  necessity  of  the  indirect  process  of  ma- 
nufacture of  sulphuric  acid  becomes  evident.  The  sulphur, 
when  it  forms  sulphurous  acid,  is  fully  saturated  with  oxygen, 
and  cannot  combine  with  any  more ;  but  the  sulphurous  acid 
(SO2)  acts  as  a  compound  radical,  like  cyanogen,  as  described 
in  p.  378,  and  may  unite  with  any  of  the  simple  and  com- 
pound bodies.  It  does  not  unite  directly  with  oxygen,  but 
it  does  so  with  nitrous  acid,  and  the  body  so  formed  is  decom- 
posed by  water,  producing  sulphuric  acid,  as  has  been  fully 
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described.  In  like  manner^  to  form  hyposulphurous  acidj 
the  radical,  sulphurous  acid,  combines  with  sulphur ;  the 
compound  is  a  sulphur  acid,  SO2  +  S,  and  combines  with 
sulphur  bases  to  form  a  distinct  class  of  salts.  The  hypo- 
sulphuric  acid  contains  also  sulphurous  acid  as  its  basis ; 
but  there  are  two  equivalents  of  the  radical  to  one  of  oxygen : 
it  is  2SO3  +  O.  This  hypothesis  is  rendered  still  stronger 
by  the  fact,  that  sulphurous  acid  combines  with  chlorine  and 
with  iodine  to  form  the  chloro-sulphurous  acid,  SO2  +  CI ; 
and  the  iodo-sulphurous  acid,  SO3 + 1.  It  combines  also  with 
nitric  oxide  to  form  the  nitro-sulphurous  acid,  SO3  +  NO3. 
The  chloro-sulphurous  acid  is  produced  by  the  direct  combi- 
nation of  chlorine  and  sulphurous  acid,  when  exposed  to  strong 
sun-light.  The  iodo-sulphurous  acid  is  formed  by  passing 
sulphurous  acid  gas  through  a  solution  of  iodine  in  pyroxylic 
spirit,  and  the  nitro-sulphuric  acid,  which  exists  only  com- 
bined with  bases,  by  placing  a  solution  of  sulphite  of  potash 
in  contact  with  nitric  oxide,  which  it  gradually  absorbs.  The 
sulphurous  acid  forms,  therefore,  an  extensive  range  of  com- 
binations, in  which  it  serves  as  a  compound  radical,  and  of 
which  the  formulae  are  as  follows  : 


Sulphuric  acid. 


SO2  +  O 


Hypo-sulphuric  acid,   •  .  .  2SO3  +  O 

Hypo-sulphurous  acid,  .  .     SO2  +  S 

Chloro-sulphurous  acid,  •  .     SO2  +  CI 

Iodo-sulphurous  acid,  .  .  .     SO2  +  I 

Nitro-sulphurous  acid,  .  .     SO2  +  NO2 

The  ordinary  salts  of  sulphurous  acid,  the  Sidphiiei^  I 
rank  along  with  the  compounds  of  chlorine  with  the  metallic 
oxides,  and  with  peroxide  of  hydrogen,  which  bodies  they 
resemble  also  in  their  bleaching  powers. 

Compounds  of  Sulphur  and  Hydrogen. 
Sulphur  unites  with  hydrogen  in  two  proportions,  forming 
a  gas.  Sulphuretted  Hydrogen^  by  an  equivalent  of  each  ele- 
ment, and  a  heavy  liquid,  when  in  the  proportion  of  one  equi- 
valent of  hydrogen  to  two  of  sulphur. 
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To  prepare  sulphuretted  hydrogen^  the  proto-sulphuret 
of  iron  (FeS)  is  acted  on  by  dilute  sulphuric  acid,  in  the  appa- 
ratus figured  in  p.  400.  A  Kvely  effervescence  occurs  from 
the  escape  of  sulphuretted  hydrogen  gasj  and  the  solution 
contains  sulphate  of  protoxide  of  iron ;  a  gentle  heat  may  be 
applied  to  favour  the  reaction  of  the  materials.  In  this  pro- 
cess water  is  decomposedj  its  oxygen  being  transferred  to 
the  iron  and  its  hydrogen  to  the  sulphur ;  the  result  may  be 
expressed  as  follows :  FeS  and  SOa  +  HO  give  HS  and 
SO3  +  FeO*  This  gas  may  also  be  obtained  by  acting  on 
sulphuret  of  potassium  by  dilute  sulphuric  or  muriatic  acid, 
in  which  case  the  theory  is  the  same  as  that  already  given. 
Sulphuret  of  antimony  and  liquid  muriatic  acid  produce, 
when  heatedj  very  pure  sulphuretted  hydrogen,  the  reaction 
being  that  Sba33  and  3(HCI)  give  Sb^CU  and  3(HS). 

The  sulphuretted  hydrogen  gas,  being  absorbed  by  water, 
cannot  be  well  collected  over  it,  except  it  be  saturated  with 
common  salt,  or  be  heated  to  above  90^,  in  which  case  its 
solvent  power  is  very  much  diminished.  It  cannot  be  kept 
long  over  the  mercurial  pneumatic  trough,  for  the  lead  and 
tin  always  present  in  the  mercury  of  commerce  gradually 
decompose  it,  combining  with  the  sulphur,  and  leaving  the 
hydrogen  free ;  the  volume  of  the  gas  remains  the  same 
during  this  decomposition. 

This  gas  is  colourless  and  transparent:  it  is  characterized 
by  its  fetid  odour,  that  of  rotten  eggs,  which  indeed  owe  their 
peculiar  odour  to  the  formation  of  this  gas  during  their 
putrefaction.  Its  specific  gravity  is  1177.  It  consists,  there- 
fi^re,  of 

One  volume  of  vapour  of  sulphur,  ....    6648*0 
Six  volumes  of  hydrogen,      .     .     68-8  X  6  =    412-8 

the  seven  volumes  are  condensed  to  six,      .    .    7060*8 

of  which  one  weighs^  therefore, 1176*8 

The  sulphuretted  hydrogen  gas  dissolves  in  water,  form- 
ing a  solution  which  is  extensively  used  as  a  reagent  f<^  the 
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metals,  from  the  solutions  of  most  of  which  it  precipitates 
metallic  sulphurets  of  various  colours,  by  which  many  metals 
may  be  recognized.  Thus,  antimony  gives  an  orange,  man- 
ganese a  flesh  red,  arsenic  and  cadmium  a  canary  yellow,  and 
several,  as  lead,  mercury,  and  bismuth,  black  or  brown  pre- 
cipitates. 

Sulphuretted  hydrogen  is  highly  inflammable ;  if  burned 
in  a  limited  quantity  of  air,  the  hydrogen  is  consumed,  whilst 
most  of  the  sulphur  is  deposited.  By  means  of  nitric  acid 
or  chlorine  it  may  be  completely  decomposed ;  hence,  chlo* 
rine  acts  as  a  disinfectant  and  purifier  of  sewers  or  rooms 
impregnated  with  the  odour  of  sulphuretted  hydrogen. 
This  gas  is  very  poisonous ;  air  being  capable  of  producing 
death  to  large  animals,  if  respired,  though  it  may  not  con- 
tain more  than  ^^  of  this  gas.  Many  of  the  metals  decom- 
pose sulphuretted  hydrogen,  particularly  when  heated  in 
this  gas,  combining  with  the  sulphur,  and  setting  the  hydro- 
gen free.  This  occurs,  slowly,  even  at  common  tempera- 
tures; and  hence  metals,  as  gold  and  silver,  which  are  not 
oxidized  by  the  air,  are  gradually  tarnished  by  the  sul- 
phuretted hydrogen,  which,  exhaled  from  decomposing 
animal  matter,  is  always  present  in  the  atmosphere.  This 
gas,  evolved  probably  by  the  action  of  water  on  the  native 
sulphurets  of  iron,  at  high  temperatures,  is  a  frequent  consti- 
tuent of  mineral  springs,  and  forms  the  class  of  spas  termed 
sulphureous,  such  as  those  of  Harrowgate,  Lucan,  and 
Golden-bridge.  They  are  easily  i^cognized  by  the  fetid 
odour,  by  blackening  a  silver  spoon,  or  by  giving  a  black  or 
brown  precipitate  with  a  solution  of  acetate  of  lead. 

In  its  chemical  relations,  sulphuretted  hydrogen  assimi- 
lates itself  closely  to  water ;  its  composition  and  equivalent 
numbers  are  as  follows : 

Sulphur,      94-18  One  equivalent  =  201-2  or  16- 1 
Hygrogen,    5-82  One  equivalent  =    12-5  or    1-0 

lOOOO  218-7       17-1 
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Bi'Stdphuret  of  Hydrogen. — ^To  prepare  this  substance, 
bi-sulphuret  of  potassium  is  to  be  dissolved  in  water,  and 
the  solution  gently  poured  into  dilute  muriatic  acid  ;  the  po- 
tassium combines  with  the  chlorine,  and  the  hydrogen  unites 
with  the  sulphur ;  KSb  and  H.CI  givbg  KCl  and  HS,;  the 
latter  sinks  to  the  bottom  of  the  vessel  as  a  heavy  yellow 
liquid,  insoluble  in  water,  but  decomposed  rapidly  by  con- 
tact with  it,  unless  free  acid  be  present.  It  is  not  easily 
obtained  pure,  as  the  sulphuret  of  potassium,  formed  by 
melting  salt  of  tartar  and  sulphur  together,  or  by  dissolving 
sulphur  in  a  solution  of  caustic  potash,  always  contains  an 
excess  of  sulphur,  beyond  two  atoms,  which  precipitating 
along  with  this  true  compound,  dissolves  in  it  and  modifies 
its  properties  and  composition. 

This  oily  liquid  is  characterized  by  separating,  with  great 
ease,  into  sulphuretted  hydrogen  gas  and  solid  sulphur; 
indeed  the  best  way  of  obtaining  sulphuretted  hydrogen  con- 
densed into  a  liquid,  is  to  seal  up,  in  a  strong  tube,  a  quantity 
of  this  bbulphuretted  hydrogen,  which,  after  a  short  time,  is 
decomposed ;  the  gas  not  being  able  to  escape,  is  liquefied  by 
the  pressure  it  exercises,  whilst  the  sulphur  separates  in 
octohedral  crystals. 

This  body  is  decomposed  by  all  substances  which  de- 
compose deutoxide  of  hydrogen.  Black  oxide  of  manganese, 
or  oxide  of  silver  put  in  contact  with  it,  evolve  sulphuretted 
hydrogen  gas,  and  often  with  the  appearance  of  light  and 
heat ;  it  corrodes  the  skin,  and  appears  to  possess  bleaching 
properties. 

Sulphurets  of  nitrogen  have  been  discovered  and  de- 
scribed ;  they  are  solid  and  crystallizable,  but  are  of  no  im- 
portance. 

Of  Selenium. 

Selenium  was  discovered  by  Berzelius,  and  accompanies, 
although  in  exceedingly  small  quantity,  the  native  metallic 
sulphurets,  existing  as  seleniurets  of  the  same  metals.    It 
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remains  even  still  a  very  rare  substance  :  it  has  not  been 
introduced  into  the  arts  or  into  medicine,  and  it  will  hence 
be  necessary  to  touch  upon  its  history  but  very  slightly. 

When  extracted  from  its  native  combinationsi  selenium  is 
a  solid,  of  a  dark  brown  colour,  and  when  smooth,  with  me- 
tallic lustre.  Its  density  is  4*32 ;  its  fracture  is  crystalline ; 
it  melts  a  little  above  the  boiling  point  of  water,  and  boils  at 
650^ ;  its  vapour  is  of  a  deep  yellow  colour,  like  that  of  sul- 
phur. In  its  manner  of  combination  it  resembles,  almost 
completely,  sulphur. 

In  one  respect,  however,  they  differ :  when  selenium  is 
burned  in  air,  it  combines  with  but  one  equivalent  of  oxygen, 
forming  oxide  of  selenium  (SeO.),  a  colourless  gas,  which  is 
remarkable  for  its  pungent  odour  of  horse-radish.  By  this 
means  selenium  may  be  recognized,  even  when  present  in 
exceedingly  small  quantity.  Sulphur  does  not  appear  to  form 
a  similar  compound. 

When  selenium  is  boiled  with  nitric  acid,  it  unites  with 
two  equivalents  of  oxygen,  and  forms  selenious  add,  SeO^* 
This  may  be  also  produced  by  burning  selenium  in  oxygen 
gas  at  a  high  temperature.  It  is  solid,  white,  volatile,  and 
may  be  obtained  crystallized  by  sublimation,  or  from  its  wa- 
tery solution.  Selenious  acid  may  be  deprived  of  its  oxygen 
by  contact  with  zinc  or  iron  filings,  or  by  sulphurous  acid : 
selenium  is  set  free  as  a  fine  crimson  precipitate.  When 
selenite  of  ammonia  is  heated,  it  gives  water,  nitrogen,  and 
free  selenium. 

If  a  current  of  chlorine  gas  be  passed  through  a  solution 
of  selenious  acid,  or  if  selenium  be  melted  with  nitre,  the 
selemc  acid  is  formed  (SeOs),  which  has  the  most  remarkable 
analogy  with  sulphuric  acid.  All  their  similar  salts  are  iso- 
morphous,  and  almost  identical  in  properties.  Indeed,  to 
distinguish  them,  it  is  necessary  to  boil  the  salt  with  muriatic 
add,  which  has  no  action  on  the  sulphate,  but  gives  with 
the  seleniate,  chlorine,  and  selenious  acid. 

Selemwretted  Hydrogen  is  formed  by  the  action  of  acids 
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upon  metallic  selemurets,  in  precisely  the  same  manner  as 
that  described  under  the  head  of  sulphuretted  hydrogen.  It 
is  a  colourless  gas,  of  an  extremely  fetid  odour,  irrespirable, 
soluble  in  water,  and  precipitating,  from  the  solutions  of 
many  of  the  metals,  metallic  seleniurets ;  these  are  generally 
black  or  brown,  but  the  seleniuret  of  manganese  is,  like  the 
sulphuret,  flesh-red,  and  that  of  zinc  is  white. 

When  sulphuret  of  hydrogen  is  passed  into  a  solution  of 
selenious  acid,  water  is  formed,  and  a  sulphuret  of  selenium 
is  produced,  analogous  to  selenious  acid,  its  formula  being 
Se  +  S3.    It  is  a  canary  yellow  powder,  insoluble  in  water. 

Of  Phosphorus. 

Phosphorus  exists  in  nature,  principally  in  the  animal 
kingdom,  in  the  bones  of  the  Tcrtebrated  animals,  in  the 
fluids  of  the  body,  and  also  in  the  pulpy  material  of  the  brain 
and  nerves.  It  is  found  in  small  quantity  in  many  YCgetables, 
and  is  a  constituent  of  some  minerals.  It  is  prepared  as  an 
article  of  manufacture  in  large  quantity  in  London  and  Paris. 
In  the  latter  city  it  is  computed  that  about  200,0001bs.  of 
phosphorus  are  annually  obtained. 

The  principal  source  of  phosphorus  js  the  earthy  mate- 
rial of  bones  (phosphate  of  lime.)  The  bones  are  first  burned 
until  they  become  completely  white,  and  then  ground  to  pow- 
der. To  three  parts  of  this  powder  are  added  thirty  parts 
of  water  and  two  of  oil  of  vitriol.  The  sulphuric  acid  unites 
with  a  portion  of  the  lime  of  the  bone  ashes,  whilst  the  re- 
mainder forms  with  the  whole  of  the  phosphoric  acid  a  solu- 
ble salt  which  is  obtained  in  the  liquor,  when  the  insoluble 
sulphate  of  lime  is  separated  by  straining  through  a  cloth. 
The  liquor  is  evaporated  to  the  consistence  of  a  sirup,  and 
gradually  mixed  with  a  quantity  of  powdered  charcoal,  about 
one-fourth  the  weight  of  the  bones  that  had  been  used,  and 
the  whole  completely  dried  at  a  temperature  just  below  red- 
ness. This  mass  is  introduced,  in  powder,  into  an  earthen 
retort,  a,  which  is  placed  in  a  furnace,  as  in  the  figure.    To 
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the  neck  of  the  retort  is  adapted 
a  copper  tube,  b^  the  other  ex-r 
trenlity  of  which  dips  a  little  {nto 
the  water  in  the  bottle  which 
serves  as  a  receiver.  The  retort 
being  gradually  heated,  the  ex<« 
cess  of  the  phosphoric  acid  is 
decomposed  by  the  charcoal,  the 
carbon  of  which  combines  with 
the  oxygen  to  form  carbonic  acid^ 
whilst  the  phosphorus  becomes 
free  ;  this  being  volatilized  by  the  high  temperature,  passes 
in  the  state  of  vapour  into  the  copper  tube,  where  it  is 
condensed,  and  flowing  down  in  the  liquid  form  into  the  bot- 
tle, collects  under  the  surface  of  the  water.  The  copper 
tube  must  dip  so  little  under  the  water,  that  by  no  conden- 
sation could  this  be  forced  back  into  the  retort. 

The  phosphorus  so  obtained  is  again  melted  under  the 
surface  of  the  water,  and  poured  into  glass  tubes,  where  it  is 
allowed  to  soUdify.  It  thus  gets  the  cyUndrical  form  in  which 
it  is  found  in  commerce. 

Phosphorus,  when  pure,  is  transparent  and  colourless, 
but,  as  generally  found,  it  is  of  a  pale  yellow,  or  even  of  a 
reddish  colour.  At  ordinary  temperatures  it  is  soft,  so  that 
it  may  be  bent,  or  cut  with  a  knife ;  but  at  32^  it  becomes 
quite  brittle  and  crystalline  in  its  fracture*  It  is  insoluble  in 
water,  but  it  dissolves  in  the  volatile  oils,  in  ether,  and  in 
sulphuret  of  carbon,  from  which  last  it  may  be  obtained  in 
(nrystals  of  considerable  size,  Which  are  regular  dodecahe- 
dronsj  as  in  the  figure*  It  has  also  been 
obtained  crystallized  by  fusion,  under  the 
form  of  octohedrons.  At  108^  phosphorus 
^  melts  into  a  colourless  liquid,  and  at  550^ 
it  boils,  forming  a  colourless  vapour,  the 
sp.  gr.  of  which  is  4S27.  Phosphorus 
appears  to  assume  an  anomalous  condition 
like  that  of  sulphur ;  when  strongly  heated  and  suddenly 
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cooled,  it  becomes  jet  black  and  opaque,  but  gradually  re- 
turns to  its  ordinary  aspect* 

Phosphorus  is  exceedingly  inflammable.  Even  at  ordi- 
nary temperatures,  when  exposed  to  the  air,  it  burns  slowly, 
forming  phosphorous  acid,  and  emitting  light  visible  in  the 
dark,  from  whence  its  name  (^«iic  ^epcii,  I  bring  light.)  It, 
at  the  same  time,  emits  a  remarkable  and  penetrating  garlic 
smell.  It  is  hence  that  phosphorus  is  used  to  analyze  atmos- 
pheric air,  and  that  it  must  always  be  preserved  under  water. 
When  heated  to  120^  phosphorus  bursts  into  brilliant  flame^ 
and  unites  with  oxygen  to  form  phosphoric  acid.  The  com- 
bustibility  of  phosphorus  is  influenced  by  the  presence  of 
various  gaseous  b6dies  in  a  very  remarkable  degree.  Thus, 
in  pure  oxygen  phosphorus  does  not  burn,  or  give  any  light, 
until  the  temperature  is  raised  to  80^;  and  if  the  oxygen 
or  air  be  mixed  with  small  quantities  of  olefiant  gas,  or  the 
vapours  of  ether  or  of  oil  of  turpentine,  its  slow  combustion 
may  be  totally  prevented.  This  influence  even  extends,  un- 
der some  circumstances,  to  much  higher  temperatures. 

The  atomic  weight  of  phosphorus  had  been  formerly  taken 
as  15*7  (H  =  1)  in  consequence  of  some  views  of  the  con- 
stitution of  its  compounds,  which  are  now  generally  abandon- 
ed, and  I  consider,  the  true  equivalent  number  to  be  31*4, 
double  the  former. 

Phosphorus  combines  with  oxygen  in  four  proportions 
forming  an  oxide,  and  three  acid  compounds,  the  constitu- 
tion of  which  follows : 

Oxide  of  phosphorus,   .  =2P  +  0=z62-8+    8-0  =  70-8 

Hypophosphorous  acid,  =z   P  +  0  =  31-4+    8-0  =  394 

Phosphorous  acid,     .     .  =z   P  +  O3  =  3 1  -4  -f  24'0  =  55-4 

Phosphoric  acid    .     .    .  =  P  +Oszz  31-4  +  40-0  =  71-4 

Oxide  of  Phosphorus. — ^When  phosphorus  is  exposed  to 
light,  in  water  containing  air  dissolved,  it  gradually  becomes 
covered  with  a  white  powder  which  is  a  compound  of  phos- 
phorus with  water,  but  there  forms  at  the  same  time,  a  red* 
dish  substance  which  is  oxide  of  phosphorus.     It  is  gene- 
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rated  also  wheseyer  phosphorus  is  incompletely  burned,  and 
may  be  formed  in  large  quantity,  by  melting  phosphorus 
under  water,  and  bringing  a  stream  of  oxygen  gas  to  act 
upon  it  by  means  of  a  tube  passing  to  the  bottom  of  the 
vessel ;  the  phosphorus  bums  brilliantly,  but  being  present 
in  great  excess,  it  passes  principally  only  to  the  lowest  de- 
gree of  combination  that  it  can  form.  It  may  be  obtained 
purer  by  other  processes,  which  are,  however,  too  compli- 
cated to  be  introduced  in  this  place. 

The  oxide  of  phosphorus  so  formed,  is  a  red  or  yellow 
powder  insoluble  in  water;  it  is  exceedingly  inflammable  in 
some  forms,  but  in  others  does  not  take  fire  until  heated  to 
near  the  boiling  point  of  mercury.  It  is  not  probable  that 
the  red  and  yellow  substances,  which  are  called  oxide  of 
phosphorus,  are  really  identical,  as  they  differ  in  their  most 
striking  characters,  besides  in  colour.  The  formula  P3O,  is 
that  obtained  from  the  yellow  matter ;  Pelouze  considers  the 
reddish  matter  to  be  expressed  by  P3O2. 

Hypaphosphorous  Acid. — ^This  acid  is  very  little  known  ; 
it  is  formed  when  phosphorus  is  heated  in  a  solution  of  an 
alcali  or  earth ;  water  is  decomposed,  one  portion  of  phospho- 
rus combining  with  the  hydrogen,  and  another  with  the 
oxygen,  produce  phosphuretted  hydrogen  gas,  which  passes 
off,  and  hypophosphorous  acid  which  remains  combined  with 
the  alcali  or  earth  employed ;  the  reaction  may  be  shewn  thus 
with  phosphorus  and  solution  of  barytes,  4P,  3HO  and  SBaO 
give  S(PO  +  BaO)  and  PH3. 

The  hypophosphite  of  barytes,  so  obtained,  may  be  de- 
composed by  sulphuric  ^cid,  and  the  sulphate  of  barytes 
being  removed  by  filtration,  the  hypophosphorous  acid  re- 
mains uncombined ;  its  solution  may  be  evaporated  to  the 
consistance  of  a  sirup,  but  it  cannot  be  obtained  solid ;  it 
is  decomposed,  by  continuing  the  heat,  into  phosphuretted 
hydrogen,  phosphoric  acid,  and  some  phosphorus  is  set 
free- 

Its  salts  are  aU  soluble  in  water,  and  most  of  them  crystal- 
lize and  contain  water  of  crystallization;  when  heated  strongly. 
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they  give  phosphiiretted  hydrogen,  and  a  phosphate  of  the 
base. 

Phosphorous  Acid, — ^This  acid  is  the  principal  product  of 
the  slow  combustion  of  phosphorus,  but  to  obtain  it  pure  it 
is  necessary  to  avoid  carefully  an  excess  of  oxygen ;  for  this 
purpose,  a  glass  tube  of  ten  inches  long,  and  half  an  inch 
bore,  is  drawn  out,  at  one  end,  to  a  point  with  an  aperture 
large  enough  to  admit  a  pin,  and  bent  at  an  obtuse  angle 
about  two  inches  from  the  point ;  at  the  bend  is  laid  a  piece 
of  phosphorus,  which  is  heated  until  it  takes  fire,  but  the 
temperature  must  not  rise  so  high  as  to  sublime  any  of  it.  Aa 
there  is  a  great  excess  of  phosphonis  present,  the  principal 
product  of  the  combustion  is  phosphorous  acid,  whicb  being 
formed  in  exceedingly  light  flakes,  is  carried  by  the  current 
of  air  to  the  upper  part  of  the  tube,  where  it  is  deposited. 
These  flakes  are  volatile,  and  may  be  sublimed  from  one  part 
of  the  tube  to  another ;  they  attract  water  so  powerfully,  that 
the  heat  evolved  is  sometimes  great  enough  to  inflame  the 
phosphorous  acid,  which  then  combines  with  more  oxygen, 
and  forms  phosphoric  acid. 

Phosphorous  acid  is  more  easily  prepared  in  the  liquid 
form ;  for  this  purpose,  a  quantity  of  phosphorus  is  placed  in 
a  thin  glass  vessel,  covered  with  water,  to  the  depth  of  some 
inches ;  a  current  of  chlorine  is  then  conducted  by  a  tube 
to  the  phosphorus,  which  inflames,  and  forms  proto-chloride 
of  phosphorus ;  this  substance  is  immediately  decomposed 
by  the  water,  phosphorous  acid  and  muriatic  acid  being 
produced ;  the  P.CI3  and  3HO,  giving  PO3  and  3H.C1 ;  both 
acids  dissolve  in  the  water,  but  by  evaporating  the  solution 
to  the  consistence  of  a  sirup,  the  muriatic  acid  passes  off  as 
gas,  and  the  hydrate  of  phosphorous  acid,  PO3  +  3HO,  re- 
mains behind*  This  hydrated  acid  cannot  be  freed  from  water 
by  further  heat,  it  being  then  decomposed  into  phosphoric 
acid,  and  the  variety  of  phosphuretted  hydrogen  which  is 
not  spontaneously  inflammable.  Thus,  4(P03  +  3HO)  give 
3(P05  +  3HO)andPH3. 

The  solution  of  phosphorous  acid  absorbs  oxygen  rapidly 
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from  the  air,  and  with  the  a96ifitance  of  heat,  reduces  to  the 
metallic  state  the  salts  of  mercury,  silver,  gold,  and  platina« 
It  is  hence  cx:casionalIy  used  as  a  deoxidizing  agent. 

Phosphoric  Acid* 

When  this  acid  is  required  in  large  quantity,  it  is  gene- 
rally prepared  from  the  earth  of  bones,  which  are  acted  on 
by  sulphuric  acid,  as  was  described  for  the  pt*eparation  of 
phosphorus.  The  acid  solution  of  superphosphate  of  lime 
is  decomposed  by  carbonate  of  ammonia,  by  which  the  lime 
is  thrown  down  in  combination  with  carbonic  acid,  and  the 
phosphoric  acid  remains  in  solution  as  phosphate  of  ammonia. 
This  salt  may  be  crystallized,  but  it  is  generally  evaporated 
to  dryness,  and  ignited ;  the  ammonia  passes  off,  and  the 
phosphoric  acid  remains  behind  melted,  and  solidifies  on 
cooling  into  a  colourless  glass,  the  glctcial  phosphoric  acid. 

It  may  also  be  obtained  by  acting  on  phosphorus  with 
dilute  nitric  acid.  This  supplies  oxygen  to  the  phosphorus, 
and  nitric  oxide  is  evolved.  When  the  action  has  terminated, 
the  solution  is  to  be  evaporated  to  dryness,  and  the  resi-* 
dual  phosphoric  acid  ignited,  to  expel  all  traces  of  nitric 
acid.  This  process  is  somewhat  dangerous,  as  sometimes 
fragments  of  phosphorus  are  projected,  by  the  effervescence, 
out  of  the  liquid,  and  burning  in  the  nitric  oxide  gas,  may 
burst  the  retort.  The  phosphoric  acid  may  also  be  pre- 
pared very  simply,  and  in  a  pure  and  dry  state,  by  setting 
fire  to  some  phosphorus  in  a  little  cup,  and  covering  it  with 
a  large  bell  glass.  The  oxygen  of  the  contained  air  forms 
phosphoric  acid,  which  is  deposited  in  white  flakes  on  the 
inside  of  the  glass,  and  on  the  supporting  plate.  In  all 
these  cases,  the  acid  so  obtained  is  destitute  of  water;  it  is 
anhydrous. 

The  phosphoric  acid  has  a  great  aflSnity  for  water,  com^ 
bining  with  it  almost  explosively.  It  may  form  three  dis* 
tinct  compounds,  phosphates  of  footer,  the  constitution  of 
which  is  as  follows : 

2  K 
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Monobanic  phosphate  of  water,      .    POa  +  HO. 

Bibasic  phosphate  of  water,  .     .     .    PO5  +  2HO.   ^**^^ 

Tribasic  phosphate  of  water,  .  .  PO5  +  3H0. 
This  relation  was  first  established  by  the  researches  of 
Graham,  whose  admirable  memoir  on  the  arseniates  and 
phosphates  formed  an  important  epoch  in  science.  The 
phosphoric  acid  combines  not  only  with  water  in  these  three 
proportions,  but  each  of  them  is  a  type  of  a  series  of  salts, 
which  the  phosphoric  acid  is  capable  of  forming.  Thus, 
there  is  a  class  of  monobasic  phosp/uUes,  another  class  of 
bibanc  phosphates^  and  a  third,  which  is  the  most  common, 
of  tribasic  phosphates  ;  the  water  contained  in  the  phosphates 
of  water  being  replaced  to  a  greater  or  less  extent,  by  means 
of  equivalent  proportions  of  ammonia  or  metallic  oxides. 

A  solution  of  phosphoric  acid  in  water  may  contun  any 
one  of  the  three  phosphates  of  water  that  have  been  de- 
scribed, and  when  neutralized  by  bases,  may  hence  produce 
totally  different  salts.  The  properties  of  a  solution  of  phos* 
phone  acid  may,  therefore,  be  totally  different  according  to 
the  manner  in  which  it  had  been  prepared,  and  hence  this 
acid  was  at  one  time  ranked  as  a  remarkable  instance  of 
isomerism ;  but  Graham  has  beautifully  shewn,  that  the  di& 
ference  of  properties  is  only  the  result  of  the  existence  of  the 
different  states  of  combination  in  which  the  phosphoric  add 
actually  exists.  It  will  consequently  be  necessary  to  study 
separately  the  properties  of  the  three  compounds  of  phos- 
phoric acid  with  water. 

Monobasic  Phosphate  of  Water. — ^A  solution  of  this  body 
reacts  powerfully  acid,  it  precipitates  albumen  (white  of  egg) 
in  white  curds ;  when  neutralized  by  a  base,  it  gives  salts 
which  contain  but  one  atom  of  base,  their  formula  being 
POft  +  RO,  and  a  soluble  salt  of  it  produces,  in  solutions  of 
silver,  a  white,  soft,  precipitate,  PO5  +  AgO.  This  is  the 
least  stable  of  the  phosphates  of  water,  it  gradually  passes 
into  the  other  forms,  particularly  when  its  solution  is  boiled. 

Bibasic  Phosphate  of  Water. — ^This  form  of  the  acid  may 


SALTS  OP  PHOSPHORIC  ACID.  487 

be  prepared  by  decomposing  bibasic  phosphate  of  lead  by 
sulphuretted  hydrogen.  It  is  characterized  by  combining 
always  with  two  equivalents  of  base,  forming  salts,  whose 
formula  is  PO5  +2RO ;  its  salts  give,  with  nitrate  of  silver,  a 
white  precipitate  PO5  +  SAgO,  which  is  not  pasty  like  the 
monobasic  phosphate.  The  salts  of  this  acid  may  contain  only 
one  equivalent  of  fixed  base,  the  other  being  water,  and  may 
hence,  at  first  sight,  appear  to  be  constituted  like  the  mono- 
basic salts;  the  basic  water  is,  however,  easily  known  to  be 
present,  by  its  not  being  expelled  by  a  moderate  heat,  with 
the  water  of  crystallization,  but  requiring  a  temperature 
approaching  to  ignition  for  its  expulsion. 

Tribanc  Phosphate  of  Water — ^lliis  is  the  form  of 
phosphoric  acid  which  represents  the  dass  of  salts  most 
generally  known;  it  is  characterized  by  not  precipitating 
albumen,  and  by  combining  with  three  equivalents  of  base 
when  fuDy  neutralised.  In  the  majority  of  cases,  of  the  three 
equivalents  of  base,  one  is  water,  thus  the  common  phos- 
phate of  soda  is  a  tribasic  phosphate,  its  formula  being 
(PO5  +  2NaO.HO)  4-  24Aq;  when  moderately  heated,  or 
even  by  long  exposure  to  dry  air,  it  loses  the  24  Aq,  but  it  re- 
qiures  to  be  melted  at  a  red  heat,  in*  order  to  drive  off  the 
twenty-fifth  atom  of  water,  and  if  this  be  done,  on  redisr 
solving  the  fused  mass  in  water,  it  crystallizes  in  a  totally 
different  form,  and  is  found  to  have  been  changed  into  bibasic 
phosphate  of  soda,  the  formula  of  which  is  (PO5  +  2NaO) 
+  lOAq.  The  difference  is  remarkably  shewn  by  the  action 
of  these  salts  on  solution  of  silver;  common  phosphate  of 
soda  precipitates  nitrate  of  silver  of  a  canary  yellow,  and 
the  solution  becomes  acid ;  one  equivalent  of  tribasic  phos- 
phate of  soda,  decomposing  three  equivalents  of  nitrate  of 
silver,  producing  oneequivalentof  tribasicphosphate  of  silver, 
two  of  nitrate  of  soda,  and  one  of  nitrate  of  water ;  this  last 
being  liquid  nitric  acid,  of  course  renders  the  liquor  acid. 
The  reaction  may  be  simply  expressed 

PO4  +  2NaO.HO  and  3  (NO5  +AgO) 
give  PO4  +  SAgO . . .  2(NO»  -I-  NaO)  and  NO5  +  HO. 

2k2 
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If  on  the  other  hand  bibasic  phosphate  of  soda  be  nsed,  the 
liquor  remains  neutral,  for  PO*  +  2NaO  and  2(N05  +  AgO) 
give  PO5  +  2AgO  and  2(N04  +  NaO), 

In  the  tribasic  phosphates,  it  frequently  occurs,  that  there 
shall  be  but  one  equivalent  of  fixed  base,  the  other  two 
being  water ;  such  salts  have  frequently  an  acid  reaction,  and 
were  formerly  termed  biphosphates.  Thus  one  tribasic  phos- 
phate of  soda  isP05  +  Na0.2HO;  the  biphosphate  of 
ammonia  is  tribasic,  its  formula  being  PO^  4- NH4O.  2H0. 

These  salts  of  phosphoric  acid  were  originally  desig- 
nated by  Graham,  metaphosphates,  pyrophosphates,  and 
common  phosphates,  but  the  systematic  names  which  he  has 
since  proposed  should  be  universally  adopted. 

In  the  general  remarks  on  the  constitution  of  salts,  and 
on  some  other  occasions,  I  shall  have  opportunities  to  return 
to  the  consideration  of  this  subject. 

Compounds  0/ Phosphorus  and  Hydrogen. 

Although  it  is  probable  that  there  exist  at  least  two 
compounds  of  phosphorus  and  hydrogen,  yet  I  shall  describe 
only  that  which  is  gaseous  (PH3),  as  of  it  alone  do  we  possess 
accurate  knowledge. 

The  modes  of  preparing  this  gas  have  been  already 
noticed.  It  may  be  formed,  1st,  when  phosphorus  is  heated 
in  a  solution  of  potash  or  barytes,  or  with  milk  of  lime;  the 
water  being  decomposed,  gives  its  oxygen  to  one  portion  of 
the  phosphorus  to  form  hypophosphorous  acid,  and  its 
hydrogen  to  another,  forming  phosphuretted  hydrogen  gas: 
Snd,  when  the  hydrated  phosphorous  acid  is  heated,  the 
water  is  decomposed,  and  phosphoric  acid  and  phosphuretted 
hydrogen  are  produced.  The  gas,  prepared  in  these  ways: 
possesses  very  different  properties  ;  I  shall  term  that  obtained 
by  the  first  process,  the  a,  and  that  by  the  second  the  b 
variety.  If  the  a  gas,  evolved  from  the  retort  a,  be  allowed 
to  bubble  through  the  water  of  the  pneumatic  trough,  each 
bubble  of  gas,  as  it  bursts  in  the  air,  takes  fire  spontaneously, 
and  burning  with  a  beautiful  white  flame,  forms  a  ring  of 
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phosphoric  acid  smoke,  which,  widening  as  it  rises,  may 
ascend  to  a  considerable  height,  if  the  air  of  the  apartment 


be  still,  without  its  form  being  broken  up.  The  structure  of 
this  ring  is  exceedingly  curious  and  pretty ;  it  consists  of  an 
amazing  number  of  small  rings,  which  revolve  with  great 
rapidity  on  their  axis,  and  whose  plane  is  perpendicular  to 
that  of  the  general  ring  which  they  produce.  This  is  spon- 
taneously inflammable  phosphuretted  hydrogen :  if  the  gas 
bubbles  be  received  in  a  jar  of  pure  oxygen,  the  combustion 
is  excessively  brilliant  and  explosive*  The  b  variety  of  the 
gas  is  not  spontaneously  inflammable,  but  if  set  on  fire,  it 
bums  with  the  same  appearance  as  the  other. 

On  analysis,  the  two  varieties  give  exactly  the  same  re- 
sult, they  are  colourless  and  transparent,  and  of  a  very  dis- 
agreeable garlic  smell ;  but  slightly  absorbed  by  water,  and 
precipitating  the  generality  of  metallic  salts,  giving  insoluble 
phosphurets.  The  specific  gravity  is  the  same  for  both, 
being  1 185,  which  arises  from — 

One  volume  of  phosphorus-vapour,     .    •     =i  4337*0 
and  six  volumes  of  hydrogen,    .    68*8  X  6  =    413*8 

being  condensed  to  four, 4739*8 

of  which  one  weighs,  therefore, 1184-9 

Their  constituents  by  weight,  and  equivalent  numbers,  are  as 
follows : 

Phosphorus,  =  9129    One  equivalent,      =  392-3  or  31*4 
Hydrogen,       .    8*71    Three  equivalents,  =    375  or    3*0 

100-00  429-8      34-4 


490  PH08PHURETTED  HYDROGEN. 

These  two  Tarieties  were  naturally  looked  upon  as  iso- 
meric, but  Graham  has  shown  that  the  difference  of  proper* 
ties  may  arise  from  the  presence  of  a  small  quantity  of  foreign 
substancci  as  such  may  change  the  one  variety  into  the  other. 
Thusi  a  very  small  quantity  of  the  vapour  of  ether  removes 
altogether  the  power  of  spontaneous  inflammability  from  the 
A  variety ;  the  vapour  of  the  essential  oils,  and  even  carbon, 
phosphoric  acid,  and  potassium,  produce  the  same  effect 
On  the  other  hand,  an  exceedingly  small  quantity  of  vapour 
of  nitrous  acid,  or  nitric  oxide,  converts  the  variety  b  into  a, 
and  makes  it  spontaneously  inflammable.  Graham  considers, 
that  in  obtaining  the  gas  from  phosphorus  and  milk  of  lime, 
&c.,  it  is  accompanied  by  a  very  minute  trace  of  some  com- 
pound of  phosphorus  and  oxygen,  probably  the  same  as  is 
formed  by  nitrous  acid  with  the  b  variety  which  is  really 
spontaneously  inflammable,  and  acting  as  a  match,  inflames 
the  general  mass  of  gas ;  see  p.*  483. 

Phogphuret  of  Nitrogen. — This  compound  has  been  dis- 
covered and  described  by  Rose,  but  possesses  no  important 
properties. 

Sulphurei  of  Phosphorus  is  formed  by  melting  together 
sulphur  and  phosphorus  in  equivalent  weights.  It  appears 
that  these  elements  unite  in  more  proportions  than  one.  The 
compound  is  much  more  inflammable  than  phosphorus,  and 
is  the  materbl  used  in  the  phosphorus  match-boxes. 

Of  Chlorine. 

Chlorine  exists  in  large  quantity  in  nature,  principally 
combined  with  sodium,  forming  immense  deposits  of  rock 
salt  (chloride  of  sodium)  in  England,  in  Poland,  and  else- 
where ;  and  in  the  same  state  it  communicates  the  saltness, 
and  constitutes  the  chief  ingredient  of  sea  water.  It  is  found 
also  combined  with  calcium,  mercury,  lead,  silver,  and  some 
other  metals ;  but  these  compounds  are  rare,  and  exist  only 
in  small  quantity.  The  only  source  of  chlorine,  practically 
useful  in  chemistry  and  in  the  arts,  is  from  common  salt. 

To  obtain  chlorine  in  large  quantity,  the  common  salt  is 
mixed  with  peroxide  of  manganese,  and  then  decomposed 
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by  sulphuric  acid  ;  the  half  of  the  oxygen  of  the  peroxide  of 
manganese  passes  to  the  sodium^  the  chlorine  being  expelled, 
and  the  soda  and  protoxide  of  manganese  both  unite  with  the 
sulphuric  acid.    Thus,  MnOa  and  NaCl,  treated  with  2S03, 
produce  SO3.Na0+SO3.Mn0,  and  CI  is  evolved.  By  weight, 
about  six  parts  of  oxide  of  manganese  and  eight  of  chloride 
of  sodium  are  employed  with  thirteen  of  oil  of  vitriol ;  and  as 
the  manufacturers  of  chloride  of  lime  are  generally  makers  of 
oil  of  vitriol  also,  a  proportionate  quantity  of  acid  of  1*600 
from  the  chamber  (p.  469)  is  generally  used  in  place  of  strong 
oil  of  vitriol ;  the  expense  of  concentration  being  thus  saved. 
Into  a  leaden  still,  A,  A,  such  as  is  re- 
presented in  the  figure,  the  mixed 
salt  and  manganese  are  introduced  at 
the  aperture,  t,  which  is  then  tightly 
closed;  the  sulphuric  acid  enters  by 
the  bent  funnel,  i,  and  these  mate- 
rials are  well  mixed  by  means  of  the 
agitator  turned  by  the  cross  handle,  n  ; 
the  gas  evolved  escapes  by  the  tube,  a, 
which  conducts  it  to  its  destination.    At  first  the  operation 
does  not  require  heat,  but  the  still  sits  in  an  iron  jacket,  e,  e, 
into^ which  steam  is  conducted  by  the  tube,  /,  and  thus  the 
heat  necessary  for  the  decomposition  is  kept  up ;  a  waste 
pipe,  jf,  serves  for  running  out  the  residue  of  one  process  in 
order  to  clear  the  still  for  another. 

When  chlorine  is  required  in  small  quantity  in  the  labo- 
ratory, it  may  be  more  conveniently  prepared  from  the  mu- 
riatic acid  of  commerce,  which  is  a  solution  of  chloride  of 
hydrogen  gas  in  water.  This  is  completely  decomposed  by 
peroxide  of  manganese  at  very  moderate  temperatures,  the 
hydrogen  of  the  muriatic  acid  combining  with  the  oxygen  of 
the  peroxide  of  manganese,  to  form  a  deuto-chloride  of  man- 
ganese, which  is  completely  resolved  by  a  very  moderate 
heat  into  proto-chloride  and  free  chlorine.  Thus,  at  first, 
MnOa  and  S.CLH  give  MnCl,  and  2HO.  and  then  MnCl^ 
separates  into  MnCl  and  CI,  which  is  evolved  as  gas.    For 
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ihift  it  is  only  necessary  to  introduce  about  one  part  of  per- 
oxide and  three  of  muriatic  acid  into  an  apparatus,  such  as 
those  already  often  figured,  and  the  gas  may  be  obtained. 
The  collection  of  the  chlorine  requires  some  remark.  It  is 
absorbed  rapidly  by  cold  water,  and  it  cannot  be  collected 
over  mercury,  as  it  combines  rapidly  with  it,  forming  calo- 
mel ;  water,  heated  to  above  90*",  should  therefore  be  used ; 
but  it  is  still  better  to  take  advantage  of  the  great  density  of 
chlorine  for  its  collection. 

If  the  tube  conduct- 
ing the  chlorine  from  the 
flask  a,  in  which  it  is  ge- 
nerated,bebroughttothe 
bottom  of  a  dry  glass  c, 
the  chlorine  issues  there, 
and  being  much  heavier 
than  the  air,  pushes  the 
air  up  out  of  its  way, 
and  gradually  fills  the 
jar  completely,  precisely 
as  by  conducting  a  stream  of  water  to  the  bottom  of  a  vessel 
containing  oil,  this  might  be  perfectly  expelled,  and  the 
vessel  filled  with  water.  The  colour  of  the  chlorine  allows 
the  gradual  filling  of  the  bottle  to  be  seen,  and  by  stopping 
its  aperture  with  a  greased  stopple,  the  gas  may  be  pre- 
served unaltered  for  a  long  time. 

The  chlorine,  when  thus  prepared,  is  a  greenish  yellow  gas, 
whence  its  name,  (xX(i>/ooc);ofan  extremely  suffocating  odour, 
irritating  the  air  passages  when  respired,  even  very  much  di- 
luted, in  an  intolerable  degree.  Its  specific  gravity  is  2470.  On 
plunging  a  lighted  taper  into  chlorine,  it  bums  for  a  moment 
with  a  red  smoky  flame,  but  is  soon  extinguished.  Many 
bodies  burn,  however,  more  readily  in  chlorine  than  in  air, 
or  even  in  oxygen  gas.  If  some  powdered  antimony  or 
arsenic  be  thrown  into  a  bottle  of  chlorine,  they  take  fire, 
with  bright  scintillations.  Tin  or  brass  foil  bum  sponta- 
neously, as  also  phosphorus,  although  with  little  light.     A 
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paper  dipped  in  oil  of  turpentine  takes  fire  spontaneously, 
the  hydrogen  burning,  and  the  carbon  being  deposited  as  a 
thick  bkck  smoke.  The  affinity  of  chlorine  for  hydrogen  is 
▼ery  great :  when  mixed,  these  gases  gradually  unite,  even  at 
common  temperatures,  and  suddenly  with  explosion,  if  set  on 
fire  by  a  taper,  or  by  the  electric  spark.  In  consequence  of 
this  affinity  for  hydrogen,  chlorine  decomposes  most  organic 
substances,  one-half  of  the  chlorine  removing  an  equivalent 
quantity  of  hydrogen,  and  the  other  half  going  in  its  place; 
thus,  ether  and  chlorine  give  chloride  of  hydrogen  and 
chlorine  ether,  C4HftO  and  lOCl  giving  C4CI6O  and  5HC1. 
Very  often,  however,  the  action  of  chlorine  is  much  more 
complex. 

Perhaps  the  most  important  character  of  chlorine,  and 
certunly  that  upon  which  its  value  in  the  arts  depends,  is 
its  power  of  removing  the  colour  of  organic  substances;  its 
bleaching  properties.      Formerly  it  was   considered  that 
water  was  necessary  for  this  bleaching,  and  that  the  chlorine 
combined  with  the '  hydrogen,  whilst  the  oxygen  of  the 
water  being  thus  thrown  upon  the  organic  substance,  oxi- 
dised it,  and  formed  a  new  body,  which  was  colourless.    I 
have  shown,  however,  that  this  is  not  the  case,  but  that  the 
chlorine  enters  into  the  constitution  of  the  new  substance 
formed,  sometimes  replacing  hydrogen,  at  others  sunply 
combining  with  the  coloured  body,  and  in  some,  the  reaction 
being  so  complex,  that  its  immediate  stages  cannot  be  com- 
pletely traced.     I  shall  notice  this  agency  of  chlorine  again, 
when  describing  the  chloride  of  lime,  and  also  when  discus- 
sing its  relations  to  organic  chemistry. 

From  this  action  on  organic  bodies,  chlorine  is  exten- 
sively employed  as  a  disinfectant,  to  remove  the  miasmata 
and  infectious  impurities  by  which  the  atmosphere  of  an 
hospital  may  be  contaminated.  For  this  purpose,  it  is  desi- 
rable to  evolve  the  gas  slowly,  but  continuously ;  in  order 
to  do  so,  some  chloride  of  lime,  diffused  through  water,  may 
be  placed  in  a  capsule  or  teacup,  and  by  a  funnel,  the  throat 
of  which  ia  partly  stopped,  dilute  sulphuric  acid  be  allowed 
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to  drop  down  on  it  The  acid  takes  the  lime,  and  the  chlo- 
rine 18  set  free. 

When  chlorine  is  brought  into  contact  with  water  at  32^, 
they  combine,  forming  a  hydrate  which  crystallizes  in  plates, 
and  which,  when  heated  to  about  45^,  is  decomposed.  If  a 
quantity  of  these  crystals  be  sealed  up  in  a  strong  glass 
tube,  the  chlorine,  when  liberated,  exercises  so  much  pres- 
sure, as  to  condense  itself  into  a  liquid.  This  was  the  first 
instance  in  which  the  liquefaction  of  the  gases  was  success- 
ful. Water  holding  chlorine  in  solution  possesses  the 
colour,  odour,  taste,  and  bleaching  properties  of  the  gas 
itself,  and  may  hence  be  used  for  the  purposes  of  the  arts, 
although  not  so  manageable  or  convenient  as  many  other 
forms.  When  chlorine  water  is  exposed  to  the  light,  it  is 
gradually  decomposed,  chloride  of  hydrogen  being  formed, 
and  oxygen  set  free ;  the  solution  becomes  colourless,  loses 
its  bleaching  powers,  and  acquires  an  acid  reaction.  In  con- 
tact with  other  bodies,  chlorine  may  decompose  water  much 
more  rapidly;  and  is  hence  frequently  employed  as  an  oxidi* 
zing  agent,  substances  being  frequently  oxidized  by  chlorine 
to  a  higher  degree  than  by  nitric  acid.  This  results,  probably, 
from  the  chlorine  first  combining  with  the  body,  and  the 
compound  then  decomposing  water;  thus,  when  chlorine 
converts  selenious  acid  into  selenic  acid,  it  is  probable  that  it 
is  not  that  the  chlorine  decomposes  water,  but  that  it  unites 
with  the  selenious  acid,  forming  chloroselenious  add, 
SeOa.Cl,  which,  in  contact  with  water,  is  resolved  into 
SeOa.O  and  Cl.H.  Very  frequently  chlorine  oxidizes  a 
metal  to  a  higher  degree  by  combining  with  one  portion  of 
it,  and  hence  throwing  all  of  the  oxygen  upon  the  remainder ; 
thus,  protoxide  of  iron  is  converted  into  peroxide,  by  chlo- 
rine, because  6FeO,  acted  on  by  3C1,  produce  FesCU  and 
SFcaOa*  The  direct  decomposition  of  water  by  chlorine,  I 
consider  to  occur  very  seldom. 

The  combinations  of  chlorine  form,  perhaps,  next  to 
those  of  oxygen,  the  most  complete  series  which  exists  in 
chemistry.    Its  affinities  are  so  varied  that  it  unites  with 
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almost  all  the  simple  bodies,  metallic  and  noD-metallic,  and  in 
most  cases  it  forms  more  than  one  compound  with  the  other 
body.  Its  metallic  compounds  are  generally  constituted  like 
the  oxides  of  the  same  metals,  bat  in  its  union  with  the  non- 
metallic  bodies,  it  does  not  appear  to  follow  so  closely  the 
analogies  of  oxygen. 

Chlorine  possesses  also  the  property  of  combining  with 
metallic  oxides,  apparently  without  decomposition,  in  many 
cases,  and  of  forming  compounds  resembling  peroxides,  in 
which  a  portion  of  the  oxygen  is  replaced  by  chlorine.  Thus, 
with  lime  it  forms  CaO.Cl.  with  protoxide  of  lead  PbO.Cl. 
with  barytes  BaO.Cl.  which  correspond  probably  to  Pb.Os 
and  Ba.Os.  In  the  hydrate  ofchlorine,  which  is  CI -|-10HO, 
it  is  likely  that  a  compound  corresponding  to  peroxide  of 
hydrogen  may  exist,  and  that  the  constitution  of  the  crystals 
may  be  HO.C1+9HO,  and  that  bleaching  compounds  in 
general  may  have  that  type. 

Chlorine  is  easily  recognized,  when  free,  by  its  peculiar 
odour,  by  its  bleaching  powers,  and  by  producing  with  a 
solution  of  nitrate  of  silver  a  white  curdy  precipitate,  which 
is  insoluble  in  acids,  soluble  in  water  of  ammonia,  and  is  ra- 
pidly blackened  by  exposure  to  the  sun's  rays.  When  in 
combination  with  a  metal,  its  solution  gives  the  same  kind  of 
precipitate  of  chloride  of  silver,  but  the  bleaching  properties 
and  smell  are  absent 

Compounds  of  Chlorine  with  Oxygen. 
These  are  four,  constituted  as  follows : 
Hypochlorous  acid,  =  CI  -h  O    =:  35*4  -h  8    =  43*4 
Chlorous  acid,      .     =  CI  -h  40  z:  35*4  -h  32  =  67-4 
Chloric  acid,    ,    •     =  CI  -J-  50  =  S5'ii  -j-  40  =:  75-4 
Perchloric  acid,     .     =  a  -j-  70  =  87-4  +  56  =  91-4 

Hypochlorous  Acid. 
If  red  oxide  of  mercury,  diffused  through  a  small  quan- 
tity of  water,  be  introduced  into  bottles  containing  chlorine, 
and  the  whole  be  agitated,  the  gas  is  rapidly  absorbed,  and 
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corobining  with  both  constituents  of  the  oxide,  forms  chlo- 
ride of  mercury  and  hypochlorous  acid.  ThuS|  Hg.O  and 
2C1  give  Hg.CI  and  ChO.  As  there  is  always  an  excess  of 
oxide  of  mercury  employed,  the  chloride  of  mercury  com- 
bines with  it,  forming  the  insoluble  brown  oxychloride  of 
mercury  Hg.Cl-l-SHg.O  which  separates,  and  the  hypo- 
chlorous  acid  remains  nearly  pure  in  solution  in  the  water. 
By  a  very  moderate  heat  it  may  be  distilled  in  a  dilute  form, 
and  so  obtained  quite  pure  from  sublimate;  but  at  S12^  the 
acid  is  rapidly  decomposed  into  chlorine  and  oxygen. 

A  solution  of  hypochlorous  acid  is  yellow ;  its  odour  is  like 
that  of  chlorine;  it  bleaches  powerfully ;  it  decomposes  spon- 
taneously even  in  the  cold,  forming  chlorine  and  chloric  acid ; 
it  oxidizes  most  bodies  with  extreme  energy.  To  obtain  it  in 
the  gaseous  form,  it  is  sufficient  to  i  ntroduce  a  small  quan- 
tity of  the  solution  into  a  tube  over  mercury,  and  to  add 
pieces  of  dry  nitrate  of  lime,  the  water  is  absorbed  by  this 
deliquescent  salt,  and  the  acid  remains  as  a  greenish  yellow 
gas,  very  similar  to  chlorine  in  all  respects ;  water  absorbs 
100  volumes  of  it ;  by  raising  its  temperature  even  slightly, 
it  explodes,  and  its  volume  is  increased  by  one-half:  100 
volumes  of  it  produce  100  of  chlorine,  and  fifty  of  oxygen. 
Its  specific  gravity  is  by  theory,  8021*3,  and  its  equivalent 
numbers  542*6  or  43.4:  its  formula  is  Cl.O* 

The  hypochlorous  acid  combines  with  bases  to  form  salts, 
hypochlorites,  which  possess  the  bleaching  properties  of  the 
acid  in  a  great  degree ;  but  their  nature  is  involved  so  much 
in  the  general  history  of  the  bleaching  compounds  of  chlo- 
rine, that  I  shall  not  enter  upon  any  notice  of  them  here. 

Chloric  Add. 

When  chlorine  is  brought  into  contact  with  an  alkaline 
solution,  it  is  absorbed  with  great  avidity,  and  the  liquor 
acquires  powerful  bleaching  properties.  Concerning  the 
nature  of  the  reaction,  the  opinions  of  chemists  are  not  com- 
pletely settled ;  it  may  be  supposed,  on  the  one  hand,  that 
the  chlorine  unites  directly  with  the  alcali,  forming  simply. 
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if  potash  be  employed^  chloride  of  potassa,  KO  •  CL  Bat  on 
the  other  hand,  it  is  possible  that  a  quantity  of  alcali  may  be 
decomposed,  as  certainly  occurs  with  oxide  of  mercury,  and 
that  chloride  of  potassium  and  hypochlorite  of  potash  may 
coexist  in  the  liquor ;  thus,  that  ^KO  and  2CI  should  pro- 
duce KCl  and  Cl.O  +  KO.  The  majority  of  chemists  in- 
cline to  the  latter  view,  but  the  subject  will  hereafter  receive 
detailed  consideration.  In  any  case,  this  bleaching  alcaline 
liquor  is  completely  decomposed  by  boiling,  particularly  if 
it  be  very  concentrated.  Oxygen  gas  is  then  evolved  in  con- 
siderable quantity,  whilst  chloride  of  potassium  and  chlorate 
of  potash  are  produced,  thus  9(K.O  +  Cl.O)  evolve  120 
and  form  8KC1  and  KO  4-  CIO5.  It  is  in  this  way  that  the 
chlorate  of  potash  of  commerce  is  obtained,  and  from  it  the 
chemist  prepares  chloric  acid. 

A  solution  of  this  acid  is  readily  prepared,  by  decom- 
posing a  solution  of  chlorate  ofbarytes  by  sulphuric  acid. 
It  cannot  be  obtained  solid,  as  when  a  concentrated  solution 
of  it  is  heated,  it  is  resolved  into  chlorine,  oxygen,  and  per- 
chloi;ic  acid.  It  does  not  bleach ;  it  does  not  precipitate  a 
solution  of  nitrate  of  silver:  when  in  its  strongest  form,  of  a 
thick  oily  consistence,  it  sets  fire  to  many  organic  bodies 
and  is  a  powerful  oxidizing  agent. 

The  compounds  of  chloric  acid  are  easily  recognized,  by 
yielding,  when  heated,  oxygen  and  a  metallic  chloride ;  thus 
the  chlorate  of  potash  is  used  in  the  preparation  of  oxygen, 
(p.  396)  aOs  +  KO,  giving  CIK  and  6.O.  When  mixed 
with  sulphur,  and  rubbed  in  a  warm  mortar,  they  explode, 
and  if  thrown  upon  an  ignited  coal,  they  deflagrate  with 
violence. 

The  chlorate  of  potash  is  of  very  great  commercial  im- 
portance, from  its  utility  in  making  matches,  and  is  the  source 
from  whence  the  chemist  obtains  the  remaining  compounds 
of  chlorine  and  oxygen. 

The  constitution  and  equivalent  numbers  of  chloric  acid 
are  as  follows — by  weight. 


498  CHLOROUS  ACID. 

Chlorine,    46*95  One  equivalent   =  442*6  or  35*4 
Oxygen,     5305  Rvc cquivalente  =  500-0  or  40-0 

lOOOO  942-6       75-4 

Its  formula  is  CI06  and  like  the  nitric  acid  which  it 
resembles  in  so  many  other  properties,  it  consists  of  five 
volumes  of  oxygen  united  to  two  of  the  other  element. 

Chlorous  Add. — When  chlorate  of  potash  in  fine  powder 
is  decomposed  by  moderately  strong  sulphuric  acid,  the 
chloric  acid,  at  the  moment  of  being  set  free,  breaks  up  into 
two  other  compounds,  one  containing  more,  and  the  other 
less  oxygen,  the  former  being  the  chlorous,  and  the  latter 
the  perchloric  acid;  S.CIO5  giving  2(C104}  and  CIO7.  This 
process  must  be  conducted  very  cautiously,  and  the  retort 
warmed  very  gently  in  a  water  bath*  The  chlorous  acid  may 
be  collected  over  mercury,  or  from  its  great  density,  like 
chlorine,  in  a  dry  jar ;  there  remains  in  the  retort,  a  mixture 
of  bisulphate  and  of  perchlorate  of  potash. 

This  acid  gas  is  of  a  rich  yellowish  green  colour,  and  an 
aromatic  odour ;  it  is  rapidly  absorbed  by  water ;  it  bleaches 
strongly,  and  is  a  powerful  oxidizing  agent,  its  elements  sepa- 
rating from  the  slightest  causes.  If  it  be  heated  above  9W 
it  explodes  with  a  flash  of  light ;  phosphorus  immersed  in  it 
takes  fire  spontaneously,  and  burns  brilliantly  in  the  mixture 
of  chlorine  and  oxygen  which  results  from  its  decomposition. 
This  may  be  very  well  shewn  by  placing  some  crystals  of 
chlorate  of  potash  and  some  phosphorus,  together,  at  the 
bottom  of  a  tall  glass  filled  with  water,  and  conducting  to  the 
mixture,  by  means  of  a  long  glass  funnel,  some  oil  of  vitriol, 
the  phosphorus  bums  in  each  bubble  of  chlorous  acid  gas 
which  forms,  and  a  brilliant  combustion  under  water  results. 

When  this  gas  is  decomposed,  100  volumes  produce  150, 
of  which  50  are  chlorine  and  100  oxygen;  its  specific  gravity 
may  therefore  be  calculated  to  be  2337-5. 

The  chlorpus  acid  combines  with  bases  ^  form  salts, 
chlorites,  which  possess  bleaching  properties,  but  are  not  of 
much  importance,  as  they  do  not  enter  into  practical  use. 
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PereJdofie  Add. — ^This  acid  is  fonned  in  the  process  for 
obtaining  chlorous  acid,  as  already  described,  and  is  obtained 
hj  washing  the  saline  residue  with  cold  water.  The  bisul- 
phate  of  potash  readily  dissolves,  leaving  behind  the  per« 
chlorate  of  potash,  which  is  but  sparingly  soluble  therein ; 
this  may  then  be  dissolved  in  boiling  water,  from  which  it 
crystalUzes  as  the  solution  cools.  When  the  object  is  only 
the  preparation  of  perchloric  acid,  and  not  of  chlorous  acid, 
the  process  becomes  easier  by  heating  chlorate  of  potash 
with  dilute  nitric  acid;  the  elements  of  the  chlorous  acid  are 
then  separated,  merely  mixed  together,  and  the  explosions 
and  sputtering  which  occur  with  sulphuric  acid  are  avoided. 

In  the  process  of  obtaining  oxygen  from  chlorate  of  pot- 
ash, there  occurs  a  period  at  which  it  is  necessary  to  elevate 
the  temperature  very  much  in  order  to  keep  up  the  evolution 
of  gas ;  this  arises  from  the  salt  being  at  first  decomposed 
into  oxygen,  chloride  of  potassium,  and  perchlorate  of  potash, 
3(KO.C106)  giring  2(C1K)  and  KO.aOv  whilst  80  are 
evolved  as  gas.  This  is  exactly  half  of  the  oxygen  which 
the  salt  contains.  If  the  saline  mass  then  remaining  be  washed 
wiih  a  small  quantity  of  water,  the  chloride  of  potassium  dis- 
solves, and  the  perchlorate  of  potash  remains  behind. 

Perchloric  acid  may  be  prepared  from  this  potash  salt  by 
mixing  it,  in  a  retort,  with  half  its  weight  of  oil  of  vitriol,  and 
as  much  water,  and  distilling;  the  acid  passes  over  with  the 
water.  If  it  be  distilled  with  an  excess  of  oil  of  vitriol,  it 
may  be  obtained  free  from  water,  and  is  then  a  white  crys* 
talline  mass,  very  deliquescent,  and  evolving  great  heat  when 
mixed  with  water.  In  this  process,  however,  a  great  part  of 
the  acid  is  decomposed. 

The  perchloric  acid  is  the  most  stable  compound  of  chlo- 
rine and  oxygen.  It  is  not  decomposed  by  muriatic  acid, 
by  which  the  chloric  acid  is  immediately  decomposed,  a  mix- 
ture of  chlorous  acid  and  chlorine  being  evolved ;  CIO5  and 
CIH  giving  HO  and  a  mixture  of  CIO4  with  CI,  which  was 
described  by  Sir  Humphrey  Davy  as  a  peculiar  gas,  Euchlo- 
rine.  By  this  means  the  salts  of  perchloric  and  of  chloric  acid 
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nuay  be  diBtinguuhed.  It  is  not  decomposed  by  alcofaol,  nor 
has  it  any  spontaneous  action  on  organic  bodies.  It  is  well 
characterized  by  the  very  sparing  solubility  of  its  potash  salt, 
whence  it  has  been  employed  as  a  reagent  to  detect  that 
alcali. 

The  constitution  and  equivalent  numbers  of  perchloric 
acid  are  as  follows : 

Chlorine,  38-74    One  equivalent,      =  442-6  or  35'4 
Oxygen,    61*26    Seven  equivalents,  =  700-0  or  56  0 

10000  1142-6      91-4 

Compound  of  CUorine  and  Hydrogen. 

This  compound  exists  naturally  as  a  gas,  of  which  a  solu- 
tion in  water  has  been  known  since  a  very  early  period  in 
chemistry  under  the  names  of  spirit  of  salt,  marine  acid, 
muriatic  acid,  hydrochloric  acid,  and,  more  properly,  chlo- 
ride of  hydrogen.  In  speaking  of  it  under  ordinary  circum- 
stances, I  shall  use  the  common  names  of  liquid  or  gaseous 
muriatic  acid,  according  as  it  is  free  or  combined  with  water ; 
but  in  cases  where  its  functions  in  combination  are  discussed, 
I  shall  term  ^  chloride  of  hydrogen. 

To  prepare  the  gaseous  muriatic  acid,  a  small  quantity  of 
the  commercial  spirit  of  salt  may  be  placed  in  a  flask  or  re- 
tort, connected  with  the  mercurial  pneumatic  trough,  and 
the  gas,  which  passes  off  on  the  application  of  heat,  collected. 
It  may  also  be  prepared  by  the  action  of  oil  of  vitriol  on 
common  salt;  water  being  decomposed,  its  oxygen  unites 
with  the  sodium,  forming  soda,  which  combines  with  the  sul- 
phuric acid,  whilst  its  hydrogen,  uniting  with  the  chlorine, 
produces  the  chloride  of  hydrogen,  which  is  given  offai 
a  gas;  the  reaction  maybe  thus  expressed  fOs.HOTadP 
NaCl  give  SOa-NaO  and  H.Cl. 

This  gas  may  also  be  formed  by  putting  together  chlo^ 
rine  and  hydrogen,  in  equal  volumes.     Even   in  diffuse 
light,  they  combine  completely  in  some  hours,  but,  in  the 
direct  sunshine,  the  union  is  instant  and  explosive.     The 
mixture  may  also  be  fired  by  the  taper  or  by  the  electric 
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spark ;  the  colour  of  the  chlorine  disappears,  and  the  result- 
ing muriatic  acid  gas  occupies  the  same  volume  as  its. ingre- 
dients. In  almost  all  cases  of  the  action  of  chlorine  on 
organic  matters,  this  substance  is  also  formed :  indeed,  the 
agency  of  chlorine  in  bleaching,  and  in  decomposing  organic 
compounds,  appears  generally  to  result  from  its  disposition 
to  unite  with  hydrogen. 

The  chloride  of  hydrogen  is  a  colourless  and  invisible 
gas.  When  completely  dry  it  has  no  action  on  vegetable 
colours,  but  if  a  trace  of  moisture  be  present  it  reddens 
litmus  paper,  and  restores  the  colour  of  turmeric  paper  tha^ 
had  been  browned  by  an  alkali;  hence,  it  is  generally  looked 
upon  as  a  powerful  acid.  When  mixed  with  damp  air,  it 
forms  heavy  white  fumes,  by  uniting  with  the  watery  vapour, 
and  condensing  in  minute  drops  of  liquid  acid.  It  may  be 
liquefied  by  great  pressure.  It  cannot  be  breathed,  but 
does  not  produce  anything  like  the  suffocating  effects  of 
chlorine* 

When  muriatic  acid  gas  is  put  in  contact  with  a  metallic 
oxide,  both  are  decomposed,  a  metallic  chloride  and  water 
being  produced;  thus,  Cu.O  and  H.Cl  give  (^u.Cl  and 
H.O.  If  any  of  the  more  oxidable  metals,  as  iron,  zinc,  or 
potassium  be  heated  in  a  current  of  the  gas,  it  is  decom- 
posed, a  metallic  chloride  being  formed,  and  hydrogen  gas 
evolved.  This  occurs,  also,  when  these  metals  are  immersed 
in  the  liquid  acid ;  a  copious  effervescence  is  produced  by 
the  escape  of  hydrogen,  and  the  water  holds  a  chloride  of 
the  metal  in  solution.  In  this  way  muriatic  acid  may  be 
proved  to  consist  of  equal  volumes  of  hydrogen  and  chlorine 
ui^d  without  condensation.     Its  specific  gravity  is,  by 

tmy. 

One  volume  of  chlorine,    .    .     .     =  S470*0 
One  Tolume  of  hydrogen,      .    •     =      68*8 

give  two  volumes  of  muriatic  acid,  =:  2538-8 

of  which  one  weighs,  therefore,      .     )  269*4 
its  constitution  and  equivalent  numbers  are,  therefore, 

2l 
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Chlorine,    9726  One  equivalent  =  442'6  or  36-4 
Hydrogen,    S-74  One  equivalent  =    12*5  or    I'O 


10000 


4551       36-4 


This  gas  is  distinguished  hy  its  great  affinity  for  water. 
K  a  jar  of  it  be  opened  underwater,  this  fluid  rushes  in,  as  if 
it  were  into  a  vacuum.  If  a  fragment  of  ice  be  introduced 
into  a  bell  glass  of  the  gas,  over  mercury,  the  ice  instantly 
melts,  and  the  mercury  rises  in  the  tube,  the  gas  being 
totally  absorbed.  The  solution  of  the  gas  in  water  is  one  of 
the  most  valuable  agents  in  chemical  research.  To  prepare 
Kquid  muriatic  acid  in  the  laboratory,  chloride  of  sodium  is 
to  be  introduced  into  a  glass  globe,  placed  in  a  sand  bath  on 


the  furnace,  as  in  the  figure,  and  then  an  equal  weight  of 
sulphuric  acid  and  the  same  of  water,  mixed  together,  are 
to  be  introduced  by  the  funnel :  the  decomposition  proceeds 
as  already  explained,  and  the  gas  evolved  passes  by  the 
tube  into  the  first  of  a  range  of  three-necked  bottles,  «a  in 
the  figure.  Each  bottle  is  about  half  full  of  water.  When 
that  in  the  first  has  become  completely  saturated  with  the 
gas,  this  passes  into  the  second,  and  when  it  has  been  satu« 
rated,  into  the  third.  The  vertical  tube  in  the  central  neck 
of  each  bottle  b  a  safety  tube,  the  action  of  which  is  as 
follows.    If  a  sudden  condensation  occurred  in  the  first 
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bottle,  the  acid  in  the  second  might,  hy  the  greater  pressure 
on  its  surface,  be  forced  back  into  it ;  but  before  it  can  rise 
so  high  as  to  pass  through  the  connecting  tube,  the  external 
air  enters  by  the  safety  tube,  being  driven  in  by  the  difference 
of  pressure  inside  and  outside,  and  thus  restores  the  equili- 
brium. Pure  muriatic  acid  may  be  much  more  conveniently 
prepared  for  laboratory  use  by  rectifying  the  spirits  of  salt 
of  commerce.  When  this  is  placed  in  a  distilling  apparatus, 
arranged  as  that  figured  in  p.  451,  and  that  about  one- 
fourth  as  much  water  is  introduced  into  the  receiver,  to  con- 
dense the  quantity  of  gas  which  is  first  expelled,  the 
distillation  may  be  carried  on  until  the  retort  shall  be  nearly 
empty,  and  an  acid  so  obtained  completely  pure,  and  of  a 
▼ery  convenient  strength  for  the  general  range  of  applica- 
tions. 

The  manuiacture  of  this  acid  is  carried  on,  on  a  very  large 
scale,  more  generally  with  a  view  to  the  extraction  of  the 
alcali  fi'om  the  residual  sulphate  of  soda,  than  for  sake  of 
the  muriatic  acid.  The  great  difficulty  in  a  soda  factory 
bdng,  how  to  get  rid  of  the  muriatic  acid  which  is  produced. 
When  the  object  is,  however,  to  prepare  the  liquid  acid,  pre- 
cisely the  same  apparatus  is  employed  as  for  the  manufac- 
ture of  nitric  acid,  which  has  been  already  figured  and  de- 
scribed (p.  452,)  the  cylinders  being  somewhat  larger,  as  from 
four  to  five  cwts.  of  common  salt  are  generally  decomposed  in 
each  cylinder  at  a  charge ;  the  upper  part  of  the  cylinder  is 
generaDy,  both  in  this  operation  and  in  the  making  of  nitric 
acid,  protected  from  the  too  corrosive  action  of  the  acid 
Tapours,  by  being  lined  internally  with  thin  fire  tiles,  and 
the  heads  ee  in  the  figure  ai'e  very  frequently  constructed, 
not  of  metal,  but  of  freestone  or  of  granite.  In  the  decom- 
position of  the  salt  upon  this  large  scale,  the  oil  of  vitriol  is 
employed  of  the  strength  to  which  it  is  brought  in  the 
chambers,  without  concentration,  and  in  such  quantity,  that 
for  each  equivalent  of  chloride  of  sodium,  an  equivalent  of 
real  sulphuric  acid  is  employed.  The  strongest  liquid  mu- 
riatic acid,  thus  prepared,  possesses  a  specific  gravity  of 
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1-21 1.  In  order  to  obtain  water  fully  saturated  with  the  gas, 
it  must  be  kept  near  the  freezing  point  by  artifidal  cold>  it 
then  absorbs  480  times  its  volume,  and  increases  in  bulk,  by 
about  one-fifth.  Its  constitution  b  quite  definite,  for  in  this 
state  it  consists  of  HCl  +  6H0  or  in  numbers, 

Muriatic  acid,  40*27  One  equivalent  =r  455-1  or  36'4 
Water,      .     .  59-73  Six  equivalents  =  6750  or  540 

100-00  1130-1       90-4 

When  this  concentrated  acid  is  heated,  it  evolves  a  large 
quantity  of  gas,  and  the  boiling  point  gradually  rises  to  230^, 
at  which  temperature  the  residual  acid  distils  over  un- 
changed ;  it  then  has  a  specific  gravity  of  1*094,  and  consists 
of  HCl  +  16HO  or  in  numbers, 

Muriatic  acid,  20*13  One  equivalent,  =  455*J  or  36-4 
Water,  79*87  Sixteen  equivalents,  =  1800*0  or  1440 

100-00  2255*1       180-4 

Graham  has  found,  that  the  strong  acid,  when  evaporated 
in  the  open  air,  abandons  a  quantity  of  gas,  whilst  the  re- 
maining liquid  becomes  HCl  +  12HO. 

The  metallic  character  of  hydrogen,  and  the  analogy  of 
its  combinations  with  those  of  zinc,  is  completely  shewn  by 
comparing  the  formulae  of  the  compounds  of  oxide  and  chlo- 
ride of  hydrogen  with  the  compounds  of  oxide  and  chloride 
of  zinc,  and  their  combinations  with  water.  Thus  I  have 
shewn,  that  the  hydrates  of  oxychloride  of  zinc  are  as  fol- 
lows: 

Zna  +  6ZnO 

ZnCl  +  6ZnO  +    6  Aq. 

ZnCl  +  6ZnO  +  10  Aq. 

and  the  definite  states  of  liquid  muriatic  acid',  are 

HCl  +  6HO. 

HC1  +  6H0+    6Aq. 

HCl  +  6HO  +  10  Aq. 


NITBO-MURIATIC  ACID.  505 

As  we  proceed^  other  similar  proofs  of  the  electro-posi* 
tive  and  metallic  character  of  hydrogen  will  be  found. 

The  other  degrees  of  strength  of  the  liquid  muriatic 
acid  are  solutions  in  water  of  one  or  other  of  these  definite 
compounds  ;  a  table  of  them  will  be  found  in  the  appendix. 

The  muriatic  acid  of  commerce  frequently  contains  sul- 
phuric acid,  and  always  a  trace  of  iron,  derived  from  the 
metal  cylinders  in  which  it  is  fabricated.  Occasionally,  sul- 
phurous acid  is  formed  in  it  in  small  quantity.  These  impuri- 
ties are  detected  thus :  by  diluting  the  muriatic  acid  with 
water,  and  adding  nitrate  of  barytes,  a  white  precipitate  is 
formed,  if  sulphuric  acid  be  present ;  yellow  ferroprussiate 
af  potash  indicates  the  existence  of  iron  ;  whilst  solution  of 
protochloride  of  tin  produces  a  brown  precipitate  of  sul- 
phuret  of  tin,  if  sulphurous  acid  had  been  present. 

Muriatic  acid  is  easily  recognized,  as  a  gas,  by  its  action  on 
moist  litmus  paper,  its  fuming  in  the  air,  its  forming  with  am- 
monia dense  white  clouds  of  salammoniac,  and  in  solution,  by 
giring  with  nitrate  of  silver  a  curdy  white  precipitate,  which 
blackens  on  exposure  to  light,  is  totally  insoluble  in  nitric 
acid,  but  dissolves  easily  in  water  of  ammonia. 

Nitro-muriatic  Acid.  Aqua  Regia, — When  nitric  and 
muriatic  acids,  both  colourless,  are  mixed  together,  the  mix- 
ture becomes  deep  yellow,  and  exhales  a  strong  smell  of 
chlorine  and  of  nitrous  acid,  H  .CI  and  NO5  giving  CI  and 
NO4,  with  formation  of  H.O.  This  decomposition,  how- 
ever, proceeds  only  so  far  as  to  saturate  the  liquid  with 
chlorine;  but  if  a  metal  be  placed  in  the  liquid,  it  unites 
with  the  chlorine,  and  new  quantities  of  the  acid  are  decom- 
posed. Thus  the  nitro-muriatic  acid  is  a  source  of  chlorine 
in  a  very  concentrated  state,  and  is  hence  employed  to  dis- 
solve gold  and  platina,  which  are  not  soluble  in  nitric  acid, 
and  to  oxidize  some  bodies  (metallic  sulphurets,)  which  re- 
sist the  action  of  nitric  acid.  The  name  aqua  regia  was 
given  to  it  from  its  power  of  dissolving  gold,  the  ancient 
rex  metallorutn. 

Chloride  cf  Sulphur, — ^In  order[to  obtain  this  body,  a  quan- 
tity of  sulphur  is  placed  in  a  tubulated  retort,  into  which  a 
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current  of  chlorine 
gas  is  conducted,  by 
means  of  the  bent 
tube  e^in  the  figure* 
The  chlorine  and 
sulphur  unite  to 
form  a  volatile  red« 
dish  yeQow  liquid,  which  distils  over,  and  condenses  in  the 
receiver y,  which  must  be  kept  very  cool ;  any  uncondensed 
gas  is  conducted  away  by  the  tube  L  The  chloride  of 
sulphur,  thus  obtained,  has  always  an  excess  of  sulphur 
dissolved  in  it,  from  which  it  may  be  freed  by  a  second 
distillation.  Its  specific  gravity  is  1  *687.  >Vben  exposed 
to  the  air,  it  gives  off  very  acrid  fumes;  it  boils  at  280<>; 
the  specific  gravity  of  its  vapour  is  4<686.  It  consists 
of  one  equivalent  of  chlorine  united  to  two  of  sulphur, 
S2CI,  and  in  contact  with  water,  muriatic  acid,  sulphur,  and 
hyposulphurous  acid  are  formed  by  mutual  decomposition. 

It  is  probable  that  there  is  another  chloride  of  sulphur 
consisting  of  one  equivalent  of  each.    S.CL 

Chlorides  of  Phosphorus. — Chlorine  unites  with  phos- 
phorus in  two  proportions,  forming  a  liquid  proto-chloride, 
P.Cla,  and  a  solid  perchloride,  P.CI5.  These  may  be  pre- 
pared in  a  simple  apparatus  like  that  used  for  chloride  of 
sulphur  ;  but  as  a  more  complex  arrangement  is  necessary 


for  examining  the  action  of  chlorine  upon  many  substances 
that  shall  be  described  hereafter,  I  will  introduce  the  descrip- 
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tioD  of  it  here*  The  chlorine  is  generated  by  liquid  muriatic 
acid  and  peroxide  of  manganese,  in  the  flask  a,  supported  on 
a  sand  bath  over  the  lamp ;  from  it  a  bent  tube  passes  to 
the  receiver^  b,  in  which  a  quantity  of  watery  vapour  is  con- 
densed, and  serves  to  absorb  any  muriatic  acid  gas  that 
might  escape  decomposition.  The  pure  chlorine  passes  then 
.  through  the  tube  c,  which  is  filled  with  fragments  of  fused 
chloride  of  calcium,  which,  from  its  great  affinity  for  water, 
dries  the  gas  completely.  In  the  bulb  e  is  contained  the 
substance  to  be  acted  on  by  the  chlorine,  and  the  product  of 
the  reaction,  if  volatile,  distils  over  into  the  receiirer  i,  in 
which  it  condenses ;  the  excess  of  chlorine  escapes  by  the 
tube  {,  and  a  stream  of  water  from  the  reservoir,  t ,  A,  retains 
the  receiver  k  at  the  temperature  proper  for  condensation. 

The  phosphorus  being  placed  in  the  bulb  e,  takes  fire  .on 
the  arrival  of  the  chlorine  gas,  and  continues  burning  until 
it  is  all  converted  into  the  liquid  chloride  which  collects  in  k. 
Whilst  there  is  an  excess  of  phosphorus,  the  proto-chloride 
is  principally  formed  ;  but  after  all  the  phosphorus  has  been 
consumed,  if  the  current  of  chlorine  be  continued,  it  is  ab- 
sorbed by  the  liquid  in  k,  which  changes  into  the  solid  per- 
chloride. 

The  Protochloride  of  Phosphorus  is  obtained  pure  by 
stopping  the  process  before  all  the  phosphorus  has  been 
consumed,  and  rectifying  the  colourless  liquid  by  distilling  it 
in  a  retort  containing  some  bits  of  phosphorus,  which  bring 
back  any  perchloride  it  might  contain  dissolved,  to  the  state 
of  proto-chloride.  This  body  is  heavier  than  water,  by 
which  it  is  completely  decomposed,  P.CI3  and  S.H.O  giving 
P.Osand  3JHC1.  It  is  thus  that  the  liquid  phosphorous 
acid  is  obtained,  as  described  in  p.  484. 

The  Perchloride  of  Phosphorus  is  a  white  solid,  volatile 
under  212^,  and  condensing  in  a  crystalline  form.  In  con- 
tact with  water  it  is  decomposed  with  the  evolution  of  great 
heat,  producing  phosphoric  acid  and  muriatic  acid,  P.CI5 
and  5.H.O  giving  P.Osand  5.  HO;  the  sp.gr.  of  its  vapour 
is  4788,  consisting  of  ten  volumes  of  chlorine  and  one  of 
vapour  of  phosphorus,  the  eleven  being  condensed  to  six. 
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'    There  is  a  Chloride  of  Selenium  analogous  in  general 
properties  to  the  chloride  of  sulphur. 

Iodine. 
Iodine  is  found,  principally^  in  sea  water,  associated  with 
chlorine,  combined  with  sodium  and  magnesium.  It  has  been 
also  discovered  in  the  mineral  kingdom,  united  with  silver. 
For  the  purposes  of  commerce  it  is  always  extracted  from 
kelp,  which  is  a  semifused  mass  of  saline  ashes  remaining 
after  the  burning  of  various  species  of  fuci  (sea  weed). 

For  thb  purpose,  the  powdered  kelp  is  lixiviated  in  water, 
to  which  it  yields  about  half  its  weight  of  salts.  The  solu* 
tion  is  evaporated  down  in  an  open  pan,  and  when  concen- 
trated to  a  certain  ])oint,  begins  to  deposit  its  soda-salts, 
namely,  common  salt,  carbonate  and  sulphate  of  soda,  which 
are  removed  from  the  boiling  liquor  by  means  of  a  shovel 
pierced  with  holes  like  a  colander.  The  liquid  is  afterwards 
run  into  a  shallow  pan  to  cool,  in  which  it  deposits  a  crop  of 
crystals  of  chloride  of  potassium ;  the  same  operations  are 
repeated  on  the  mother-ley  of  these  crystals  until  it  is  ex- 
hausted. A  dense,  dark-coloured  liquid  remains,  which  con- 
tains the  iodine,  in  the  form,  it  is  believed,  of  iodide  of  sodium, 
but  mixed  with  a  large  quantity  of  other  salts,  and  this  is 
called  the  iodine  ley. 

To  this  ley,  sulphuric  acid  is  gradually  added  in  such 
quantity  as  to  leave  the  liquid  very  sour,  which  causes  an  evo* 

lution  of  carbonic 
acid,  sulphuretted 
hydrogen,  and  sul- 
phurous acid  gases, 
with  a  considerable 
deposition  of  suU 
phur.  After  stand- 
ing for  a  day  or  two, 
the  ley  so  prepared 
is  heated  with  per- 
oxide of  manganese, 
to  separate  the  io- 
dine. Tliis  operation 


UPON  THE  GREAT  SCALE.  509 

18  conducted  in  a  leaden  retort,  a,  (see  figure,)  of  a  cylindrical 
form,  supported  in  a  sand-bath,  which  is  heated  by  a  small 
fire  below.  The  retort  has  a  large  opening,  to  which  a  capi- 
tal, b,  c,  resembling  the  head  of  an  alembic,  is  adapted,  and 
luted  with  pipeclay.  In  the  capital  itself  there  are  two 
openings,  a  larger  and  a  smaller,  at  b  and  c,  closed  by  leaden 
stoppers.  A  series  of  bottles  d,  having  each  two  openings, 
connected  together,  as  represented  in  the  figure,  and  with 
their  joinings  luted,  are  used  as  condensers.  The  prepared 
ley  being  heated  to  about  140^  in  the  retort,  the  manganese 
is  then  introduced,  and  b  c  luted  to  a.  Iodine  immediately 
begins  to  come  off,  and  proceeds  on  to  the  condensers,  in 
which  it  is  collected;  the  progress  of  its  evolution  is  watched 
by  occasionally  removing  the  stopper  at  e  ;  and  additions  of 
sulphuric  acid,  or  manganese,  are  made  by  6,  if  deemed  ne- 
cessary. This  description  of  the  manufacture  of  iodine  upon 
the  large  scale  at  Glasgow  is  due  to  Professor  Graham. 

In  this  operation,  the  peroxide  of  manganese  will  be  in 
contact  at  once  with  hydriodic,  hydrochloric,  and  sulphuric 
acids ;  but  for  success,  the  quantity  of  sulphuric  acid  must 
be  sufficient  only  to  decompose  the  iodides  but  not  the  chlo- 
rides. If  both  were  decomposed,  the  chlorine  and  iodine 
simultaneously  evolved  should  unite  to  form  chloride  of 
iodine,  by  which  the  iodine  would  be  lost ;  but  as  the  chlo- 
rine remains  combined,  the  action  becomes  simply,  that 
the  metal  of  the  iodide  present  is  oxidized  by  the  oxide  of 
manganese,  and  the  iodine  set  free;  thus,  with  iodide  of 
sodium,  SO3  4-  MnOa  and  Nal  give  Mn.O.SOa.NaO  and  I. 

Another  mode  of  preparing  iodine  consists  in  adding  to 
the  solution  containing  iodide  of  sodium,  a  solution  of  sul- 
phate of  copper,  in  which  the  copper  is  reduced  to  the  state 
of  sub-oxide  (CU2O)  by  means  of  protosulphate  of  iron  dis- 
solved along  with  it.  By  the  interchange  of  elements,  sul- 
phate of  soda  is  formed,  and  a  sub-iodide  of  copper  of  a 
yerj  pale  yellow  colour,  and  quite  insoluble  in  water,  is  pro- 
duced, SO3+  CuaO  and  Nal  giving  SO3  4-NaO  and  CuaL 
This  last  is  then  decomposed  by  peroxide  of  manganese  and 
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sulphuric  acid  9  as  in  the  former  process :  in  this  way  the 
various  crystallizations  described  above  may  be  avoided. 

Iodine  exists  generally  in  crystalline  scales  of  a  bluish  black 
colour  and  metallic  lustre.  It  may  also  be  obtained  from 
solution,  in  the  form  of  oblique  octohedrons  with  a  rhom- 
boidal  base,  as  in  the  figure,  or  in  prisms.  The  density  of 
iodine  is  4*948  ;  it  fuses  at  225"",  and  boils  at  347'' ; 
but  it  evaporates  at  the  usual  temperature,  and 
more  rapidly  when  damp  than  when  dry,  diffusing 
.an  odour  having  considerable  resemblance  tochlo- 
^rine,  but  easily  distinguished  from  it.  Iodine 
stains  the  skin  of  a  yellow  colour,  which,  however, 
disappears  in  a  few  hours.  Its  vapour  is  of  a 
splended  violet  colour,  which  is  seen  to  great  ad- 
vantage when  a  scruple  or  two  of  iodine  is  thrown  at  once 
upon  a  hot  brick.  Hence  its  name,  from  loccSiic^  violet- 
coloured.  The  vapour  of  iodine  is  the  heaviest  of  gaseous 
bodies,  its  density  being  8707*7,  according  to  calculation 
from  its  atomic  weight. 

Pure  water  dissolves  about  1 -7000th  of  its  weight  of 
iodine,  and  acquires  a  brown  colour.  In  general,  iodine  com- 
ports itself  like  chlorine,  but  its  affinities  are  much  less 
powerful.  Iodine  is  soluble  in  alcohol  and  ether,  with  which 
it  forms  dark  reddish  brown  liquors ;  solutions  of  iodides,  too, 
all  dissolve  much  iodine. 

A  solution  of  starch  forms  an  insoluble  compound  with 
iodine,  of  a  deep  blue  colour,  the  production  of  which  is  an 
exceedingly  delicate  test  of  iodine.  If  the  iodine  be  free, 
starch  produces  at  once  the  blue  precipitate,  but  if  it  be  in 
combination  as  a  soluble  iodide,  no  change  takes  place,  till 
chlorine  is  added  to  liberate  the  iodine.  If  more  chlorine,  how- 
ever, be  added  than  is  necessary  for  that  purpose,  the  iodine 
is  withdrawn  from  the  starch,  chloride  of  iodine  formed,  and 
the  blue  compound  destroyed.  The  iodide  of  starch,  in 
water,  becomes  colourless  when  heated,  but  recovers  its  blue 
colour  if  immediately  cooled.  The  soluble  iodides  give,  with 
nitrate  of  silver,  an  insoluble  iodide  of  silver,  of  a  pale  yellow 
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colour,  insoluble  in  amraonia;  with  salts  of  lead,  an  iodide 
of  a  rich  yellow  colour,  and  with  corrosive  sublimate,  a  fine 
scarlet  iodide  of  mercury. 

Iodine  combines  with  most  of  the  non-metallic  bodies, 
aud  with  all  the  metals,  forming  compounds  which  possess 
the  closest  similarity  to  the  analogous  compounds  of  chlo* 
rine.  It  is  employed  in  the  laboratory  for  many  chemical 
preparations,  and  as  a  test  of  starch,  and  for  several  metals. 

Compounds  of  Iodine  and  Oxygen* 

Iodine  appears  to  combine  with  oxygen  in  three  propor- 
tions, forming  the  iodous  acid,  the  iodic  acid,  and  the  periodic 
acid.  Of  the  constitution  of  the  first  there  is  nothing  posi- 
tively knovm ;  it  has  not  been  isolated,  and  the  substances 
that  have  been  supposed  to  contain  it  may  also  be  considered 
as  compounds  of  an  iodide  with  an  iodate.  The  description 
of  these  compounds  will  be  found  in  the  chapter  on  the 
salts^  and  I  shall,  therefore,  at  present,  only  notice  the  other 
two  acids. 

Iodic  Acid. — ^This  acid  may  be  very  easily  prepared  by 
boiling  iodine  in  fuming  nitric  acid,  until  it  is  all  dissolved, 
and  then  distilling  off  the  excess  of  acid ;  the  iodic  acid  re- 
mains as  a  white  crystalline  mass,  which  deliquesces  in  the 
air.  If  the  quantity  of  iodine  be  large,  this  process  would 
occupy  a  very  long  time ;  and  a  much  shorter,  though  more 
complex  method  is  the  following  : — The  iodine  being  dif- 
fiised  through  water,  a  current  of  chlorine  is  passed  through 
it  until  all  iodine  is  dissolved ;  the  acid  liquor  so  obtained  is 
to  be  neutralized  by  carbonate  of  soda,  by  which  a  quantity 
of  iodine  is  precipitated ;  the  chlorine  is  then  passed  through 
until  this  iodine  disappears,  and  then  more  carbonate  of  soda 
added ;  and  this  alternation  continued  until  the  addition  of 
the  carbonate  of  soda  produces  no  deposit  of  iodine ;  the 
solution  contains  then  iodate  of  soda  and  chloride  of  sodium, 
generated  by  the  decomposition  of  the  soda  by  the  chloride 
of  iodine  first  formed.  Thus,  5C1  and  I  produce  ICI5,  which, 
with  6NaO  give  5.NaCl  and  NaO  +  10*.     This  solution 
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is  then  mixed  with  a  solution  of  a  salt  of  barytes  and 
iodate  of  barytes  precipitates,  which  may  be  decomposed  by 
boiling  it  for  some  time  with  one-foarth  of  its  weight  of  oil 
of  vitriol  and  1^  times  its  weight  of  water ;  the  sulphate  of 
barytes  may  be  then  separated  by  the  filter,  and  the  solution 
of  iodic  acid  evaporated  gently  to  dryness. 

Iodic  acid  is  very  soluble  in  water;  from  a  strong  solution 
it  crystallizes  in  rhombic  plates  and  octohedrons.  When 
heated  strongly  it  separates  into  iodine  and  oxygen.  It  first 
reddens,  and  then  bleaches  litmus  paper.  It  acts  as  power- 
fully as  nitric  acid  in  oxidizing  the  metals.  When  mixed  with 
solution  of  sulphurous  acid,  water  and  sulphuric  acid  are 
formed,  and  iodine  is  set  free ;  with  sulphuretted  hydrogen 
it  gives  water  and  iodide  of  sulphur.  By  an  excess  of  these 
agents  the  iodine  is  finally  converted  into  iodide  of  hydro- 
gen. By  thejBC  means  the  iodic  acid  may  be  recognized,  and 
also  by  its  peculiar  action  upon  morphia,  which  it  decom- 
poses, iodine  being'set  free.  This  is  more  valuable  as  a  cha- 
racter of  morphia  than  of  iodic  acid. 

The  salts  of  iodic  acid  resemble  the  chlorates  in  most 
respects,  and,  like  them,  when  heated,  separate  into  oxygen 
and  a  metallic  iodide.  One  mode  of  preparing  the  iodide  of 
potassium  of  commerce  is  founded  on  this  property.  Iodine 
is  dissolved  in  a  solution  of  potash,  and,  when  dried  down, 
gives  a  mixture  of  5.KI  and  IO5.KO.  When  this  mass  is 
fused,  oxygen  is  given  ofi^  in  abundance,  and  ultimately  pure 
KI  remains.  The  commercial  salt  prepared  in  this  way  has 
been  shewn  by  Mr.  Scanlan  frequently  to  contain  iodate  of 
potash,  either  fradulently  or  accidentally,  left  undecom- 
posed. 

The  composition  and  equivalent  numbers  of  the  iodic  acid 
are  as  follows,  its  formula  being  IO5 : 

Iodine,     =  75*96    One  equivalent,    =  1579-5  or  126-6 
Oxygen,  =  24*04    Five  equivalents,  =    500-0  or    40-0 


10000  2079-5      166-6 
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Its  elements  are  united  in  the  proportion,  by  volume,  of 
two  volumes  of  vapour  of  iodine  to  five  volumes  of  oxygen. 

Periodic  Add,  IO7. — If  a  solution  of  iodate  of  soda  be 
mixed  with  a  great  excess  of  caustic  soda,  and  acted  upon  by 
a  current  of  chlorine,  a  quantity  of  the  soda  is  decomposed ; 
its  sodium  combining  with  the  chlorine,  whilst  its  oxygen, 
being  added  to  the  iodic  acid,  converts  it  into  the  periodic 
acid,  which  combines  with  two  equivalents  of  soda.  Thus, 
2C1  acting  on  3NaO  and  IO5  +  NaO,  produce  2NaCl  and 
IO7  +  2NaO.  On  adding  to  the  solution  of  this  salt  nitrate 
of  silver,  a  basic  periodate  of  silver  is  produced,  which  being 
dissolved  in  nitric  acid,  gives  yellow  crystals  of  neutral  per- 
iodate of  silver.  When  put  in  contact  with  water  these  crys- 
tals are  decomposed,  half  of  the  periodic  acid  precipitating 
with  the  whole  df  the  oxide  of  silver  as  the  insoluble  salt, 
IO7  4-  2AgO,  whilst  the  other  half  of  the  acid  remains  in 
solution  quite  pure,  and  by  evaporation  may  be  obtained  as 
a  white  crystallized  mass. 

This  acid  is  more  stable  than  the  iodic  acid ;  it  resists  a 
higher  temperature  without  decomposition.  AU  its  impor- 
tant characters  may  be  inferred  from  the  method  of  prepa- 
ration. 

Its  composition  and  equivalent  numbers  are> 

Iodine,    69-31     One  equivalent,  .     =  1579-5  or  186*6 
Oxygen,  30^    Seven  equivalents,    =    70O0  or    56*0 

KXHK)  2279-5      182-6 

Compound  of  Iodine  and  Hydrogen^    Hydriodic  Add. 

There  is  but  one  compound  of  iodine  with  hydrogens 
this  exists  under  ordinary  temperatures  and  pressure  as  a 
colourless  gas,  which  may  be  best  generated  in  the  following 
manner: — Some  iodine  and  small  fragments  of  phosphorus 
are  to  be  put  together  at  the  bottom  of  a  glass  tube,  then 
covered  with  pounded  glass,  and  gently  heated,  so  as  to 
produce  combination.  Iodide  of  phosphorus  is  thus  formed. 
If  a  little  water  be  now  poured  on  the  pounded  glass,  it  fil- 
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ters  through  to  the  hottom,  and  there,  acting  violently  on  the 
iodide  of  phosphorus,  is  decomposed;  from  P.I  and  H.O 
there  are  produced  P •  O  and  H.I.  To  the  mouth  of  the  tube 
may  be  adapted,  by  a  cork,  a  smaller 
tube,  bent  as  in  the  figure,  and  the  hy- 
driodic  acid  gas  issuing  from  it  may  be 
collected.  This  gas  is  obtained  by  the 
method  of  displacement,  as  has  been 
described  for  chlorine  (p.  493) ;  and  as 
it  fumes  like  muriatic  acid  in  contact 
with  the  air,  it  can  easily  be  recognized 
when  the  bottle  is  full. 
The  specific  gravity  of  this  gas  is  4385,  produced  by 

One  volume  of  vapour  of  iodine,     .    .     =  8701 '0 
One  volume  of  hydrogen,       .     .    .     .     =      68*8 

united  without  condensation, 8769*8 


and  one  volume  weighing,  therefore,      .     •    •    4384*9 

To  obtain  hydriodic  acid  dissolved  in  water,  the  simplest 
process  is  to  act  on  iodine,  diflTused  through  water,  by  sul- 
phuretted hydrogen  gas.  The  iodine  combines  with  the 
hydrogen,  and  the  sulphur  is  set  free.  When  the  iodine  has 
all  disappeared,  the  liquor  should  be  well  boiled  to  drive  off 
the  excess  of  sulphuretted  hydrogen,  and  then  filtered ;  the 
liquid  hydriodic  acid  may  be  evaporated  to  a  sp.  gr.  of  1*700: 
it  is  then  in  its  strongest  form,  and  may  be  distilled  unaltered. 
Liquid  hydriodic  acid  reddens  litmus  paper  strongly ;  it  dis- 
solves iodine  in  large  quantity ;  it  is  decomposed  by  all  the 
oxidable  metals,  and  even  by  mercury ;  and  hence,  the  ga** 
seous  acid  cannot  be  collected  over  mercury.  Exposed  to 
the  air,  it  rapidly  absorbs  oxygen,  water  being  formed,  and 
iodine  being  set  free.  It  is  decomposed  by  sulphuric  acid, 
sulphurous  acid  and  iodine  being  produced,  also  by  nitric 
acid  and  by  chlorine. 

Hydriodic  acid  may  also  be  obtained  by  acting  on  iodide 
of  barium  with  dilute  sulphuric  acid. 
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Its  composition  and  equivalent  numbers  areas  follows: 

Iodine,        =  99-22  One  equivalent  =  1579-3  or  126-6 
Hydrogen,  =    0-78  One  equivalent  =      12*5  or      TO 

100-00  1592-0      127-6 

A  solution  of  hydriodic  acid,  or  of  a  metal,  produces  with 
nitrate  of  silver,  a  curdy  pale  yellow  precipitate,  which  is  in- 
soluble in  acids  and  in  water  of  ammonia ;  by  this  character, 
the  iodides  are  distinguished  from  the  chlorides,  even  without 
the  action  of  starch  upon  the  iodine  when  set  free. 

Iodine  and  sulphur  may  be  melted  together  in  equivalent 
proportions,  and  on  cooling  form  a  steel-gray  crystalline 
mass,  iodide  of  sulphur  ;  which  is  decomposed  gradually  by 
exposure  to  the  air,  and  appears  to  be  rather  a  mixture, 
than  a  true  compound  of  its  elements. 

When  iodine  and  phosphorus  are  warmed  together  very 
gently,  they  combine,  evolving  considerable  heat,  and  form- 
ing iodides  of  phosphorus,  the  constitution  of  which  de- 
pends on  the  proportions  used ;  there  appears  to  be  at  least 
three :  the  first  fuses  at  212°,  is  orange-coloured,  and  gives, 
when  decomposed  by  water,  hydriodic  and  hypophosphorous 
acids,  its  composition  is,  therefore,  P.I;  the  second  is 
grey,  it  fuses  at  84°,  and  gives  with  water,  hydriodic  and 
phosphorous  acids;  its  formula  is  hence,  P. la.  The  third, 
which  produces,  when  decomposed  by  water,  hydriodic  acid 
and  phosphoric  acid,  consists  oCPAs,  is  blacky  and  melts 
at  114°. 

Hydriodic  acid  combines  with  phosphuretted  hydrogen, 
forming  a  white  solid  compound,  the  constitution  of  which 
is  of  considerable  interest.  It  cannot  be  prepared  directly,  as 
the  gases  are  without  action  on  each  other,  except  whenin  their 
nascent  form.  It  is  best  prepared  by  introducing  eight  parts 
of  iodine,  two  of  phosphorus,  and  one  of  water,  into  a  retort, 
mixed  with  some  coarsely  powdered  glass ;  to  the  neck  of 
the  retort  is  adapted  a  wide  glass  tube  with  a  cork,  through 
which  a  small  tube  passes  and  dips  into  some  water.  On 
applying  heat,  the  phosphorus  and  iodine  unite,  and  the 
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iodi(le  of  phosphorus,  beiag  instantly  decomposed  by  the 
water^  bydriodic  acid  and  hypophosphorous  acid  are  pro- 
duced, which  last  is  resolved  by  contact  with  the  water  at 
that  temperature  into  phosphorous  acid  and  phosphuretted 
hydrogen.  This  last  immediately  unites  with  the  bydriodic 
acid,  and  the  compound  formed  condenses  in  the  neck  of  the 
retort  in  well  shaped  crystals,  which,  by  a  proper  management 
of  the  beat,  may  be  driven  into  the  wide  glass  tube  to  be 
preserved.  The  excess  of  bydriodic  acid  gas  is  conducted 
off  by  the  small  tube  and  condensed  in  the  water. 

This  body  was  supposed  to  crystallize  in  cubes,  and  to  be 
isomorphous  with  hydriodate  of  ammonia,  to  which  this  for*, 
mula  in  one  way  might  assimilate  it,  HI  +  PH3  corres- 
ponding to  HI  4-  NH3 ;  the  difference  being  only,  that  phos- 
phorus replaced  nitrogen.  It  will,  however,  be  shewn  fully 
in  the  division  on  organic  chemistry,  that  ammonia  is  not 
mere  nitruret  of  hydrogen  NH3,  but  that  it  contains  amido- 
gene  (NH2)  being  amidide  of  hydrogen^  Ad.H.  It  has  been 
also  shewn,  that  the  crystals  of  the  body  HI  +  PH3  are  not 
cubes  but  belongs  to  a  rhombic  system.  When  I  come  to 
describe  the  compounds  of  mercury,  I  will  shew  that  there 
exist  similar  bodies  containing  phospburet  of  mercury  and 
nitruret  of  mercury, 'and  that  the  constitution  of  phospburet* 
ted  hydrogen,  may,  with  great  reason,  be  supposed  to  be,  not 
PH3,  but  that  a  quantity  of  phosphorus  equal  to  one-third  of 
its  ordinary  atomic  weight  unites  with  an  equivalent  of  hy- 
drogen, its  formula  being  j^H.  and  the  commonly  received 
equivalent  of  phosphuretted  hydrogen  being  in  reality  three 
equivalents  =:S.^.H.  I  therefore  consider  the  compound, 
which  I  have  Just  described,  as  having  for  its  true  constitution, 
H .  1 4-  3  .J.  H  as  there  will  be  hereafter  described,  the  bodies 
HgCl+3.f  .HgandSHgCl  +  S.f  .Hg:  th^  equivalent  of  m* 

trogen  being  capable  of  the  same  subdivision  by  three. 

This  hydriodate  of  phosphuretted  hydrogen  is  decom- 
posed by  water,  hydriodic  acid  and  phosphuretted  hydrogen 
l>eing  given  off;  the  last  in  the  B  variety.    But  if  a  little 
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oxide  of  silver  be  sprinkled  on  the  salt^  the  gas  is  evolred  in 
its  spontaneously  inflammable  condition.  It  burns  when 
heated  in  air,  but  in  a  dry  tube  containing  no  oxygen,  it  may 
be  sublimed  from  place  to  place  unaltered* 

Chlorides  of  Iodine* — ^I  have  shewn,  that  chlorine  and 
iodine  unite  in  three  proportions  forming  bodies  having  the 
formulae  I  +  Q ;  I  +  3C1  and  I  +  5CL  By  much  water  the 
first  and  second  are  decomposed,  producing  muriatic  and 
iodic  acids,  and  iodine  becoming  free.  The  third,  which 
was  long  ago  discovered  by  Humphrey  Davy,  gives  muriatic 
and  iodic  acids  without  separation  of  iodine.  These  bodie* 
are  interesting  only  as  being  employed  to  obtain  the  iodic 
and  periodic  acids,  as  already  noticed. 

Of  Bromine. 

This  substance,  which  is  intermediate  in  ahnost  all  che- 
mical properties  to  chlorine  and  iodine,  exists  associated 
with  those  bodies  in  sea  water,  in  many  varieties  of  sea 
weeds,  and  in  some  of  the  brine  springs  belonging  to  the 
deposits  of  rock  salt  in  the  earth.  In  these  cases  it  is  ge« 
neraUy  combined  with  sodium  or  with  magnesium,  forming 
very  soluble  salts  which  remain  behind  when  the  common 
salt  crystallizes  out  by  evaporation  from  sea  water.  When 
a  current  of  chlorine  gas  is  passed  through  the  mother  liquor 
BO  obtained,  which  is  called  biiiem,  the  bromine  is  set  free 
and  tinges  the  solution  yellow.  On  agitating  this  liquor  with 
some  ether,  the  bromine  is  completely  taken  up  by  it,  and  an 
etherial  solution  of  bromine  of  a  fine  hyacinth  red  colour  is 
produced ;  when  this  is  acted  on  by  potash,  there  is  formed 
a  mixture  of  bromide  of  potassium  and  bromate  of  potash, 
which  by  fusion  gives  off  oxygen,  and  pure  bromide  of  po- 
tassium remains ;  this  is  mixed  with  peroxide  of  manganese 
and  sulphuric  acid,  and  precisely  as  in  the  preparation  of 
chlorine  or  of  iodine,  the  bromine  is  set  free  and  may  be  dis- 
tilled over.  It  is  necessary  to  condense  the  bromine  with 
great  care,  and  to  receive  it  in  water,  to  the  bottom  of  which 

2  M 
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it  Bioks ;  the  reaction  that  occurs  is,  that  SSO3,  MnO^  and 
K .  Br  produce  (SO3  •  MnO  +  KO .  SO3)  and  Br. 

Bromine  is  a  liquid  at  ordinary  temperatures,  but  at  4° 
it  solidifies;  it  is  deep  red  by  transmitted,  but  black  by 
reflected  light;  it  is  much  heavier  than  water,  its  specific 
gravity  being  S*97 ;  its  odour  is  like  that  of  chlorine,  but 
much  more  disagreeable,  whence  its  name  (from  Bpwfiog.)  It  is 
very  volatile,  boiling  at  116^;  but  even  at  common  tempera- 
tures it  forms  copious  fumes  which  have  the  same  orange 
red  colour  as  those  of  nitrous  acid ;  the  specific  gravity  of  its 
vapour  is  5*393 ;  it  does  not  conduct  electricity;  it  must  be 
preserved  under  water,  as  otherwise  the  quantity  of  vapour 
it  would  form  might  burst  the  vessel  containing  it.  It  dis- 
solves sparingly  in  water,  but  copiously  in  alcohol  and  ether, 
A  taper  is  extinguished  by  its  vapour,  but  not  immediately, 
burning  for  a  moment  with  a  green  flame  and  much  smoke. 
Some  of  the  metals  in  fine  powder  or  leaf  bum  spontaneously 
in  its  vapour,  as  in  chlorine;  a  drop  of  liquid  bromine  put  in 
contact  with  a  globule  of  potassium  unites  with  it  explo- 
sively and  with  brilliant  ignition.  It  bleaches  vegetable 
colours,  but  leaves  itself  a  yellowish  strain,  less  intense  than 
that  of  iodine ;  it  is  poisonous. 

Bromine  unites  with  water,  forming  a  crystalline  hydrate 
like  that  of  chlorine. 

With  starch,  bromine  produces  a  fine  yellow  colour, 
which  is  not  intense,  if  the  solution  be  very  much  diluted. 

Bromine  is  easily  recognized  by  the  peculiar  colour  and 
odour  of  its  vapour,  which  can  only  be  confounded  with  that 
of  nitrous  and  hyponitrous  acid,  fi-om  which  its  other  charac- 
ters completely  separate  it.  A  solution  containing  bromine 
or  a  metallic  bromide,  gives,  with  nitrate  of  silver,  a  white, 
curdy  precipitate,  insoluble  in  nitric  acid,  but  dissolved  by 
ammonia.  This  precipitate  is  distinguished  from  the  chlo- 
ride of  silver,  by  giving  vapours  of  bromine  when  heated 
with  a  little  chlorine  water. 

The  equivalent  numbers  of  bromine  are  978*2,  on  the 
oxygen  scale,  and  78*4,  hydrogen  being  unity. 
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Sromic  Acid. — There  is  known  only  one  compound  of 
bromine  and  oxygen,  the  bromic  acid,  the  history  of  which 
is  still  very  imperfect.  When  bromine  is  dissolved  in  a  so- 
lution of  potash,  bromide  of  potassium  and  bromate  of  potash 
are  formed,  6Br  and  6 .EO  giving  5.KBr  and  BrOs  +  KO. 
On  adding  a  solution  of  a  salt  of  bary tes  to  the  liquor  so 
obtained,  bromate  of  barytes  is  precipitated,  and  this  may 
be  decomposed  by  sulphuric  acid,  which  forms  sulphate  of 
barytes,  leaving  the  bromic  acid  in  solution. 

The  bromic  acid  has  not  been  obtained  solid ;  it  is  still 
more  easily  decomposed  by  deoxidizing  agents  than  the  chlo- 
ric acid;  thus  the  sulphurous  acid  and  the  phosphorous  acid 
liberate  bromine.  The  same  effect  is  produced  by  sulphu- 
retted hydrogen.  Tts  salts  have  not  been  much  examined, 
but  appear  to  resemble  the  chlorates  and  iodates. 

Its  formula  is  BrOs,  its  composition  by  weight,  and  equi- 
valent numbers  being 

Bromine,    6618  One  equivalent    =  978-S  or  78.40 
Oxygen,     SS-82  Five  equivalents  =  oOO*0  or  40-00 

100-00  1478-2     118'40 

These  elements  are  united  by  volume  in  the  ratio  of  two 
volumes  of  bromine-vapour  to  five  volumes  of  oxygen. 

Hydrobromic  Add. — ^The  processes  for  obtaining  the 
bromide  of  hydrogen  are  precisely  the  same  as  those  de- 
scribed for  preparing  hydriodic  acid  in  the  liquid  or  in  the 
gaseous  form,  to  which  I  shall  therefore  refer  (p.  514):  bro- 
mine being  substituted  for  iodine  in  every  case.  This  gas  is 
colourless ;  it  is  rapidly  absorbed  by  water,  the  solution  re- 
acting acid ;  it  is  not  decomposed  by  oxygen,  nor  does  bro- 
mine decompose  water,  so  that  it  stands  between  iodine  and 
chlorine  in  that  respect.  It  resembles  muriatic  acid  in 
almost  all  its  reactions,  but  is  at  once  distinguished  from  it, 
by  evolving  bromine  on  contact  with  chlorine  or  nitric  acid. 
If  bromide  of  potassium  be  acted  on  by  oil  of  vitriol,  the  re- 
salt  is  partly  as  occurs  with  a  chloride,  water  being  decom- 
posed and  hydrobromic  acid  evolved,  and  partly  as  occurs 
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with  an  iodide,  bromine  and  BuIpbarouB  acid  being  eyolved 
together;  hence  hydrobromic  acid  cannot  be  prepared  pure 
in  that  way. 

The  sp.  gr.  of  hydrobromic  acid  gas  is  27S1,  being  pro- 
duced  by 

One  volume  of  bromine  vapour,    .    .    5393*0 
One  volume  of  hydrogen,    ....        68*8 

united  without  condensation,  ....    5461*8 


and  hence  one  volume  weighs,     •    .    .    27S0'9 

The  Bromide  of  Sulphur  is  a  heavy,  reddbh  liquid,  like 
chloride  of  sulphur,  probably  SsBr. 

There  are  two  Bromides  of  Phosphorus^  one  liquid,  P  •  Bra, 
and  the  other  solid,  P.Brs,  which  present  complete  analogy 
with  the  chlorides  of  phosphorus.  None  of  these  bodies 
present  particular  interest. 

The  bromide  of  hydrogen  unites  with  phosphuretted  hy- 
drogen, forming  a  compound  similar  to  that  already  noticed , 
containing  hydriodic  acid.  It  is  sufficient  to  'mix  the  two 
gases  together  over  mercury;  a  dense  white  cloud  forms, 
which  condenses  on  the  sides  of  the  glass  in  small  crystals, 
which  appear  to  be  cubes,  but  are  not  so  really.  This  sub- 
stance can  also  be  formed  in  the  indirect  manner  described 
for  the  iodine  compound.  It  consists  of  an  equivalent  of 
each  element,  its  formula  being  HBr  +  PH3,  or  as  I  prefer 
to  write  it  for  the  reasons  already  stated,  HBr  +  3.  j.  H. 

This  body  is  volatile,  and  may  be  sublimed,  provided 
neither  oxygen  nor  water  be  present ;  heated  in  oxygen  it 
takes  fire,  and  with  water  it  is  instantly  decomposed. 

The  Chloride  of  Bromine  and  the  Bromides  of  Iodine 
resemble  in  general  characters  the  compounds  of  chlorine 
and  iodine.  The  first,  when  decomposed  by  water,  produces 
hydrochloric  and  bromic  acids ;  the  latter,  on  the  contrary, 
gives  hydrobromic  and  iodic  acids.  These  bodies  are  not 
otherwise  of  interest. 
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Of  Fluorine. 
Although  the  existence  of  this  body  is  rendered  exceed- 
ingly probable  by  analogical  reasoning,  and  that  recent  ex- 
periments have  gone  very  far  in  establishing  its  distinctive 
characters,  yet  it  cannot  be  prepared  in  an  isolated  form,  or 
exhibited  like  all  of  the  simple  bodies  as  yet  described ;  for 
such  is  the  intensity  and  variety  of  its  affinities,  that  no 
sooner  is  it  liberated  from  combination  with  one  substance 
than  it  enters  into  union  with  some  other,  attacking  the 
materials  of  which  the  apparatus  used  may  be  constructed. 
The  most  successful  experiments  made  for  examining  it  in 
its  isolated  form  are  due  to  two  talented  Irish  chemists,  the 
Messrs.  Knox. 

The  only  substances  on  which  fluorine  is  incapable  of 

acting,  b^ing  such  as  already  are  fully  saturated  with  it, 

Messrs.  Knox  had  constructed  vessels  offluor  spar,  (fluoride 

of  calcium,)  which  were  fiOed  with  pure  dry  chlorine  gas. 

Into  these  vessels  was  then  introduced  fluoride  of  mercury, 

and  the  whole  carefully  warmed.    The  chlorine  decomposed 

the  fluoride  of  mercury,  forming  chloride  of  mercury,  and 

the  fluorine  was  disengaged ;  Hg .  F  and  CI  giving  HgCl  and  F. 

There  was  in  this  way  obtained  a  colourless  gas  which  acted 

with  violence  on  the  fragments  of  metallic  foils,  that  by 

means  of  a  very  ingenious  arrangement  were  submitted  to 

its  action.    The  small  quantity  of  material  on  which  the 

experiments  were  conducted  did  not  allow  of  the  metallic 

compounds  so  formed  being  analyzed ;  and  the  only  doubt 

that  can  exist  of  the  isolation  of  fluorine  in  this  process,  is 

that,  according  as  it  was  liberated,  it  may  have  combined 

with  the  excess  of  chlorine  present,  and  that  the  colourless 

gas  may  have  been  chloride  of  fluorine,  and  not  the  mere 

fluorine  itself. 

The  specific  gravity  of  gaseous  fluorine,  calculated  from 
the  analogy  of  its  compounds  to  those  of  chlorine,  is  1289; 
its  equivalent  number  is  233*8,  or  18*7. 

Fluorine  does  not  combine  with  oxygen. 

The  most  important  compound  of  fluorine  that  is  known 
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is  the  Fluoride  of  Hydrogen  or  Hydrofluoric  Acid.  To  pre- 
pare it,  pure  fluor  spar,  which  consists  of  fluorine  and  cal- 
cium, is  reduced  to  powder,  and  distilled  in  a  leaden  retort 
with  twice  its  weight  of  the  strongest  oil  of  vitriol.  The 
receiver  must  also  be  of  lead,  and  be  kept  cool  by  ice.  An 
acid  liquor  distils  over,  of  an  excessively  suffocating  odour, 
and  so  intensely  corrosive,  that  a  drop  let  fall  upon  the  hand 
produces  a  sore  very  difficult  to  heal.  This  liquid  is  hydro- 
fluoric acid,  the  reaction  being,  that  HO.SO3  and  CaF  give 
CaO.  SO3  and  H.F.    Sulphate  of  lime  remains  in  the  retort. 

The  hydrofluoric  acid,  which  is  thus  obtained  in  an  an- 
hydrous form,  is  very  volatile,  boiling  at  60^.  It  is  heavier 
than  water,  and  becomes  still  more  so  when  diluted  to  a  cer- 
tain degree.  It  dissolves  the  more  oxidable  metals  rapidly 
with  the  escape  of  hydrogen  gas,  and  the  formation  of  a 
metallic  fluoride.  The  only  metals  which  it  does  not  act 
upon  are  gold,  platina,  silver,  and  lead.  There  must  be  no 
solder  about  the  leaden  vessels  in  which  the  acid  is  kept, 
as  it  is  acted  on  very  violently.  It  is  dangerous  to  have 
much  to  do  with  the  anhydrous  acid  from  its  corrosive 
power,  and  as  a  dilute  acid  answers  for  all  practical  pur- 
poses, a  quantity  of  water  is  generally  put  into  the  re- 
ceiver, into  which  the  acid  is  dbtilled. 

The  most  remarkable  property  of  hydrofluoric  acid  is  its 
action  upon  glass,  which  it  corrodes  and  dissolves.  The 
glass  contains  silica,  which  the  hydrofluoric  decomposes, 
SiOa  and  3.HF  producing 3HO  and  SiFs-  This  fluoride  of 
silicon  is  a  gas  decomposed  by  water  in  a  way  that  shall  be 
soon  described.  Patterns  or  designs  may,  therefore,  be 
etched  upon  glass  by  means  of  this  hydrofluoric  acid.  There 
are  two  modes  in  which  this  operation  may  be  conducted, 
1st,  by  the  liquid  acid;  2nd,  by  the  acid  in  vapour.  For 
the  first,  the  glass  plate  being  covered  with  an  uniform  coat- 
ing of  wax,  the  design  is  traced  on  it  with  the  point  of  a 
needle  or  graving  tool,  taking  care  that  the  surface  of  the 
glass  shall  be  laid  bare  throughout  the  whole  extent  of 
each  line ;  a  rim  of  wax  being  then  formed  round  the  edge 
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of  the  plate,  the  liquid  acid,  the  strength  of  which  must  be 
regulated  by  the  depth  of  engraving  required,  is  poured  on 
the  plate  to  the  depth  of  two  or  three  lines,  and  left  for  a 
time  dependant  on  the  judgment  of  the  operator.  When  it 
has  remained  long  enough,  the  remaining  acid  is  poured 
off  and  the  wax  cleared  away.  The  etched  portions  of  the 
glass  are  equally  transparent  with  the  others,  and  the  design 
is  therefore  indistinct,  except  in  certain  incidences  of  the 
light.  A  glass  plate  so  prepared  may  be  used  as  a  copper 
plate  to  print  from,  but  the  risk  of  breaking  is  too  great  to 
allow  of  its  introduction  into  practice. 

To  etch  by  the  second  mode,  the  plate  of  glass  is  pre- 
pared exactly  as  described  for  the  first,  except  that  there 
need  not  be  any  raised  edge.  A  flat  leaden  basin,  of  the 
size  of  the  plate,  is  used  to  hold  the  mixture  of  powdered 
fluor  spar  and  oil  of  vitriol,  and  the  glass  plate  is  laid  upon 
it,  with  the  waxed  side  down ;  the  basin  is  then  heated  so 
gently  as  not  to  melt  the  wax  or  injure  the  accuracy  of  the 
design ;  the  hydrofluoric  acid,  which  rises  in  vapour,  acts 
upon  the  surface  of  glass  exposed,  and  decomposes  the  silica, 
forming  fluoride  of  silicon ;  but  a  sufficient  quantity  of  watery 
vapour  rises  to  decompose  this  substance,  and  a  quantity  of 
silica  is  regenerated  and  deposited  upon  the  corroded  sur- 
face, giving  it  a  rough  and  white  appearance,  so  as  to  be 
easOy  visible  in  every  direction.  When  the  action  has  con- 
tinued long  enough,  the  plate  is  removed  from  the  basin, 
and  the  wax  cleared  off  by  means  of  some  spirits  of  turpen* 
tine.  Other  uses  of  the  hydrofluoric  acid,  such  as  in  mine- 
ral analysis,  will  be  described  hereafter. 

The  composition  and  equivalent  numbers  of  the  hydro- 
fluoric acid  are  as  follows : 

Fluorine,  9493    One  equivalent,  =  2338  or  18-7 
Hydrogen,  5*07    One  equivalent,  =    12*5  or    1*0 

100-00  246-3      19-7 

There  are  no  other  combinations  known  of  fluorine  with 
any  of  the  simple  bodies  as  yet  described,  except  sulphur  and 
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phosphorus :  these  are  dense  volatile  liquids;  The  Fluoride  of 
PkosphoruSf  when  decomposed  by  water,  produces  hydro- 
fluoric acid  and  phosphorous  acid;  it  is,  therefore,  P.Fj. 
When  heated  in  the  air  it  bums,  but  the  product  of  the 
combustion  has  not  been  examined. 

Of  Silicon. 

This  substance  is  one  of  the  most  extensively  distributed 
of  the  undecomposed  bodies,  constituting,  probably,  a  sixth 
of  the  total  weight  of  the  mineral  crust  of  the  globe.  It  never 
exists  free,  but  always  in  nature  combined  with  oxygen, 
forming  siUeic  acid,  or  as  it  is  termed  in  popular  language, 
the  earth  Mica.  Quarts,  in  the  state  of  rock,  and  crystallised, 
flints,  agate,  sand,  and  many  other  mineral  substances,  are 
silica  completely  or  nearly  pure,  and  when  combined  with 
various  metallic  oxides,  it  forms  the  great  family  of  siUcates, 
which  includes  the  majority  of  earthy  minerals. 

•It  is  exceedingly  diflScult  to  deprive  silicic  acid  of  its 
oxygen ;  even  by  ignition  with  potassium,  it  is  but  imperfectly 
decomposed.  To  prepare  silicon,  therefore,  a  somewhat  com-> 
plex  body  is  selected  to  be  acted  on,  the  double  fluoride  of 
silicon  and  potassium  (2SiF3  +  SKF.)  which  is  a  white  powder 
like  starch,  very  sparingly  soluble  in  water;  a  quantity  of  this 
substance  is  to  be  mixed  with  nearly  its  own  weight  of  potas- 
sium, cut  into  little  bits  and  placed  in  an  iron  cylbder,  or  in 
a  tube  of  hard  glass,  which  may  be  lield,  as  in  the  figure, 
over  the  flame  of  a  spirit  lamp.  As  soon  as 
the  bottom  of  the  tube  has  been  heated 
I  to  redness,  vivid  ignition  occurs  by  the 
decomposition,  which  spreads,  with  fittle 
need  of  external  heat,  throughout  the 
entire  mass;  when  cool,  the  residual 
brown  matter  is  to  be  washed  carefully 
with  water :  fluoride  of  potassium  dissolves,  and  the  silicon 
remains  behind ;  the  SSiFs  +  SKF  acted  on  by  6K  give9KF 
and  2Si.  To  have  the  silicon  quite  pure,  numerous  precau- 
tions are  necessary  which  need  not  be  detailed  here. 
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The  BiHcoD  80  obtained,  is  a  duU  brown  powder,  which, 
when  heated  in  air  or  in  oxygen,  takes  fire  and  bums,  form- 
ing silicic  acid.  If  it  be  ignited  in  a  closely  covered  vessel 
it  shrinks  in  volume,  increases  very  much  in  density,  and 
becomes  insoluble  in  acids  or  alcalies,  which,  in  its  origi- 
nal form,  it  would  dissolve  in,  with  evolution  of  hydrogen 
gas ;  it  then  also  cannot  be  made  to  burn  in  oxygen  gas ;  it 
bums  in  the  vapour  of  sulphur  and  in  chlorine,  combining 
with  these  bodies.  When  ignited  with  carbonate  of  potash, 
the  silicon  bums  brilliantly,  setting  carbon  free,  and  form- 
ing with  die  oxygen  of  the  carbonic  acid,  silicic  acid,  which 
combines  with  the  potash.  The  equivalent  number  of  sili- 
eon  is  S77*S1  or  22*22  according  as  the  oxygen  or  the 
hydrc^n  standard  may  be  adopted. 

SUide  Acid*  SUica. — This,  the  only  compound  of  silicon 
and  oxygen,  exists  in  nature  completely  pure,  in  masses  con- 
stituting quartz  rock,  and  in  crystals  which  belong  to  the 
rhombohedral  system ;  their  ordinary  form  is  represented  in 
the  margin.  It  is  exceedingly  hard,  and  in  order  to  be 
reduced  to  powder,  requires  to  be  heated 
first  to  redness  and  then  thrown  into  a  large 
mass  of  cold  water.  The  piece  of  quartz 
cracks  in  every  direction,  by  being  so  sud- 
denly cooled,  and  is  then  easily  reduced 
to  powder  in  an  agate  mortar.  It  may  be 
obtained  in  a  state  of  much  more  minute 
division,  by  melting,  in  a  platinum  crucible, 
a  mixture  of  equal  weights  of  carbonate  of 
potash  and  of  carbonate  of  soda,  and 
adding  thereto  powdered  flint,  by  small  quantities  at 
a  time ;  the  silica  dissolves  in  the  melted  alcali,  whilst 
carbonic  acid  gas  is  given  ofil  When  the  alcaline  sili- 
cates, so  formed,  are  dissolved  in  water,  and  a  stronger 
acid  added,  the  silicic  acid  is  precipitated  as  a  gelatinous 
hydrate,  which,  when  completely  dried,  forms  a  white 
powder,  still  somewhat  gritty  to  the  feel.  When  the 
gaseous  fluoride  of  silicon  comes  into  contact  with  water,  a 
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portion  of  it  is  decomposed^  iSaoride  of  hydrogen  and  silicic 
acid  being  produced,  this  last  separates  in  the  gelatinous 
form,  but  on  drying,  becomes  an  exceedingly  fine  light 
powder. 

Silica,  even  whjsn  prepared  by  precipitation,  feels  gritty 
between  the  teeth ;  when  in  mass,  it  is  exceedingly  hard, 
scratching  glass  and  the  generality  of  minerals.  Its  specific 
gravity  is  2'66;  itis  fiisible  only  by  the  oxy-hydrogen  blowpipe, 
in  the  fiame  of  which  it  melts  into  a  colourless  glass ;  when 
once  dried,  it  is  totally  insoluble  in  water,  but  in  its  gelatinous 
form,  it  is  soluble  to  a  small  extent ;  hence  many  mineral 
waters  contain  silica,  which  being  gradually  precipitated  in 
the  substance  of  decomposed  organic  matter,  produces  the 
silicious  petrefactions,  in  which  the  most  delicate  vegetable 
tissues  are  so  beautifully  preserved.  The  differences  be- 
tween silica  in  its  dry  and  in  its  hydrated  condition  are  so 
great,  that  we  can  scarcely  suppose  them  to  be  satisfactorily 
accounted  for  by  the  presence  of  a  substance  for  which  the 
silica  appears  to  have  so  little  affinity.  When  a  dilute 
alcaline  solution  of  silica  is  decomposed  by  an  acid  there 
is  no  precipitation,  the  silica  remaining  dissolved ;  but  on 
evaporating  the  liquor  to  dryness,  the  silica  assumes  the  in- 
soluble condition,  and  remains  behind  when  the  saline  consti- 
tuent 18  dissolved.  On  the  other  hand,  by  the. presence  of 
an  alcali,  the  insoluble  silica  is  made  to  assume  the  soluble 
state. 

There  is  some  difference  of  opinion  as  to  whether  the 
compounds  of  silica  and  water  are  truly  definite,  but  I  look 
upon  the  existence  of  at  least  one,  having  the  formula 
SSiOd  +  HO  as  being  certain ;  I  have  found  the  light  spongy 
masses  of  silica  deposited  from  volcanic  springs,  and  on  the 
edges  of  volcanic  craters  from  Iceland  and  Tenerifie,  to  have 
accurately  that  constitution. 

It  is  probable  that  a  great  deal  of  the  silica  which  exists 
in  nature  had  been  originally  deposited  in  the  soluble  con- 
dition. The  structure  of  the  agates,  chalcedony,  and  many 
other  minerals,  proves  that  they  were  formed  by  a  solution  of 
silica,  having  penetrated  into  a  cavity  in  the  surrounding 
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rock,  and  having  then  gradually  dried  down  or  crystallized. 
It  ifl  eren  pretty  certain,  that  the  crystallized  quartz  is  also  of 
this  aqueous  origin. 

In  the  arts,  silica  is  of  exceeding  importance,  being  an 
essential  constituent  of  glass,  porcelain,,  and  every  kind  of 
delft  and  earthenware.  For  purely  chemical  purposes,  it  is 
only  of  interest  from  the  compound  which  silicon  forms  with 
fluorine;  the  hydrofluoric  acid  being  the  only  acid  capable  of 
dissolving  silica. 

The  composition  of  silica  and  its  equivalent  numbers,  are 
as  follows,  its  formula  being  SiOs. 


Silicon, 
Oxygen, 


48-04  One  equivalent      =  277-3  or  22-22 
51-96  Three  equivalents  =  3000  or  2400 


100-00  577-3      46-22 

Silicon  does  not  combine  with  hydrogen  nor  with  nitro- 
gen :  there  exists  a  sulphuret  of  silicon  which  is  probably 
SiSs  as  when  acted  on  by  water  it  produces  soluble  silica 
and  sulphuretted  hydrogen. 

Chloride  of  Silicon. — ^This  substance,  although  not  itself 
important,  is  yet  interesting  from  the  fact,  that  the  method 
of  preparing  it  is  one  by  which  a  number  of  remarkable  com- 
pounds of  chlorine  have  been  discovered,  and  hence  it  de- 
serves to  be  described.  Chlorine  has  no  action  on  silica  at 
any  temperature;  but  if  finely  divided  silica  be  mixed  with 


powdered  charcoal  and  heated  to  redness  in  a  porcelain 
tube  a,  c,  inserted  in  the  furnace,  as  in  the  figure,  and  by 
means  of  a  glass  tube  attached  at  &,  acurrent  of  dry  chlorine  be 
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made  to  atream  over  the  ignited  mixturei  decomposition  en- 
Buesj  the  oxygen  of  the  silica  combining  with  the  carbon  to 
form  carbonic  oxide  gas,  whilst  the  chlorine  and  silicon  unite, 
producing  the  chloride  of  silicon,  which,  being  a  very  vola- 
tile liquid,  requires  to  be  carefully  condensed ;  for  this  pur- 
pose the  tube  c/,  is  wrapped  up  in  a  cloth,  or  a  paper  kept 
constantly  wetted  by  a  stream  of  water  from  the  reservoir,  e, 
and  the  liquid  produced  then  collects  in  the  bottle,/,  whilst 
the  oxide  of  carbon  and  the  excess  of  chlorine  pass  off  by 
the  tube  m.  In  this  process  the  reaction  is  such,  that  SCI 
acting  on  SiOa  and  SC  give  rise  to  3.C0  and  SiCls. 

The  stream  of  dry  chlorine  may  be  very  conveniently  ob- 
tained by  the  apparatus  here  figured ;  the  muriatic  acid  and 
peroxide  of  manganese  are  placed  in  the  flask  a,  and  the 
gas  evolved,  depositing  the  accompanying  liquid  in  the  re- 
ceiver, i,  passes  through  the  tube  c,  which  being  filled 
with    fragments   of  recently  fused    chloride    of  calcium, 

absorbs  all  the 
watery  vapour. 
The  gas  issues 
dry  from  the  ex* 
tremity,  where 
it  is  connected 
with  the  end  6, 
of  the  porcelain 
tube  in  the  pre- 
ceding figure. 

The  chloride  of  silicon  is  a  colourless  liquid,  denser  than 
water,  it  boils  at  124*^;  in  contact  with  water,  it  is  resolved 
into  silica  and  hydrochloric  acid,  from  whence  its  formula 
must  be  SiC]3. 

Fluoride  of  Silicon.^Thia  is  the  most  remarkable  com- 
pound of  silicon,  after  silicic  acid ;  it  is  a  gas  colourless  and 
transparent ;  to  prepare  it,  fluor  spar  and  sand,  or  glass  in 
powder  are  mixed  together  and  heated  in  contact  with  oil  of 
vitriol,  the  mass  swells  up  very  much,  so  that  a  large  vessel 
must  be  employed.  In  this  reaction  we  may  look  upon  water 
as  being  decomposed  or  not,  as  the  results  may  be^explained 


^ 


^"■m 


mm 


mm 


HTDROFLUOSILICIC  ACID. 


529 


in  either  way.  Thas  the  oxygen  of  the  siGca  may  comhine 
with  the  calcium,  forming  lime,  and  this  with  the  sulphuric 
addywhilst  the  silicon  unites  with  the  fluorine  of  the  fluorspar. 
Or,  water  being  decomposed,  hydrofluoric  acid  and  lime  may 
be  first  produced,  and  the  former  reacting  on  the  silica  may 
reproduce  water,  and  form  fluoride  of  silicon.  I  prefer  to 
omit  here,  as  I  did  when  describing  the  formation  of  chlorine, 
all  the  unnecessary  theoretic  agency  of  the  water,  and  to  ex- 
press the  decomposition  as  3(S03.HO}  with  SiOs  and  3(CaF.) 
give  3(S03.CaO.HO)  and  SiFg. 

This  gas  must  be  coOected  over  mercury,  and  in  vessels 
dried  with  the  greatest  care.  When  it  mixes  with  air,  it 
forms  dense  white  fumes,  which  arise  from  the  formation  of 
silica  by  the  watery  vapour  present  being  decomposed. 

It  is  colourless  and  transparent;  its  specific  gravity  is 
3600.  Its  composition  and  equivalent  numbers  are  as  fol- 
lows, its  formula  being  Si.Fa. 

Silicon,        28-32  One  equivalent      =;  277-3  or  22-22 
Fluorine,    71-68  Three  equivalents  =  701-4      56-22 

10000  978-7       78-44 

The  hydrofluosilicicacid,  or  the  double  fluoride  of  hydro- 
gen and  silicon,  cannot  be  obtained  free  from  water,  but  its 
solutionis  of  considerable  importance  as  a  chemical  reagent, 
and  hence  its  preparation  requires  to  be  described. 

The  mixture  of  powdered  fluor  spar  and  sand  is  intro- 
duced into  the  matrass  a,  which  is  imbedded  in  a  sand  bath, 
^  as  in  the  figure.  By  means  of 
the  syphon  funnel  /,  the  oil  of 
vitriol  is  then  poured  in,  and  the  gas 
evolved  is  conducted  by  the  tube  to 
the  water  in  the  vessel  d,  e.  If 
the  tube  opened  into  the  water 
directly,  so  much  silica  would  be 
deposited  at  its  orifice  as  to  stop 
it  up  every  moment;  and  hence, 
a  quantity  of  mercury,  e,  is  placed 
at  the  bottom,  and  the  end  of  the 
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tube  dips  into  it.  The  gas  bubble^  therefore,  does  not 
touch  the  water  until  completely  separated  from  the  tube : 
it  escapes  from  the  surface  of  the  mercury,  and  then  it  be- 
comes invested  with  a  coating  of  silica,  like  a  bag  of  tissue 
paper,  of  which  many  preserve  their  form  for  a  certidn 
time.  The  passage  of  the  gas  is  to  be  continued  until  the 
water  becomes  thick,  from  the  quantity  of  silica  separated ; 
it  is  then  to  be  poured  on  a  fine  linen  cloth,  and  the  silica 
removed  by  straining  and  pressure.  In  this  process,  one- 
third  of  the  fluoride  of  silicon  is  decomposed  by  the  water 
forming  silica  and  hydrofluoric  acid,  which  last  unites  with 
the  remaining  fluoride  of  silicon,  to  form  the  hydrofluosilicic 
acid,  the  formula  of  which  is  2(Si.F3)  +  3.  H.F. 

When  a  solution  of  this  acid  is  heated,  fluoride  of  silicon 
is  given  off  and  hydrofluoric  acid  remains.  Hence,  al- 
though the  hydrofluosilicic  acid  is  without  action  upon 
glass,  glass  vessels  in  which  it  is  evaporated  are  corroded.) 

The  property  of  this  acid  which  is  of  most  interest  to  the 
chemist  is,  that  it  forms,  by  acting  on  the  salts  of  potassium 
and  barium,  compounds,  fluosUicateSy  or  double  fluorides  of 
those  metals,  which  are  very  sparingly  soluble  in  water ;  and 
hence,  it  is  used  to  detect  the  presence  of  these  substances 
in  solution.  The  precipitate  so  obtained  is  remarkable  for 
being  at  first  so  gelatinous  and  transparent,  that  it  can  be 
recognized  in  the  liquor  only  by  the  play  of  colours  in  the 
light  reflected  from  its  upper  surface.  When  coOected  on 
a  filter  and  dried,  these  compounds  appear  like  powdered 
starch.  The  constitution  of  the  salts  of  the  hydrofluosilicic 
acid  resembles  that  of  the  acid  itself,  the  hydrogen  being 
replaced  by  a  metal;  thus,  the  fluosilicate  of  potassium,  al- 
ready described  as  used  for  preparing  silicon,  is  expressed 
by  the  formula  SSiFa  +  3KF. 

The  composition  of  hydrofluosilicic  acid  is  easily  known 
from  that  of  the  hydrofluoric  acid  and  fluoride  of  silicon. 
Its  equivalent  number  is  2696-4,  or  216-2. 

Of  Boron. 

The  history  of  this  substance  presents  a  very  close  analogy 
with  that  of  silicon.     It  was  first  obtained  by  decomposing 


!^^^-^^^^lP 


BORON  AND  BORACIC  ACID.  531 

boracic  acid  by  galvanism,  but  is  best  prepared  by  acting  on 
the  fluoborate  of  potash  by  metallic  potassium,  exactly  as 
has  been  described  under  the  head  of  silicon.  That  salt 
consists  of  fluoride  of  boron  united  to  fluoride  of  potassium; 
by  the  reaction,  all  the  fluorine  passes  to  the  potassium  and 
the  boron  is  set  free. 

Boron  is  a  dark  olive  substance,  which  does  not  conduct 
electricity.  It  is  insoluble  in  water  and  all  other  neutral 
fluids.  When  heated  to  600^  in  air  or  osygen  it  takes  fire, 
and  burning,  forms  boracic  acid;  the  same  effect  is  produced 
by  boiling  with  nitric  acid,  or  by  ignition  with  nitrate  or  with 
carbonate  of  potash. 

This  element  is  not  extensively  distributed  in  nature,  and 
only  found  combined  with  oxygen,  forming  boracic  acid.  This 
exists  in  certain  springs  in  India,  combined  with  soda,  and 
being  crystallized  in  an  imperfect  way,  was  brought  into 
commerce  under  the  name  of  tinkal,  or  crude  borax*  The 
boracic  acid  is  also  found,  and  in  much  larger  quantity,  free, 
or  combined  only  with  a  small  quantity  of  ammonia,  in  the 
small  volcanic  lakes  or  lagoons  of  Tuscany.  It  accompanies  the 
watery  vapour  which  gushes  out  of  fissures  in  the  earth,  and 
which  contains  also  muriatic  acid.  The  water  of  these  lakes 
is  evaporated,  and  the  boracic  acid  being  crystallized,  is  im- 
ported into  these  countries  for  the  manufacture  of  borax 
(borate  of  soda)  and  other  salts. 

The  boracic  acid  is  the  only  compound  of  boron  and  oxy- 
gen ;  it  may  be  obtained  quite  pure,  from  the  native  acid,  by 
boiling  this  with  eight  parts  of  water  and  a  little  white  of 
eggy  and  filtering  the  solution.  On  cooling  slowly,  the 
boracic  acid  crystallizes  in  large  brilliant  plates,  soft  and 
unctuous  to  the  feel,  and  of  an  irregidar  crystalline  form. 
It  may  be  also  produced  from  borax,  by  dissolving  it  in  four 
times  its  weight  of  boiling  water,  and  adding  sulphuric  acid 
until  the  liquor  becomes  sour  to  the  taste.  On  cooling,  the 
boracic  acid  crystallizes ;  but  as  it  retains  a  little  sulphuric 
acid  and  sulphate  of  soda,  a  second  solution  and  crystalliza- 
tion is  necessary  to  have  them  pure. 
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The  crjstala  of  boracic  acid,  so  prepared,  contain  water, 
the  oxygen  of  which  is  equal  to  the  oxygen  of  the  acid;  when 
heated,  this  water  passes  off  and  the  acid  melts ;  on  cooling, 
it  forms  a  colourless  glass;  when  completely  dry  it  is  fixed,  but 
in  the  presence  of  water  it  is  carried  off  by  the  vapour  in 
great  quantity.  The  glacial  acid,  when  exposed  to  the  air, 
absorbs  water,  swells,  and  becomes  opaque.  The  boracic 
acid  is  much  more  soluble  in  hot  than  in  cold  water,  the 
crystals  requiring  twenty-six  parts  of  water  at  60°,  and  only 
three  at  218^  for  their  solution.  Alcohol  dissolves  boracic 
acid  copiously ;  and  the  solution,  when  set  on  fire,  bums 
with  a  beautiful  green  flame,  by  which  this  body  may  easily 
be  recognized.  The  boracic  acid  possesses  but  very  feeble 
acid  properties,  many  of  its  soluble  salts  possess  alcahne 
reaction,  and  all  are  decomposed  by  the  weakest  acids.  It 
does  not  redden  litmus,  but  gives  it  a  port  wine  colour,  and 
a  strong  -solution  of  it  browns  turmeric  paper  like  an  alcali. 
At  high  temperatures,  however,  boracic  acid  maydecom* 
pose  the  salts  of  the  nitric  or  even  of  the  sulphuric  acids, 
from  the  principles  that  have  been  already  explained  in  the 
chapter  on  AfiBnity  (p.  S7g.) 

The  composition  and  equivalent  numbers  of  boracic  acid 
are  as  follows,  its  formula  being  B.O3: 

Boron,      31-22   One  equivalent,  .     =z  136-2  or  10*9 
Oxygen,  6878    Three  equivalents,   =3000  or  24*0 


10000  436-2      34-9 

Boron  does  not  combine  with  hydrogen  or  nitrogen ;  its 
compounds  with  sulphur  and  selenium  are  not  important 

Chloride  of  Boron. — Boron  burns  spontaneously  in  chlo- 
rine gas,  but  the  best  way  to  prepare  the  compound  of 
chlorine  and  boron  is  to  proceed  as  described  for  making 
chloride  of  silicon,  substituting  boracic  acid  for  the  silica.  The 
product  is  a  gas  colourless  and  transparent,  but  producing 
dense  white  fumes  in  contact  with  (damp  air,  owing  to  its  de- 
composition and  the  formation  of  boracic  and  hydrochloric 
acids.    The  presence  of  this  last  in  the  volcanic  lagoons 
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would  render  it  probable  that  by  some  subterraneous  action 
chloride  of  boron  is  generated,  and  is  decomposed  when 
mixed  with  the  watery  vapour  simultaneously  exhaled.  The 
chloride  of  boron  is  rapidly  absorbed  and  decomposed  by 
water;  its  specific  gravity  is  4079;  it  contains  H  times  its 
volume  of  chlorine ;  its  formula  is  B.Cla. 

Fluoride qf  Baron.— Ti\m  substance  is  prepared  ui  exactly 
the  same  way  as  fluoride  of  silicon,  substituting  the  boracic 
add  for  the  silicic  acid.  It  is  a  gas,  rapidly  absorbed  and 
decomposed  by  water,  and  generating  hydrofluoboric  acid, 
which  is  perfectly  analogous  to  the  hydrofluosilicic  acid.  It 
hence  focms  dense  white  fumes  when  mixed  with  damp  ur. 
Its  sp.  gr.  is  2362. 

The  hydrofluoboric  acid  is  obtuned  by  precisely  the 
same  plan  as  that  described  for  the  hydrofluosilicic  add. 
The  boradc  add  is  deposited  in  crystals  accordmg  as  the 
gas  is  absorbed.  If  the  liquor  be  evaporated  without  the 
acid  deposited  being  removed,  it  is  all  again  taken  up  and 
carried  oflTas  gaseous  fluoride  of  boron.  The  liquid  hydro- 
fluoboric add  resembles,  in  the  combinations  that  it  forms, 
the  hydrofluosilidc  add,  and  is  similar  to  it  also  in  constitu- 
tion, its  formula  being  ^(B.Fa)  +  3HF. 

No  other  compound  of  boron  of  any  interest  is  known. 


The  history  of  carbon  involves  so  many  considerations 
regarding  the  constitution  and  properties  of  organic  sub- 
stances, that  I  shall  postpone  entering  upon  it  until  after  the 
description  of  the  metals  and  their  salts,  and  other  com- 
pounds with  the  non-metallic  bodies.  I  will  then  com- 
mence the  study  of  the  chemistry  of  organic  substances  with 
that  of  thdr  most  constant  ingredient,  carbon. 

The  compound  of  nitrogen  with  hydrogen  (ammonia,)  has 
not  been  introduced  amongst  those  of  the  non-fnetallic  bodies 
with  each  other,  because  all  the  details  of  its  history  attach  it 
to  organic  chemistry,  under  which  head  it  will  consequently 
be  foundr  The  hypothetical  compounds  of  nitrogen  and  hy- 
drogen (amidogene  and  ammonium)  will  be  associated  with  it. 

2k 
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The  subsUnces  hitherto  described  as  chloride  and  iodide 
of  nitrogen,  having  been  found  to  contain  hydrogen,  and 
to  range  themsehes  in  an  important  series  of  organic  comln- 
nations,  have  not  been  noticed  in  the  chapter  now  closed, 
but  will  be  found  in  their  true  position  hereafter. 


CHAPTER  XIL 

OF  THE  GENERAL  CHARACTERS  OF  THE  METALS  AND  OF 
THEIR  COMPOUNDS  WITH  THE  NON-METALLIC  BODIES. 

Although,  as  has  been  already  noticed,  the  metals  cannot  be 
considered  as  forming  a  class  of  bodies,  united  by  such  ana^ 
logies  of  chemical  properties  and  laws  of  combination,  as 
would  constitute  a  natural  family,  yet  in  their  physical  cha- 
xacters,  and  the  most  prominent  facts  of  their  technical 
history,  they  have  so  much  in  common,  as  to  render  a 
notice  of  the  conditions  in  which  they  exist  in  nature,  the 
metiiods  by  which  ihey  are  extracted  upon  the  large  scale, 
and  the  physical  and  chemical  properties  by  which  they  are 
distinguished  as  a  great  division  of  the  elementary  bodies, 
necessary,  before  proceeding  to  the  detailed  history  of  the 
individual  metals. 

The  metals  are  forty-two  in  number ;  their  names  have 
been  already  given  in  more  than  one  place  (pp.  242  and  803.) 
They  reflect  light  powerfully,  and  hence  possess  what  is 
termed  metallic  lustre.  If  the  incident  light  be  plane  pola^ 
rized,  it  undergoes  a  remarkable  change  produced  only  by 
the  metals  and  by  diamond,  becoming  elliptically  polariased  on 
reflection.  The  metals  are  characterized  very  completely  by 
their  power  of  conducting  heat  and  electricity,  in  which, 
although  they  differ  amongst  each  other,  yet  the  worst  ex- 
cels all  non-metallic  bodies.  Lists  of  their  relative  conducting 
powers  in  these  respects  have  been  abready  given  (pp.  145, 
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475»  and  824.)  By  the  combination  of  these  characters, 
the  lustre  and  conducting  power,  the  metallic  or  non-metallic 
nature  of  a  body  is  always  determined. 

In  Ihe  other  properties  of  the  metals,  there  is  found  re- 
markable diversity ;  thus  in  colour,  although  silver  is  purely 
white,  the  majority  of  the  metals  are  of  various  shades  of 
bhiiflh-white,  or  grey,  whilst  copper  and  titanium  are  reddish 
coloured,  and  gold  is  yellow.  In  specific  gravity,  the  metals 
include  some  of  the  lightest  along  with  the  heaviest  solids 
that  we  know;  the  density  of  platinum  being  21  times,  of 
gold  19  times,  and  that  of  potassium  only  ^^  that  of  water. 

Some  of  the  most  important  applications  of  the  metals  in 
the  arts,  depend  cm  their  fnaUeahUity  and  duetiUiy*  Those 
metals  are  malleable  which  admit  of  being  rolled  or  beaten 
out  into  thin  leaves ;  those  being  ductile  which  can  be  drawn 
into  wire.  Gold  is  the  most  malleable  of  metals;  gold  leaf 
may  be  obtained  of  ^^^^sva  ^^  ^^  ^^^  ^  thickness,  and  is 
hence  the  only  metal  in  which  any  trace  of  transparency  has 
been  found;  silver,  copper,  tin,  rank  next  in  malleability. 
The  most  malleable  metals  are  not  at  all  the  most  ductile ; 
platinum,  and  even  iron  can  be  obtained  in  finer  wire  than 
gold ;  platinum  wire  was  made  by  Wollaston  of  Tfshns  ^^^ 
diameter ;  but  a  metal  which  is  not  malleable  cannot  be  duc- 
tile, and  vice  versa^  thus  antimony,  arseniC|  and  bismuth,  the 
brittle  metals,  may  be  powdered  in  a  mortar,  but  give  neither 
leaves  nor  wire.  The  texture  of  the  metals  which  produces 
the  malleable  and  ductile  conditions,  depends  closely  upon 
temperature.  Thus  zinc  is  malleable  and  ductile  at  300^;  it 
loses  this  power,  but  remains  tough,  at  60®,  while  at  600P  it 
becomes  so  brittle,  that  it  powders  as  easily  as  bismuth.  In 
the  drawing  of  lead  pipe,  and  in  making  most  of  the  metallic 
wires,  there  is  a  peculiar  temperature  required  for  the  most 
perfect  execution,  by  which  is  regulated  the  rapidity  with 
which  the  process  is  carried  on. 

In  strength  and  tenacity,  the  metals  differ  also ;  iron  is 
the  strongest  metal,  an  iron  wire  of  a  given  thickness  will 
support  a  greater  weight  than  a  similar  wire  of  any  other 
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metal ;  copper  is  next  iron,  but  only  about  one-balf  so  strong ; 
then  platinum,  silver,  and  gold ;  tin  and  lead  are  the  weakest 
of  the  metals.  The  tenacity  depends  also  on  the  molecular 
structure ;  if  the  wires  had  been  annealed,  so  as  to  allow  of 
an  approach  to  internal  crystallization,  the  tenacity  is  often 
found  to  be  reduced  to  one-half. 

In  their  relations  to  heat,  the  metals  exhibit  remarkable 
▼ariety ;  but  one  metal  is  liquid  at  ordinary  temperatures.  All 
of  the  metals  are  fusible,  but  ihey  require  for  their  liquefac- 
tion, the  greatest  range  of  temperature  which  can  be  pro- 
duced; thus  mercury  melts  at — 89^,  potassium  and  sodium 
below  the  heat  of  boiling  water;  tin,  lead,  zinc,  antimony,  and 
teUurium,  below  a  red  heat,  and  many  metals,  as  platinum, 
are  infusible  in  the  most  intense  heat  of  a  blast  iiimace,  and 
yield  only  to  the  flame  of  the  oxy-hydrogen  blowpipe.  In  the 
history  of  each  indiyidual  metal,  its  point  of  fusion  will  be 
given  so  fiur  as  it  is  known. 

The  majority  of  the  metals  are  fixed  at  the  greatest  heat 
of  our  furnaces,  but  mercury,  zinc,  cadmium,  arsenic,  tellu- 
rium, potassium,  and  sodium,  may  be  volatilized. 

The  generality  of  metals,  when  exposed  to  the  air,  par- 
ticularly when  damp,  absorb  oxygen  and  form  oxides;  some 
becoming  merely  tarnished  upon  the  surface;  others  be- 
coming thoroughly  oxidized.  Some  metals,  however,  as  . 
gold,  silver,  platinum,  palladium,  and  mercury,  are  not  liable 
to  this  action.  Those  metals  which  oxidize  when  exposed  to 
air,  unite  with  oxygen  at  a  higher  temperature,  with  great 
rapidity,  many  with  actual  combustion.  Thus  zinc,  when 
heated  to  full  redness,  takes  fire  and  bums  brilliantly  with  a 
white  flame,  and  the  combustion  of  iron  wire  in  oxygen  is  one 
of  the  prettiest  lecture  experiments.  Mercury  also,  which 
does  not  tarnish  when  exposed  to  oxygen  at  common  tempo* 
ratures,  becomes  oxidized  when  heated  to  near  its  boiling 
point,  but  the  oxide  is  resolved  again  at  a  red  heat  into 
oxygen  and  metallic  mercury. 

It  is  owing  to  their  affinity  for  oxygen,  that  many  of  the 
metals  decompose  water,  and  one  of  the  most  convement  das- 
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The  first  class  consists  of  metals  which 
»•  decompose  water  with  lively  efieryescence 
even  at  SS^. 


The  second  class  consists  of  metals  which 
do  not  decompose  water  with  lively  efierves- 
cence,  except  at  about  212^,  but  very  far 
below  a  red  heat. 


sifications  that  have  been  proposed  for  ordinary  use,  is 

founded  on  the  fact  of  the  different  degrees  of  facility  with 

which  this  decomposition  proceeds.    Thus 

Potassium, 

Sodium, 

Lhhium, 

Barium, 

Strontium, 

Calcium, 

Magnesium, 

Aluminum, 

Glucinum, 

Thorium, 

Yttrium, 

Zirconium, 

Lanthanum, 

Cerium, 

Manganese, 

Iron, 

Nickel, 

Cobalt, 

Zinc, 

Cadmium, 

Tm, 

Chromium, 

Vanadium, 

Tmigsten, 

Molybdenum, 

Osmium, 

Columbinm, 

Titanium, 

Arsenic, 

Antimony, 

Tellurium, 

Uranium, 


The  third  dass  consists  of  metals  which 
do  not  decompose  water  except  at  a  red  heat, 
or  at  common  temperatures  in  contact  with 
strong  acids. 


The  fourth  class  consists  of  metals  which 

decompose  vapour  of  water  energetically  at 

'^a  red  heat,  but  which  do  not  decompose  it 

at  common  temperaturCi  even  in  contact 

with  strong  acids. 


\ 
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Chopper, 

Lead, 

Bismuth, 


The  sixth  class  consists  of  metals  whose 
oxides  are  decomposed  alone  at  a  high  tem« 
perature,  and  which  do  not  decompose  water 
under  any  circumstances. 


The  fifth  class  consists  of  metals  which 
J  decompose  water,  at  a  red  heat,  but  very 
I  feebly;  but  whose  oxides  are  not  reducible 
^  to  the  metallic  state  by  heat  alone. 

Silver, 

Mercury. 

Gold, 

Palladium, 

Platinum, 

Rhodium, 

Iridium, 

This  kind  of  classification  was  first  proposed  by  Thenard, 
and  has  been  adopted  by  Graham  in  a  form  differing  very 
slightly  from  that  now  given. 

The  following  classification,  although  old  and  founded 
solely  on  popular  considerations,  is  yet  so  far  consonant  with 
the  simplest  characters  of  the  metals,  as  to  befirequently 
referred  to,  and  hence  to  be  worthy  of  notice. 

Those  metals  which  do  not  tarnish  on  exposure  to  the 
air,  and  the  oxides  of  which  are  reduced  by  heat  alone, 
were  termed  the  noble  or  perfect  metale  ;  at  the  bead  of  this 
list  stood  gold,  and  at  the  bottom  mercury. 

AU  the  other  metals  known  to  the  older  chemists,  were 
termed  ordinary  or  imperfect  tneials.  Of  the  metals  of  the 
first  and  second  class,  none  had  been  then  discovered,  and  of 
their  oxides,  only  potash,  soda,  barytes,  lime,  magnesia, 
and  alumina  were  known.  From  the  old  name  of  potash. 
Kali,  with  the  Arabic  prefix  al,  potash  and  soda,  at  one  time 
confotmded  together,  were  termed  cdeaUee,  and  ammonia  re- 
sembling them  very  much,  when  dissolved  in  water  or  com- 
bined with  acids,  was  also  called  an  alcali ;  it  was  the  volatile 
alcali,  potash  and  soda  being  fixed  alcalies ;  it  was  also  termed 
the  -animal  alcali,  whilst  soda  was  the  mineral  alcali,  being 
derived  from  rock  salt  or  from  the  ocean ;  and  potash  re- 
ceived the  name  of  the  vegetable  alcali,  from  its  source  being 
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the  ashes  of  plants  growing  upon  land.  The  alcalies  are 
characterized  by  being  very  soluble  in  water,  and  by  neutra- 
lizing the  strongest  acids.  They  hence  restore  the  blue 
colour  of  reddened  litmus  paper,  and  change  the  vegetable 
colours  in  general;  the  yellows  to  brown,  the  reds  and  blues 
to  green. 

Paper  tinged  yellow  by  turmeric,  is  a  delicate  test  of  the 
presence  of  an  alcali,  by  which  it  is  browned. 

Magnesia  and  alumina  were  termed  earths,  and  silica 
was  classed  with  them ;  these  bodies,  the  earths  proper,  are 
insoluble  in  water,  and  hare  no  action  on  turmeric  paper. 

Barytes,  lime,  and  strontia,  were  termed  akaMne  ecurihs, 
they  are  soluble  in  water,  but  much  less  so  tiian  the  alcalies, 
these  solutions  brown  turmeric  paper,  and  neutralize  acids ; 
but  they  are  completely  distinguished  ti0ik  the  alcalies  by 
their  combinations  with  carbonic  acid,  which  are  insoluble  in 
water,  whilst  the  alcaline  carbonates  are  very  soluble  in  that 
liquid.  These  phrases  of  alcalies  and  earths,  are  of  con- 
stant recurrence  in  descriptions  of  chemical  processes  and 
results,  and  are  thus  seen  to  be  founded  on  and  expressive 
of  some  of  the  most  important  characters  in  those  bodies. 

Most  of  the  metals  combine  with  oxygen  in  more  than 
one  proportion,  and  the  characters  of  the  oxides  are  found 
to  be  legolKted  in  a  great  degree  by  their  composition.  All 
protoxides  (R.O)  (R.  representing  an  equivalent  of  any 
metal)  appear  capable  of  combining  with  acids  to  form 
neutral  salts,  they  constitute,  properly,  the  metallic  basis^ 
but  in  many  cases  suboxides,  (RsO)  such  as  those  of  cop- 
per and  mercury,  form  well  characterized  salts,  and  ses- 
qui-oxides  (RaOa)  as  those  of  iron,  manganese,  aluminum, 
and  chrome,  produce  well  defined  classes  of  salts  also,  which, 
however,  in  solution  always  possess  an  acid  reaction.  Per- 
oxides, (ROs)  as  those  of  manganese,  tin,  titanium,  and  lead, 
are  eidier  indifferent,  or  feebly  acid,  and  the  higher  degrees 
of  oxidation  lose  all  basic  character,  and  become  true  acids, 
as  the  manganic  acid,  MnOa,  and  the  chromic  acid  (CrOs.) 

The  different  oxides  of  the  same  metal  frequently  unite 
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with  each  other,  producing  compounds  which  have  great 
simihrity  to  salts.  Examples  of  this  will  be  found  under 
the  heads  of  manganese,  of  iron,  and  of  lead. 

The  aflbiity  of  the  metals  for  chlorine  is,  in  many  cases, 
eren  more  remarkable  than  that  which  they  manifest  for 
oxygen ;  thus  gold  and  platinum,  which  resist  even  nitric 
acid,  at  once  combine  with  chlorine ;  and  tin,  copper,  mer- 
cury, antimony,  arsenic,  and  bismuth,  which  require  a  high 
temperature  to  afiect  their  rapid  combination  with  oxygen, 
bum  spontaneously  when  introduced  into  chlorine  gas  in  a 
state  of  minute  division.  Most  metallic  oxides  are  decom- 
posed by  chlorine  also  at  a  high  temperature ;  thus  if  a 
stream  of  chlorine  gas  be  passed  over  lime  heated  to  red- 
ness in  a  porcelain  tube,  oxygen  gas  is  expelled,  and  the 
calcium  remains  combined  with  chlorine.  On  this  account, 
the  chlorides  are  generally,  after  the  oxides,  the  most  import- 
ant metallic  compounds.  Towards  iodine,  bromine,  and 
fluorine,  the  metals  are  related  nearly  as  to  chlorine,  the 
affinities  bemg,  however,  much  weaker  towards  bromine,  and 
still  more  so  towards  iodine ;  of  fluorine  we  do  not  as  yet  pos- 
sess much  positive  knowledge,  but  its  affinities  appear  to  be 
at  least  as  intense  as  those  of  chlorine. 

The  compounds  of  sulphur  with  the  metals  constitute  a 
very  extensive  and  important  series,  which,  as  has  been 
more  fully  noticed  in  p.  461,  resembles  in  a  very  striking 
manner,  the  series  of  oxides  of  the  same  metal.  Many 
metals,  at  a  high  temperature,  combine  with  sulphur  with 
brilliant  combustion ;  and  even  at  common  teibperatures,  if 
iron  filings  and  sulphur  be  mixed  together  with  a  little 
water,  they  will,  in  uniting,  produce  so  much  heat  as  to 
burst  into  flame,  if  the  mass  be  moderately  large.  The  me- 
tallic sulphurets,  like  the  metallic  oxides,  are  some  acids  and 
some  bases,  and  these,  by  uniting,  form  the  extensive  classes 
of  sulphur-salts.  The  metals  combine  with  selenium  and 
with  phosphorus,  subject  to  nearly  the  same  conditions  as  in 
forming  sulphurets,  but  the  history  of  those  compounds  is 
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not  nearly  so  complete.  As  yet  but  very  little  has  been 
done  towards  the  history  of  the  compounds  of  the  metals 
with  nitrogen,  siUcium,  or  boron. 

Some  of  the  metals,  tellurium,  arsenic,  and  antimony 
combine  with  hydrogen,  forming  gaseous  compounds,  which 
resemble  very  closely  the  sulpburets  and  phosphurets  of 
hydrogen  in  properties  and  constitution.  In  these  bodies 
the  hydrogen  is  the  positive  element,  the  metal  playing  the 
part  of  the  sulphur  or  of  oxygen. 

The  circumstances  under  which  the  metals  are  found  in 
nature  are  exceedingly  diverse.  Some  are  found  native,  or 
only  alloyed  with  other  metals,  as  gold,  silver,  tellurium, 
bismuth,  and  some  others.  Many  exist  combined  with 
arsenic,  the  sources  of  cobalt  and  nickel  being  almost  exclu- 
sively their  nadve  arseniurets*  Some  metallic  chlorides  and 
iodides  exist  also  native,  but  the  most  abundant  forms  in 
which  the  metals  are  to  be  found,  are  combinations  with  oxy- 
gen and  sulphur.  There  are  few  of  the  metals  that  do  not 
exist  naturally  in  the  state  of  oxides,  which  are  either  free 
or  else  combined  with  acids,  forming  salts.  Thus,  lead, 
copper,  iron,  zinc,  tin,  manganese,  antimony  are  all  found  in 
abundance  as  native  oxides^  or  as  native  sulphates',  car- 
bonates, arseniates,  phosphates,  silicates,  &c.  The  majority 
of  the  metals  exist  also  in  nature  combmed  with  sulphur. 
The  sulphi)rets  of  lead,  of  zinc,  and  of  copper  are  the 
aonrces  from  whence  the  supplies  of  those  metals  are  ob- 
tained ;  and  the  sulphuret  of  iron  exists  in  great  abundance, 
and  although  not  used  for  the  extraction  of  the  metal,  is  of 
great  importance  in  the  manufacture  of  green  vitriol,  of  alum, 
and  of  sulphuric  acid.  These  native  compounds  of  the 
metals  are  termed  ore$;  and  the  metal  is  said  to  be  nAm^ 
ratized  by  the  substance  with  which  it  is  united. 

The  processes  followed  in  the  extraction  of  the  metala 
must  be,  of  course,  regulated  by  die  composition  of  the  ores 
in  which  it  is  contained ;  and  as  it  will  save  the  necessity  of 
frequent  repetition  hereafter,  I  shall  describe  the  general 
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manner  of  treating  each  kind  of  ore,  so  far  as  may  serve  the 
pnrpose  of  an*  elementaiy  work  like  the  present,  in  whidi 
the  introduction  of  minute  and  technical  details  would  be 
useless  and  improper.  In  cases  where  the  plan  followed 
for  any  particular  metal,  deviates  essentially  from  that  now 
about  to  be  described,  I  shall  notice  the  circumstance  in  its 
special  history. 

Where  the  metal  exists  in  a  sunply  ozidixed  condition,  it 
is  only  necessary  to  heat  the  ore  strongly  in  contact  with  the 
fuel,  by  which  carbon  is  supplied  in  abundance  for  its  reduc- 
tion. The  carbon  combines  with  the  oxygen,  and  the 
metal  is  set  free.  It  is  not  often  that  the  ores  have  this 
simple  constitution,  but  in  many  cases  the  metal  exists  as  a 
carbonate,  and  then  the  carbonic  acid  being  expdled  by  the 
first  application  of  the  heat,  the  oxide  which  remains  is  re- 
duced by  the  deoxidising  action  of  the  ignited  Aid.  Thus, 
the  native  carbonatesof  lead,  of  copper,  of  sdnc,  and  specially  of 
iron,  are  simply  reduced  in  this  way :  the  last  mentioned  is 
the  ore  which  constitutes  the  great  iron  deposit  of  the 
neighbourhood  of  Glasgow. 

If  the  mineralising  substance,  however,  be  any  other  than 
oxygen,  carbon,  no  matter  how  intensely  heated,  cannot  pro- 
duce any  effect  upon  the  ore.  Thus,  the  native  sulphurets 
and  arseniurets  are  not  acted  upon  by  carbon.  Nor  can  the 
metals  be  obtained  in  a  pure  form  from  any  of  their  salts 
except  the  carbonates,  by  means  of  carbon,  for  the  oxygen 
of  the  acid  and  base  being  simultaneously  removed  by  its 
agency,  the  radical  of  the  acid  remains  united  with  the 
metal,  which  is  thus  only  changed  into  a  new  kind  of  ore. 
Thus,  if  sulphate  of  lead  be  heated  with  any  of  the  forms  of 
carbon,  it  is  converted  into  sulphuret  of  lead,  SO3  -i-  PbO 
and  4C  giving  S  -f  Pb  and  4CO.  And  if  arseniate  of  iron 
be  ignited  with  carbon,  all  the  oxygen  is  removed,  and  the 
arsenic  and  iron  remain  in  combination.  In  such  cases,  it  is 
necessary  to  adopt  somewhat  more  circuitous  methods,  suited 
to  the  constitution  of  the  individual  ores. 
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In  the  case  of  certain  metallic  sulpburets,  the  metal  may 
be  very  simply  separated  by  melting  the  ore  with  a  propor- 
tional quantity  of  a  metal  having  a  greater  affinity  for  sul- 
phur.   Thus,  metallic  antimony  is  very  generally  obtained 
by  the  fusion  of  the  native  sulphuret  with  iron;  SbsS3  and 
3Fe  giving  S.Fe.S  and  Sbs«    On  the  large  scale,  however, 
this  method  would  not  be  economically  available.    In  order 
to  extract  the  metal  from  its  sulphuret,  as  in  the  generality 
of  the  ores  of  lead,  of  copper,  and  of  sine,  the  ore,  first  re- 
duced to  fine  powder,  is  heated  to  redness  in  a  current  of  air, 
by  the  oxygen  of  which  the  sulphur  is  converted  into  sul- 
phurous and  sulphuric  acid,  whilst  the  metal  is  oxidized. 
This  process  is  termed  cakinatum*    A  great  part  of  the 
sulphuric  acid  formed  is  carried  off  with  the  current  of  air^ 
and  the  remaining  product  b  a  sulphate  of  the  metal,  with 
excess  of  base.    When  the  salt  so  formed  is  deoxidized  by 
contact  with  the  ignited  fuel,  the  excess  of  oxide  abandoning 
its  oxygen,  yields  an  equivalent  quantity  of  metal,  which, 
however,  would  be  impure  and  of  inferior  quality,  by  having 
dissolved  a  portion  of  the  sulphuret  reproduced  by  the  re- 
duction of  the  suli^ur  from  the  sulphuric  acid.     It  is, 
therefore,  necessary  to  get  rid  of  that  residual  portion  of 
the    sulphuric  acid  before  the  deoxidizing  process  com- 
mences, and  this  is  effected  by  mixing  up  a  proper  quantity 
of  lime  with  the  calcined  mass.    The  lime  decomposes  the 
metallic  sulphate,  combines  with  the  sulphuric  acid^  and  sets 
the  oxide  firee ;  and  when  then  the  deoxidizing,  flames  of  the 
furnace  pass  over  the  calcined  mass,  the  metallic  oxide 
being  reduced^  yields  a  pure  metal,  whilst  the  dulphate  of 
lime,  though,  by  losing  its  oxygen,  it  is  brought  to  the  state  of 
sulphuret  of  calcium,  remains  as  a  glassy  scoria  upon  the 
surface  without  injury.    This  kind  of  operation  is  generally 
carried  on  in  a  sort  of  furnace  termed  reverter aiory^  from 
its  office  of  beating  down  the  flames  from  the  fire-place 
upon  the  materials  strewed  upon  its  hearth.    The  adjoining 
figures  will  give  an  idea  of  its  construction.    The  upper  is  a 
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vertical,  and  the  lower  a 
horizontal  section,  to  which 
the  same  letters  apply,  a 
is  the  fire-place,  and  h  the 
ash-pit;  at  c  a  low  wall  is 
raised,  termed  the  bridge^ 
and  the  flames  and  heated 
air  ascending  from  the  fire 
are  reflected  downwards  by 
the  low,  vaulted  roof,  and 
impinging  upon  the  hearth 
or  sole  of  the  (umace,  d, 
produce  the  greatest  heating  efiect  upon  the  materials  laid 
thereon.  The  openings,  i  and  g,  serve  for  the  introduction 
of  the  materials,  and  for  giving  them  the  arrangement, 
agitation,  and  mixture  most  conducive  to  the  success  of  the 
operation.  The  damper,  /?,  in  the  flue,  regulates  the 
draught,  and  hence  the  intensity  of  the  fire. 

In  this  furnace  the  calcimng,  or  oxidizing,  and  the  re- 
ducing, or  deoxidizmg  efiect  is  produced,  according  as  the 
supply  of  foel  and  of  air  is  regulated ;  and  thus  the  two 
stages  just  described,  in  the  extraction  of  a  metal  from  its 
native  sulphuret,  are  carried  on.  The  hearth,  d,  is  gene- 
rally dished  or  concave  towards  the  centre,  so  that  tiie  re- 
duced metal,  in  its  melted  condition,  may  flow  there,  and 
be  run  out  by  an  aperture  in  the  side  of  the  furnace,  when 
the  operation  is  concluded. 

In  tiie  case  of  sulphuret  of  lead,  a  very  simple  and  beau- 
tiful process  of  reduction  consists  in  roasting  the  ore  at  a 
moderate  temperature,  so  that  about  one-half  of  it  shall  be 
converted  into  sulphate  of  lead  by  oxidizement,  witiiout  any 
of  the  sulphuric  acid  being  driven  off;  and  then,  having 
mixed  this  up  well  with  the  unaltered  portion  of  the  ore, 
increasing  the  temperature  very  rapidly,  so  that  the  two 
shall  be  fluxed  together.  The  result  is  the  complete  con- 
version of  the  mixture  into  sulphurous  acid  gas,  which 
passes  off,  and  pure  metallic  lead  which  remains,  the  sul- 
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phur  of  the  unaltered  ore  combining  with  the  sulphur  and 
oxygen  of  that  portion  which  had  been  oxidized.  Thus 
SO3  4-  PbO  and  S  +  Pb  produce  exactly  S.  SO,  and  2Pb. 

One  of  the  moet  interesting  processes  of  reduction  is 
that  by  which  iron  is  obtained  firom  its  most  abundant  ore, 
the  clay  iron  stone.  This  substance  consists  of  oxide  of 
iron  of  greater  or  less  purity,  combined  with  alumina  and 
silica.  Now  as  carbon  cannot  deprive  silica  of  oxygen,  ex- 
cept under  very  peculiar  circumstances,  such  as  those  de- 
scribed in  page  527,  so  the  metal  cannot  be  obtained  by 
mere  deoxidation,  and  even  if  the  oxygen  were  removed, 
the  result  should  be  pure,  not  iron,  but  a  compound  of  silicon 
and  iron,  which  indeed  is  formed  in  small  quantity,  and  is 
found  generally  in  cast  iron.  It  is  necessary,  therefore,  to 
decompose  the  silicate  of  iron  of  which  the  ore  is  consti- 
tuted, and  this  is  effected  by  means  of  lime.  The  coal  or 
coke  and  the  ore  are  introduced  into  the  fiimace,  mixed  with 
a  proportion  of  limestone,  which  being  calcined  by  the  heat, 
yields  lime,  which  seizes  upon  the  silicic  acid,  and  the  oxide 
of  iron  being  set  free,  is  immediately  reduced  by  the  carbon 
of  the  fuel  with  which  it  is  in  contact,  and  produces  metallic 
iron.  The  lime,  the  silica,  and  the  alumina,  being  melted 
together,form  a  substance,  of  a  nature  somewhat  between  glass 
and  porcelain,  which  floats  upon  the  mass  of  melted  metal, 
and  constitutes  the  slags  or  scoriss  of  the  iron  furnaces. 

In  the  case  of  ores  containing  arsenic,  of  which  only  the 
arseniurets  of  cobalt  and  nickel  are  of  technical  importance, 
the  method  followed  is  to  roast  the  ore  in  a  furnace,  so  con- 
structed, as  that  a  powerful  oxidizing  action  shall  be  pro- 
duced by  a  current  of  air  streaming  over  the  ignited  ore ; 
both  metals  being  thus  oxidized,  arsenious  acid,  and  oxide  of 
cobalt,  or  of  nickel  are  produced;  the  greater  part  of  the 
former  is  expelled  by  the  heat,  and  being  carried  off  by  the 
draught,  is  conducted  into  large  chambers,  where  it  is  gra- 
dually deposited  under  tl^e  form  of  a  fine  white  powder 
upon  the  walls  and  floor.    The  metal  with  which  the  arsenic 
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had  been  combined  remains,  in  the  state  of  oxide  united  with 
a  little  arseniotts  acid,  and  is  subsequently  extracted  or  em- 
ployed in  other  processes. 

The  reduction  of  a  metal  firom  the  state  of  sulphuret  is 
frequently  effected  upon  the  small  scale  by  fusion  with  a 
mixture  of  lime  and  charcoal,  or  of  carbonate  of  potash  and 
charcoal,  which  last  is  fiuniliarly  termed  black  flux.  The 
theory  of  this  process  is  very  simple.  Thus,  if  sulphuret  of 
antimony,  lime,  and  charcoal  be  melted  together,  the  sul- 
phur oHnbines  with  the  calcium  of  the  lime,  the  oxygen  of 
which  unites  with  the  antimony,  SbaSs  and  S.CaO  giving 
3.CaS  and  SbsO).  This  last  is  then  decomposed  by  the 
charcoal,  the  oxygen  combining  with  the  carbon,  and  tiie 
metallic  antimony  separates. 

The  black  flux  used  in  such  operations  is  prepared  by 
deflagrating  together  equal  parts  of  nitre  and  cream  of  tartar; 
the  nitrogen  and  oxygen  of  the  former  unite  with  the  carbon 
and  hydrogen  of  the  latter,  forming  carbonic  acid,  nitro* 
gen,  and  water :  the  potash  of  both  remain  behind  as  car- 
bonate, mixed  with  tiie  excess  of  carbon  which  had  escaped 
combustion.  If  two  parts  of  nitre  be  used  witii  one  of  cream 
of  tartar,  there  remains  after  deflagration  a  white  mass  of 
carbonate  of  potash,  which  is  known  as  white  flux,  and  used 
in  processes  where  tiie  deoxidizing  effect  of  the  carbon  is 
not  required.  Thus,  for  the  reduction  of  chloride  Of  silver, 
it  is  sufficient  to  fiise  it  with  half  its  weight  of  white  flux, 
the  chlorine  combines  with  tiie  potassium,  and  the  silver, 
which  at  a  lower  temperature  would  have  united  with  the 
oxygen  and  carbonic  acid,  is  separated,  those  two  bodies 
escaping  in  tiie  gaseous  form.  The  formula  of  the  reaction 
being  tiiat  KO.CO9  and  Cl.Ag  give  K.Cl  and  free  Ag, 
whilst  O  and  CO3  are  driven  off. 

Hydrogen,  although  inapplicable  to  the  reduction  of  the 
metals  upon  the  large  scale,  and  for  the  purposes  of  the 
arts,  is  yet  to  the  chemist  a  most  valuable  agent  for  this 
office,  as  it  acts  upon  all  varieties  of  metallic  combinations, 
whether  oxides,  chlorides,  or  sulphurets ;  and  that  the  re- 
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suits  it  gives  are  so  accurate,  as  to  serve  as  bases  for  some  of 
the  most  fundamental  propositions  of  the  science.  Thus, 
we  have  ahready  seen  that  the  composition  of  water  is  best 
determined  by  the  action  of  hydrogen  gas  upon  oxide  of 
copper,  and  in  analytical  investigations,  the  isolation  of  a 
metal,  by  decomposing  its  chloride  or  sulphuret,  in  a  stream 
of  hydrogen  gas,  is  frequently  employed.  The  deoxidizing 
action  of  hydrogen  is  occasionally  used  in  an  indirect  man- 
ner. Thus,  a  very  convenient  mode  of  obtaining  silver  from 
the  chloride,  consists  in  fusing  it  with  some  common  resin : 
this  consists  of  carbon,  hydrogen,  and  oxygen,  of  which 
only  the  hydrogen  is  active ;  it  combining  with  the  chlorine 
carries  it  off  as  muriatic  acid  gas,  whilst  the  metallic  silver 
is  separated.  If  the  chloride  of  silver  be  difiused  through 
water  rendered  slightly  acid,  and  a  slip  of  zinc  be  introduced, 
an  evolution  of  hydrogen  commences,  and  the  silver  sepa- 
rates as  a  fine  metallic  powder,  according  as  the  zinc  dis- 
solves. But  the  action  is  here  more  properly  galvanic;  an 
equivalent  (32*3)  of  zinc  combining  with  the  chlorine,  in 
place  of  each  equivalent  (108)  of  silver,  which  is  set  free. 
The  precipitation  of  copper,  from  the  water  of  copper  mines, 
which  hold  sulphate  of  copper  dissolved,  by  dipping  therein 
pieces  of  iron,' and  indeed  all  cases  of  the  precipitation  of 
one  metal  by  another,  are  Tcferrible  to  the  same  source. 

The  physical  agent,  electricity^  which  has  been  already 
found  to  influence  chemical  action  to  so  remarkable  a  de- 
gree, has  been  employed  with  considerable  success  in  the  re- 
duction of  certain  metals.  .  It  was  first  applied  by  Davy, 
who  thereby  made  his  wonderful  discoveries  of  the  composi- 
tion of  the  alcalies  and  earths.  It  has  been  totally  super- 
seded in  that  point  of  view,  by  simpler  processes  but  has  re- 
cently been  applied  by  Becquerel,  upon  the  large  scale,  to 
the  extraction  of  the  precious  metals  from  their  ores. 

There  are  many  other  methods  of  reduction,  which,  how- 
ever, being  limited  in  their  application  to  individual  metals, 
will  form  more  properly  a  part  of  their  special  history. 


CHAPTER  XIII. 

OF  THE  INDIVIDUAL  METALB,  AND  OP  THEIR  COMPOUNDS 
WITHOXTOEN,  SULPHUR,  SELENIUM,  AND  PHOSPHORUS. 

SECTION  I. 

METALS  OF  THE  FIRST  CLASS. 

Of  Potassium. 

Potassium  is  the  metallic  basis  of  the  alcali  potash.  It 
was  originally  discovered  by  Sir  Humphrey  Davy,  who  ob- 
tained it  by  submitting  a  stick  of  caustic  potash,  slightly 
moistened,  so  as  to  be  a  conductor  of  electricity,  to  the  action 
of  a  powerful  galvanic  battery;  the  water  and  the  potosh  were 
simultaneously  decomposed;  oxygen  being  evolved  at  the 
positive  electrode,  whilst  hydrogen  and  potassium  were 
separated  at  the  negative  wire.  From  the  heat  generated 
by  the  intense  power  used,  the  metallic  globules  generally 
burned,  as  soon  as  they  came  into  contact  with  the  air,  and 
it  was  with  difficulty  that  a  quantity  was  obtained  sufficient 
for  the  important  researches  in  which  it  was  employed  by  its 
illustrious  discoverer.  By  using  mercury  as  the  negative 
electrode,  the  decomposition  can  be  eflfected  by  a  much 
weaker  force,  and  even  with  a  single  pair  of  plates,  as  in  the 
arrangement  of  Dr.  Bird,  described  in  p.  321. 

The  decomposition  of  potash,  by  -truly  chemical  means, 
is  due  to  6ay-Lussac,  but  it  is  by  the  process  of  Brunner, 
that  the  metal  is  now  universally  obtained.  As  it  is  carried 
on  only,  however,  in  the  most  extensive  and  best  appointed 
laboratories,  a  very  short  sketch  of  it  will  suffice  here. 

Cream  of  tartar,  which  consists  of  tartaric  acid  united  to 
potash,  is  to  be  ignited  in  a  covered  crucible,  until  there  re- 
mains a  mass  of  carbonate  of  potash  mixed  with  carbon  in  a 
state  of  very  minute  division,  and  this  mass  is  to  be  inti- 
mately mixed  whOst  still  hot,  with  a  quantity  of  coarsely 
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powdered  wood  charcoal,  which  serves  to  render  the  whole 

porousy  so  as  to  allow  of  the  escape  of  the  gases  generated 

in  its  interior  without  its  swelling  up.     The  material  so  pre- 

paredy  is  introduced  into  an  iron  bottle,  such  as  those  in 

which  quicksilver  is  imported ;  to  the  mouth  of  the  bottle, 

which  is  laid  horizontally  in  a  wind  furnace,  is  adapted  a 

short  iron  tube,  passing  to  a  copper  condenser  partly  filled 

with  rectified  naptha,  and  so  constructed  with  partitions,  as  to 

exclude  the  air,  whilst  there  passes  through  it  a  stout  iron 

wire,  terminated  by  a  screw,  with  which  the  iron  tube  can 

be  cleared  of  any  solid  material  that  might  be  deposited 

in  it.    The  apparatus  being  so  arranged,  and  the  receiver 

surrounded  by  ice,  a  fire  is  lighted  in  the  furnace,  and  when 

the  iron  bottle  has  become  white  hot,  the  decomposition  of 

the  potash  begins,  the  metal  distils  over,  and  condenses  in 

the  receiver  in  globules,  which  are  protected  by  the  naptha, 

in  which  they  sink,  whilst  the  oxygen  of  the  potash  and  of 

the  carbonic  acid  combines  with  carbon,  forming  carbonicacid, 

which  escaping  under  the  partitions  in  the  receiver,  passes 

away;  KO  +  CO,  and  2C  producing  K  and  S-CO.    The 

great  difficulty  and  loss  in  this  process  arises,  however,  from 

a  cause,  which  is  not  at  first  apparent ;   it  is,  that  carbonic 

oxide  and  potassium  unite,  to  form  a  dark  grey  mass,  which 

sublimes,  and  condensing  in  the  short  iron  tube,  renders  the 

screw  necessary  to  keep  the  passage  clear,  and  frequently 

causes  the  failure  of  the  process.  Even  in  the  most  successful 

result,  one-half  of  the  metal  actually  reduced,  is  lost  by  com* 

bining  with  the  carbonic  oxide. 

The  potassium  thus  obtained  is  very  impure,  containing 
much  carbon,  and  a  quantity  of  that  compound  of  carbonic 
oxide,  which  passes  over  into  the  receiver.  To  purify  it,  it  is 
redistilled  in  cast  iron  retorts,  from  which  the  air  has  been 
previously  excluded  by  vapour  of  naptha,  and  it  is  thus  ob- 
tained  in  globules  like  peas,  in  which  state  it  may  be  pre* 
served  under  naptha  perfectly  firee  from  oxygen. 

At  common  temperatures,  potassium  is  soft,  and  may  be 
moulded  in  the  fingers  like  wax.    At  3^,  it  is  quite  brittle 

2  o 
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and  crystallizes  in  cubes;  at  70"^  it  is  pasty,  and  at  150^,  per- 
fectly liquid.  At  a  dull  red  heat  it  boils,  forming  a  green 
vapour,  and  may,  as  described  above,  be  easily  distilled.  It 
is  specifically  lighter  than  water,  its  specific  gravity  being 
0-865. 

The  colour  of  potassium  is  of  a  bluish  white,  but  its  sur- 
face instantly  becomes  grey  when  exposed  to  the  air,  owing 
to  the  absorption  of  oxygen  and  the  formation  of  a  crust  of 
potash.  If  it  be  heated,  it  bums  with  a  vivid  violet  flame. 
So  great  is  its  affinity  for  oxygen,  that  it  decomposes  water, 
and  even  ice,  with  great  violence,  so  much  heat  being 
evolved,  that  if  the  experiment  be  made  in  the  air,  the  hy- 
drogen gas  evolved,  and  the  metal  both  inflame  and  burn  with 
a  fine  violet  colour.  When  the  metal  has  been  all  con- 
sumed, a  globule  of  fused  dry  potash  remains,  which,  when  it 
has  cooled  to  a  certain  degree,  combines  with  water  with  a 
loud  report,  and  instantly  then  dissolves. 

Potassium  is  remarkably  characterized  by  its  great  affi- 
nity for  oxygen,  which  it  abstracts  from  almost  all  bodies ;  thus 
its  use  in  the  preparation  of  boron  and  silicon  has  been 
already  noticed ;  and  although  at  very  high  temperatures 
iron  and  carbon  take  oxygen  from  potassium,  yet  at  a  lower 
degree  of  heat,  oxide  of  iron  and  carbonic  acid  are  both  de- 
composed by  potassium,  carbon  being  deposited  from  the 
one,  and  metallic  iron  separated  from  the  other. 

The  symbol  of  potassium  is  K,  the  initial  of  the  word 
Kalium,  by  which  the  metal  is  designated  by  most  of  the 
continental  chemists ;  the  old  name  kali  being  stiU  retained  in 
preference  to  the  word  potash,  which  has  been  adopted  only 
in  Great  Britain  and  in  France.  The  equivalent  is  490  or 
89*3,  according  to  the  scale. 

Oxicks  of  Poio^Mtfm.— Potassium  combines  with  oxygen 
in  two  proportions,  forming  a  protoxide  KO,  and  a  perox- 
ide KO3. 

The  protoxide  of  potassium  constitutes  the  important 
aJcah potash;  it  can  only  be  obtained  free  from  water,  by  ex- 
posing poti^ssium  to  the  action  of  dry  air,  when  it  is  convert- 


PREPARATION  OF  POTASH.  551 

ed  into  a  white  powder^  which  is  fusible  at  a  red,  and  vola- 
tile at  a  white  heat ;  if  this  substance  be  once  united  with 
waterj  it  cannot  be  separated  from  it,  except  by  combination 
with  an  add.  The  potash  of  commercCi  and  that  used  in  the 
laboratory,  is,  therefore,  always  hydrate  of  potash;  the  dry 
potash,  in  uniting  with  water,  becomes  ignited.  Before  the 
discovery  of  carbonic  acid,  the  alcalies  and  their  carbonates 
were  distinguished  from  each  other,  by  the  epithets  of  mild 
and  caustic,  and  hence  for  medicinal  purposes,  and  in  some 
pharmacopoeias,  the  hydrate  of  potash  is  still  termed  caustic 
potash* 

To  prepare  a  solution  of  potash,  the  carbonate  of  potash 
of  commerce,  derived  from  the  sources  to  be  detailed  in  its 
description,  is  to  be  dissolved  in  ten  parts  of  water,  and  the 
solution  being  made  to  boil  smartly,  is  to  be  decomposed  by 
one  part  of  slacked  lime  in  fine  powder,  which  is  to  be  gra- 
dually added,  the  boiling  being  briskly  kept  up ;  the  lime  ab- 
stracts the  carbonic  acid  from  the  potash,  and  carbonate  of 
lime  is  formed,  which  at  that  temperature,constitutingminute 
crystals  of  arragonite,  is  rapidly  and  completely  deposited. 
The  clear  liquor  is  to  be  tested  occasionally  by  adding  to  a 
small  quantity  of  it,  an  excess  of  muriatic  acid ;  as  soon  as  the 
absence  of  effervescence  shews  that  all  the  alcaline  carbo- 
nate has  been  decomposed,  the  pan  is  to  be  removed,  and 
being  laid  aside,  carefully  covered,  until  the  carbonate  of 
lime  has  been  well  settled,  the  clear  liquor  may  be  siphoned 
off.     The  decomposition  of  the  carbonate  of  potash  by  the 
lime  would  take  place  also  at  ordinary  temperatures,  but 
the  precipitate  would  be  in  the  rhombohedral  form,  and 
being  specificaUy  lighter  aind  more  finely  divided,  should  oc- 
cupy much  more  room,  and  could  not  separate  so  welL    If 
the  carbonate  of  potash  be  dissolved  in  less  than  six  parts  of 
water,  it  is  not  decomposed  by  lime;  on  the  contrary,  when 
a  atrong  solution  of  caustic  potash  is  boiled  with  carbo- 
nate of  Hme,  carbonate  of  potash  is  produced,  and  lime  set 
free. 

When  the  solution  of  caustic  potash  is  evaporated  in  a 

So  g 
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basin  of  iron  or  silver,  or  platiua,  there  remains  a  liquid 
which  solidifies  on  cooling,  into  the  hydrate  of  potcuh^ 
KO .  HO.  This  liquid  is  generally  run  into  cylindrical  moulds, 
in  which  form  the  caustic  potash  or  fused  potash  of  the 
shops  is  generally  found*  In  this  state,  it  is,  however,  im- 
pure, and  it  requires  to  be  freed  from  the  admixed  sulphate 
and  carbonate  of  potash,  chloride  and  peroxide  of  potassium, 
and  oxide  of  iron,  which  it  generally  contains,  by  being  dis- 
solved in  absolute  alcohol,  the  solution  evaporated  to  dryness, 
and  the  remaining  potash  fused  a  second  time. 

Hydrate  of  potash  is  a  pure  white  solid,  of  a  crystalline 
fracture ;  it  fuses  below,  redness.  In  the  fingers,  it  has  a 
peculiar  soapy  feel,  owing  to  its  dissolving  the  cuticle  with 
which  it  forms  a  kind  of  soap ;  it  acts  powerfully  on  all 
organic  tissues,  dissolving  and  decomposing  them,  and  hence 
its  use  in  surgery,  and  its  name  of  caustic  potash.  It  dis- 
solves in  water,  with  the  evolution  of  considerable  heat ;  a 
concentrated  solution  of  it  crystallizes  when  exposed  to 
cold,  in  rhombic  ochohedrons,  whose  composition  is  KO  -f- 
5HO. 

The  solution  of  potash  is  preeminently  alcaline,  it  neu- 
tralizes the  strongest  acids,  browns  turmeric  paper,  and  re- 
stores the  blue  colour  of  litmus  paper  reddened  by  an  acid. 
It  absorbs  carbonic  acid  rapidly  from  the  air,  and  must 
hence  be  preserved  in  close  vessels.  It  acts  rapidly  on 
glass  containing  much  alcali  or  lead,  and  hence  should  be 
preserved  in  bottles  of  common  green  glass. 

The  uses  of  potash  in  chemistry  are  too  numerous  to 
mention ;  it  being  the  strongest  base,  is  employed  in  almost 
all  cases  of  saline  decomposition,  and  its  various  compounds 
are  of  great  importance  in  the  chemical  arts,  of  which  many 
will  be  noticed  hereafter  in  detail. 

Potash  is  distinguished,  when  free,  first  by  its  general  al- 
caline characters  and  by  its  not  being  precipitated  by  carbonate 
of  soda,  which  separates  it  from  every  thing  but  soda  and  am- 
monia. From  the  latter  it  is  known  by  the  brown  stain  pro- 
duced on  turmeric  paper  being  permanent,  whereas  the  brown 
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colour  produced  by  ammonia  disappears  when  the  paper  is 
warmed;  and  from  soda  it  is  known  by  giving  with  an  excess 
of  the  perchlorici  tartaric  and  hydrofluosilicic  acids,  sparingly 
soluble  salts,  whereas  the  soda  salts  of  these  acids  are  all 
easily  soluble.  A  solution  of  potash  if  neutralized  by  muri- 
atic acid,  gives,  on  the  addition  of  chloride  of  platinum,  a  fine 
yellow  precipitate,  whereas  with  a  solution  of  soda,  no  pre- 
cipitation occurs. 

The  salts  of  potash  act  in  all  respects  similarly,  except 
that  as  there  is  no  alcali  in  excess,  the  action  on  vegetable 
colours  is  not  that  of  an  alcali.  The  salts  of  ammonia  re- 
semble precisely  the  salts  of  potash  in  their  action  on  those 
precipitants  described  above,  but  they  are  at  once  dis- 
tinguished by  the  application  of  heat.  The  salts  of  ammonia 
are  all  volatilized,  either  with  or  without  decomposition,  by  a 
red  heat,  whilst  those  of  potash  are  fixed,  and  give  to  the 
flame  of  the  blowpipe  a  distinct  and  characteristic  violet 
tinge. 

Potash  consisting  of  an  equivalent  of  each  element,  its 
formula  is  K  .O  and  its  composition 

Potassium,    83,05  One  equivalent  =  490  or  ^39.3 
Oxygen,       16.95  One  equivalent  =  100  or    8.0 

100.00  590      TlS 

Peroxide  of  Potassium.  KO3.— This  substance,  which  is 
of  very  little  importance,  is  formed  by  burning  potassium  in 
an  excess  of  oxygen  gas  ;  it  is  a  yellow  powder,  decomposed 
by  water,  potash  dissolving,  and  oxygen  being  given  off. 
When  hydrate  of  potash  is  heated  to  redness  in  air,  some 
peroxide  is  always  formed,  and  hence  the  fused  potash  of  the 
shops  generally  gives  off  minute  bubbles  of  oxygen  gas  when 
dissolved  in  water. 

Sfdphurets  of  Potassium. — When  potassium  is  gently 
heated  in  contact  with  sulphur,  they  unite  with  brilliant 
combustion,  and,  according  to  the  proportions  in  which  they 
were  employed,  form  the  sulphurets  of  potassium,  of  which 


554  8ULPHURETS  OF  POTASSIUM. 

there  are  altogether  four.  These  hodiesare,  however,  always 
prepared  in  practice  by  more  economical  processes. 

If  sulphate  of  potash  be  ignited  in  a  glass  tube,  and  a 
current  of  dry  hydrogen  gas  be  passed  over  it,  all  the  oxygen 
both  of  acid  and  base  is  removed  in  the  state  of  water,  and 
proiaudphurei  of  potassium  remains.  Thus,  KO.SO3  and 
4H  produce  4 .HO  and  K.S.  The  same  result  follows 
from  Igniting  strongly,  in  a  crucible,  a  mixture  of  charcoal 
and  sulphate  of  potash,  all  the  oxygen  is  removed,  as  car- 
bonic oxide,  and  the  sulphur  and  the  potassium  remain  in 
combination.    KO .  SO3  and  4C  giving  4 .  CO  and  K  •  S. 

This  protosulphuret  is  of  a  brown  colour,  fusible  below  a 
red  heat,  easily  soluble  in  water,  and  its  solution  is  yellow, 
and  reacts  highly  alcaline  and  caustic.  When  exposed  to 
the  air  it  absorbs  oxygen  rapidly ;  and  in  preparing  it  from 
sulphate  of  potash,  by  carbon,  if  lampblack  be  used,  so  that 
the  product  shall  be  in  a  state  of  very  minute  division,  it 
takes  fire  spontaneously  on  coming  into  contact  with  the  air^ 
constituting  Si,  pyrophorus.  If  the  protosulphuret  of  potas- 
sium be  acted  upon  by  acids,  water  is  decomposed,  K.S  and 
H.O  giving  K.O  and  H.S  ;  the  potash  remains  united  with 
the  acid,  and  the  sulphuret  of  hydrogen  is  given  off.  No 
solid  sulphur  is  deposited,  and  the  liquor  remains  clear. 

A  solution  of  the  protosulphuret  dissolves  sulphur  in 
large  quantity,  the  higher  sulphurets  being  formed.  It 
absorbs  sulphuretted  hydrogen  in  such  proportion  that  a 
compound  is  produced,  K'.S  +  H.S,  exactly  similar  to  the 
hydrate  of  potash,  K.O  +  H.O. 

The  iersulphuret  of  potassium  corresponds  to  the  per- 
oxide, its  formula  being  K.S3.  It  constitutes  the  mass  of 
the  hepar  sulphuris,  liver  of  sulphur,  of  the  pharmacopoeias. 
It  may  be  prepared  by  fusing,  at  a  low  red  heat,  one  part  of 
sulphur  and  two  of  carbonate  of  potash ;  the  mass  being  kept 
liquid  as  long  as  it  effervesces  from  carbonic  acid  gas  being 
evolved.  In  this  reaction,  a  quantity  of  oxygen  from  the 
potash  combines  with  one  portion  of  the  sulphur,  forming 
hyposulphurous  or  sulphuric  acid,  according  to  the  tern- 


wm 


SODIUM  AND  SODA.  555 

peratiire,  whilst  the  remainder  of  the  sulphur  combines  with 
the  potassium,  producing  a  sulphuret^  the  composition  of 
which  is  determined  by  the  quantity  of  sulphur  present. 
With  the  above  proportions  the  reaction  may  be  considered 
thus,  4(KO  +  CO2)  and  lOS  give  S.KS3  and  RO.SO3, 
which  constitute  the  fused  mass,  whilst  4CO3  is  driven  off 
with  effervescence*  It,  however,  equal  weights  of  carbonate 
of  potash  and  of  sulphur  had  been  employed,  the  sulphuret 
formed  contains  five  equivalents  of  sulphur,  it  is  the  penta- 
sulphuret 

These  sulphurets  resemble  each  other  completely  in  ex- 
ternal appearance ;  they  are  liver  brown,  they  deliquesce  in 
the  Mr,  and  absorb  oxygen  rapidly.  Their  solutions,  which 
are  at  first  deep  yellow,  become  colourless  by  uniting  with 
oxygen,  hyposulphite  of  potash  being  formed,  and  sulphur 
precipitated.  If  a  solution  of  the  tersulphuret  or  pentasul- 
phuret  be  treated  with  an  acid,  water  is  decomposed,  and 
potash  being  formed,  sulphuret  of  hydrogen  is  produced ; 
the  remaining  sulphur  then  separates  in  a  state  of  very 
minute  division,  and  of  a  milk  white  colour,  constituting  the 
lac  sulphuris,  or  the  sulphur  precipitaium  of  pharmacy.  If 
the  acid  employed  be  strong  and  in  great  excess,  a  quantity 
of  bisulphuret  of  hydrogen  is  formed,  as  explained  in  page 
478. 

Rose  is  of  opinion  that  the  whiteness  of  precipitated 
sulphur  depends  not  merely  upon  its  minute  division,  but 
that  it  is  owing  to  the  presence  of  a  trace  of  bisulphuret  of 
hydrogen.  When  the  kepar  sulphuris  is  decomposed  by 
an  acid,  it  is  not  merely  that  the  excess  of  sulphur  is  set 
free,  but  in  addition,  as  there  is  always  hyposulphurous  acid 
present;  this,  when  evolved,  acts  on  the  sulphuretted  hydro- 
gen, and  the  sulphur  of  both  is  precipitated,  water  being 
formed.    SOa  and  2HS  giving  2 .HO  and  2S. 

The  perUasulphuret  of  potassium  is  prepared  perfectly 
pure  by  decomposing  sulphate  of  potash  by  sulphuret  of 
hydrogen,  at  a  red  heat.  Thus,  KO .  SO3  and  4HS  give 
KS5  and  4HO.    This  reaction  supports  very  much  the  view 
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that  this  pentasulphuret  is  really  sulphate  of  potash^  in 
which  the  oxygen,  both  of  acid  and  base,  is  replaced  by 
sulphur,  for  K.S5  may  be  constituted  of  KS  and  S.S3. 

The  seleniurets  of  potassium  are  similar  in  constitution 
to  the  sulphurcts.  They  evolve  seleniuret  of  hydrogen 
when  treated  by  acids ;  with  precipitation  of  selenium  when 
it  is  present  in  greater  proportion  than  one  equivalent 

OfSoJUum. 

Sodium  exists  in  great  quantities  in  the  mineral  king- 
dom, especially  combined  with  chlorine,  as  common  salt,  of 
>^^    which  enormous   deposits  are  found  in  England,  Poland, 
v\    and  elsewhere,  besides  forming  the  leading  saline  ingredient 
\^    of  the  waters  of  salt  lakes  and  of  the  ocean.    It  is  found  in 
many  minerals,  and  is  remarkably  prevalent  in  the  animal  fluids, 
all  of  which  contain  common  salt.    It  is,  indeed,  from  the 
chloride  of  sodium  that  we  derive,  whether  directly  or  indi- 
rectly, all  the  supplies  of  the  various  compounds  of  this  metal. 
The  discovery  of  sodium  was  made  in  the  same  manner 
and  immediately    subsequent    to    that    of   potassium,    by 
Humphrey  Davy,  and  it  is  now  prepared  in  exactly  the 
same  manner  as  that  metal.     It  is,  however,  much  more 
easily  prepared,  its  reduction  does  not  require  so  high  a 
temperature,  and  it  does  not  unite  with  carbonic  oxide,  so 
that  the  formation  of  the  black   sublimate,  which  is  the 
principal  source  of  loss  and  failure  in  preparing  potassium, 
does  not  occur. 

Sodium  is  lighter  than  water,  its  sp.  gr.  being  0*972 ;  it 
consequently  floats  upon  that  liquid ;  and  when  a  globule  of 
the  metal  is  thrown  into  a  basin  of  water,  this  is  decomposed 
with  great  rapidity,  hydrogen  being  evolved ;  but  the  action 
is  not  so  energetic  as  with  potassium ;  the  gas  does  not  take 
fire  spontaneously.  But  if  the  globule  be  prevented  from 
moving  about,  the  water  becomes  heated,  and  the  action  in- 
creases so  much  as  to  set  fire  to  the  gas ;  this  occurs  when 
there  is  so  little  water  that  the  globule  does  not  swim,  or 
when  it  is  fastened  to  the  edge  of  the  vessel,  or  if  the  water 
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be  thickened  by  gum  or  starch.  If  some  oil  of  vitriol  be  add- 
ed to  the  water,  the  action  is  so  much  more  active,  that 
combustion  occurs  even  when  the  metallic  globule  moves 
rapidly  about* 

The  symbol  of  sodium  is  Na«  derived  from  the  word 
Natrium,  as  soda  still  retains  in  many  countries,  the  name 
Natron.    Its  equivalent  numbers  are  291  or  23*3. 

Sodium  unites  with  oxygen  in  two  proportions,  forming 
the  protoxide  of  soda,  NaO,  and  the  peroxide,  of  which  the 
constitution  is  not  exactly  known.  This  last  is  prepared  just 
as  the  peroxide  of  potassium,  which  it  resembles  completely 
in  its  properties.    The  former  only  requires  detailed  notice. 

The  preparation  of  dry  soda  is  effected  like  that  of 

potash,  by  heating  the  metal  in  dry  air  or  oxygen.    It  is 

greyish  white,  and  absorbs  water  with  excessive  power. 

From  the  hydrate  of  soda  the  water  can  be  expelled  only 

by  an  acid.    The  caustic  soda  is,  therefore,  always  like 

caustic  potash,  a  hydrate  of  the  alcali.     For  the  preparation 

of  caustic  soda  the  same  process  is  to  be  followed  as  for  that 

of  potash.    The  carbonate  of  soda  of  commerce,  dissolved 

in  boiling  water,  is  decomposed  by  slaked  lime,  it  being 

necessary,  however,  to  use  one-third  more  lime,  from  the 

smaller  equivalent  number  of  soda.    The  solution  of  caustic 

soda  resembles  that  of  caustic  potash  in  all  its  alcaline  cha« 

racters,  but  that  its  action  is  not  so  intense.    It  is  a  weaker 

alcalj ;  its  salts  being  decomposed  in  all  cases  by  potash. 

The  soda  consists  of  an  equivalent  of  each  element;  its 
formula  is  Na.O,  and  its  composition 

Sodium,  74-42  One  equivalent  =  291  or  23*3 
Oxygen,  25'58  One  equivalent  =  100  or    8*0 

100-00  391       81-3 

The  detection  of  soda  is  Very  simple.  On  adding  to  a 
solution  of  the  substance  to  be  examined  a  solution  of  car- 
bonate of  soda,  if  there  be  no  precipitate  produced,  the 
base  of  tbe  salt  present  must  be  an  alcali.     On  then  apply • 
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ing  the  varioos  teste  for  potash  and  for  ammonia  detailed  in 
the  last  sectioni  if  no  evidence  of  its  presence  be  obtained, 
the  alcali  must  be  soda ;  and  even  where  potash  also  is  pre- 
senti  a  small  quantitj  of  soda  may  be  recognised,  by  its 
tinging  the  flame  of  the  blowpipe  of  a  fine  yellow  colour. 

The  compounds  of  soda  are  very  numerous  and  impor- 
tant, and  will  be  described  in  their  proper  place,  among  the 
salts. 

The  sulpfaurets  of  sodium  resemble  so  completely  the 
sulphurets  of  potassium,  as  not  to  require  more  than  a  refe- 
rence to  their  description.  To  the  seleniurets  of  sodium 
the  same  remark  applies. 

LUhium. 

This  metal  is  found  only  in  a  few  minerals,  of  which  one 
of  the  most  common,  spodumene,  occurs  at  Killiney,  near 
Dublin.  This  mineral  is  a  double  silicate  of  the  alcali 
Ethia  (oxide  of  lithium)  and  alumina.  The  metal  has 
been  obtained  by  Toltaic  decomposition,  but  only  in  very 
small  quantity.  It  is  white,  like  sodium,  and  becomes  oxi- 
dized immediately  on  exposure  to  the  air.  Its  symbol  is  L, 
and  its  eqtdvalent  number  80*3  or  6*4. 

To  obtain  lithia,  the  simplest  process  is  to  mix  the  mineral 
containing  it,  (generally  lepidoHte  or  spodumene)  previously 
reduced  to  very  fine  powder,  with  fluor  spar,  and  digest  the 
mass  with  oil  of  vitriol,  untfl  it  is  completely  decomposed; 
the  silica  is  carried  ofi'by  the  hydrofluoric  acid,  (see  page 
529,)  and  the  lime,  the  alumina,  and  the  lithia  remain  com- 
bined with  the  sulphuric  acid.  By  the  action  of  a  small 
quantity  of  water,  the  sulphates  of  lithia  and  alumina  are 
dissolved  out,  and  the  last  then  precipitated  by  ammonia. 
The  sulphates  of  lithia  and  ammonia  being  then  ignited,  the 
sulphate  of  ammonia  is  decomposed,  and  the  sulphate  of 
lithia  obtained  pure«  This  is  but  a  general  outline  of  the 
process,  which  requires  many  additional  operations  for  a 
fully  successful  result. 

Lithia  is  distinguished  from  the  other  alcalies  by  the 
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sparing  solubiiity  of  its  carbonate^  in  which  character  it  ap« 
prozimates  to  the  property  of  the  earths^  thus  connecting 
the  two  classes  of  metals.  Being  so  rarely  found,  and  of  no 
application  in  the  arts,  its  history  u  not  of  much  impor* 
tance. 

lithia  is  recognized  by  the  sparing  solubility  of  its  car^ 
bonate»  and  by  tinging  the  flame  of  the  blowpipe  of  a  bril- 
liant red  colour.  This  last  character  easily  distinguishes  it 
from  soda.  Lithia  is  a  protoxide,  its  formula  being  L.O ; 
its  equivalents  180*3  or  14*4. 

The  sulphurets  and  seleniurets  of  lithium  do  not  possess  ' 
any  interest. 

The  alcali  ammonia  might,  on  one  hypothesis  of  its 
nature,  be  described  here.  When  combined  with  hydrogen 
it  is  considered  by  Berzelius  and  many  other  chemists  to 
form  a  remarkable  compound  metal,  ammofdnm,  NH4,  whose 
relations  to  potassium  are  of  an  exceedingly  intimate  kind ; 
and  the  salts  of  ammonia,  which  contain  ammonia  and  water, 
NH3  +  HO,  are  looked  upon  as  consisting  of  an  oxide  of 
that  metal,  NHi.O  in  combination  with  an  add.  I  prefer, 
however,  to  study  the  history  of  ammonia,  and  all  the  classes 
of  compounds  into  which  it  enters,  among  the  bodies  of  or* 
ganic  origin. 

Barium. 

Barium  is  found  exclusively  in  the  mineral  kingdom, 
where  its  oxide,  barytes,  is  the  basis  of  several  minerals,  as 
the  sulphate  and  carbonate,  which  are  the  usual  sources  from 
which  it  is  obtained  for  use. 

The  metal  barium  was  discovered  by  Sir  Humphrey 
Davy,  immediately  after  the  discovery  of  the  basis  ef  the 
alcalies.  It  may  be  prepared  by  voltaic  action,  as  described 
under  the  head  of  potassium,  or  much  better,  by  passing 
the  vapour  of  potassium  over  barytes  heated  to  redness ; 
the  potassium  takes  the  oxygen  of  the  barytes  and  the  ba» 
rium  u  set  free.    By  washing  the  residue  with  mercury, 
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the  metallic  barium  is  dissolved  out,  and  the  mercury  being 
then  distilled  off  in  a  retort  of  hard  glass,  the  barium  remains 
behind ;  it  is  a  white  metal  like  silver ;  it  fuses  below  a  red 
heat ;  it  is  denser  than  oil  of  vitriol :  it  decomposes  water 
with  great  rapidity,  evolving  hydrogen  gas  and  forming  ba- 
rytes,  (oxide  of  barium.) 

The  name  barium  is  derived  from  fiapv^,  heavy ;  the  na^e 
sulphate  of  barytes  having  been  called  formerly  terra  pande- 
rasa  or  heavy  spar.  Its  symbol  b  Ba;  its  equivalent  numbers 
856-9  or  68-7. 

Barium  combines  with  oxygen  in  two  proportions,  form- 
ing a  protoxide  which  is  the  earth  barytes,  Ba.O  and  a 
deutoxide,  BaOs*  The  preparation  of  this  last  has  been  de- 
scribed so  fully  when  explaining  its  only  important  use,  the 
formation  of  deutoxide  of  hydrogen,  (p.  419,)  that  it  need  not 
be  further  noticed  here.  The  protoxide,  barytes,  is,  how- 
ever, one  of  the  most  important  earths. 

To  procure  pure  barytes,  the  nitrate  of  barytes  is  to  be 
gently  heated  to  redness  in  a  porcelain  crucible.    It  fiises  at 
a  dull  red,  and  boils  briskly  from  the  rapid  escape  of  oxygen; 
when  this  has  terminated,  there  remains  a  grey  loosely  cohe- 
rent powder,  which  is  barytes.     The  melted  salt  is  in  this 
process  very  apt  to  froth  up,  so  much  as  to  overflow,  unless 
the  vessel  be  of  considerable  size;  this  is  very  simply  avoided 
by  mixing  the  nitrate  of  barytes,  before  hand,  with  twice  its 
weight  of  sulphate  of  barytes  in  fine  powder.    When  the 
nitrate  melts,  the  sulphate  gives  the  mass  a  degree  of  con- 
sistence which  prevents  its  frothing  up,  and  on  boiling  the  re- 
sidual mass  with  water,  all  the  pure  barytes  dissolves,  the 
sulphate  remaining  totally  unacted  on. 

If  the  native  carbonate  of  barytes,  BaO.COs»  be  strongly 
heated  with  carbon,  the  carbonic  acid  is  converted  into  car- 
bonic oxide,  which  passes  off,  and  pure  barytes  remains  be- 
hind. BaO.COs  and  C  giving  BaO,  andS.CO;  the  former 
process  is,  however,  so  much  easier,  that  it  alone  is  now 
usually  employed.  Graham  has  suggested  the  employment 
of  iodate  of  barytes  as  a  substitute  for  the  nitrate ;   other 
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processes  will  be  described  under  the  head  of  sulphuret  of 
barium. 

Pure  bary tes  is  a  heavy  grey  powder ;  when  exposed  to 
the  air,  it  absorbs  water  rapidly,  giving  out  much  heat 
and  fiedling  into  a  fine  white  powder,  hydrate  of  baryies, 
BaO  +  HO.  Another  hydrate  may  be  obtained  crystallized, 
by  dissolving  bary  tes  in  three  parts  of  boiling  water,  and 
allowing  the  solution  to  cool  slowly ;  it  contains  nine  equi- 
valents of  water.  The  solution  of  bary  tes  is  very  caustic  and 
alcaline;  exposed  to  the  air,  it  absorbs  carbonic  acid,  and  a  ' 
white  precipitate  of  carbonate  of  bary  tes  is  formed ;  it  is 
hence  used  to  determine  the  quantity  of  carbonic  acid  pre- 
sent in  the  air,  (p.  4S7,)  and  in  some  other  cases. 

The  detection  of  barytes  is  very  simple ;  its  soluble 
compounds  give  white  precipitates  with  carbonate  of  soda, 
with  sulphuric  acid,  and  with  hydrofluosilicic  acid,  and  none 
of  these  are  affected  by  a  solution  of  sulphuretted  hydrogen 
gas  in  water.  The  sulphate  of  barytes  is  not  merely  inso- 
luble in  water,  but  also  in  nitric  and  muriatic  acids,  which  is 
a  further  characteristic  of  this  earth. 

The  formula  of  barytes  is  Ba.  O,  and  its  composition 

Barium,    89-55  One  equivalent  =  866-9  or  68-7 
Oxygen,  10*45  One  equivalent  =  lOO'O  or    8-0 

100-00      .  956-9       767 

The  soluble  compounds  of  barytes  are  all  poisonous, 
and  the  carbonate,  although  insoluble  in  water,  is  yet  dis- 
solved by  the  free  acids  of  the  stomach  and  becomes  poison- 
ous. The  antidote  to  all  bary  tic  preparations  is  sulphate  of 
soda,  or  sulphate  of  magnesia,  administered  in  excess;  the 
sulphate  of  barytes  then  produced  is  absolutely  inert. 

Sulphuret  of  Barium. — Ba .  S.  This  body  is  of  considerable 
interest,  as  the  source  of  barytes  and  of  most  of  its  ordinary 
compounds  ;  to  prepare  it,  sulphate  of  barytes  in  fine  powder 
is  to  be  mixed  with  one-fourth  of  its  weight  of  lampblack, 
and  exposed  to  a  very  strong  heat  for  two  hours;  the  carbon 
removes  all  the  oxygen  from  the  salt;  carbonic  oxide  is 
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evolved,  and  sulpharet  of  barium  remains;  BaO.SOs  and 
4C,  giving4.CO  and  Ba.S.  The  mass  thus  obtained  is  to 
be  boiled  in  water ;  a  deep  yellow  solution  is  then  produced, 
from  which  the  sulphuret  of  barium  crystallizes  on  cooling; 
it  is  then  a  hydrate,  but  its  water  of  crystallization  may  be 
removed  by  a  moderate  heat.  The  sulphuret  of  barium  is 
decomposed  by  acids,  sulphuret  of  hydrogen  being  evolved, 
and  a  salt  of  barytes  formed :  it  is  thus  that  the  salts  of 
barytes  are  obtained  for  laboratory  use. 

A  simple  mode  of  obtaining  caustic  barytes  directly  from 
the  sulphuret  of  barium  has  been  recently  given  by  Mobr. 
It  consists,  in  adding  to  a  boiling  solution  of  the  sulphuret, 
black  oxide  of  copper  until  the  whole  of  the  sulphuret  of 
barium  is  decomposed,  as  is  easily  ascertained,  by  adding  a 
drop  of  the  solution  to  a  solution  of  acetate  of  lead ;  the  cop- 
per combines  with  the  sulphur,  whilst  the  barium  and  the 
oxygen  unite,  Ba.  S  and  Cu.O  producing  Ba.O  and  Cu.S. 
This  is  probably  the  simplest  and  cheapest  means  of  obtain- 
ing pure  barytes. 

Of  Strontium. 

This  metal  is  the  basis  of  the  earth  strontia,  protoxide  of 
strontium,  which  exists  native  combined  with  sulphuric  and 
carbonic  acids.  The  native  carbonate  of  strontia  was  first 
found  at  Strontian  in  Scotland,  and  proved  to  contain  an  earth 
different  from  barytes  by  Dr.  Hope.  The  similarity  of  these 
two  earths  is  very  great,  so  that  the  general  outline  of  the 
history  of  strontia  is  tbe  same  as  that  of  barytes. 

The  metal  strontium  is  obtained  precisely  as  barium,  with 
which  it  perfectly  agrees  in  character  so  far  as  its  properties 
have  been  ascertained.  Its  symbol  is  Sr,  and  its  equivalent 
number  547*3  or  438.  To  obtain  strontia  the  same  pro- 
cesses may  be  employed  which  were  described  for  the  pre- 
paration of  barytes,  substituting  the  native  carbonate  or 
sulphate  of  strontia  for  the  compounds  of  barytes.  The 
strontia  is  grey,  slakes  on  exposure  to  the  air,  forming  a 
hydrate,  SrO.HO,  and  by  crystallization  from  its  watery 
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solution,  another  hydrate  SrO  -|-9*HO.  Strontia  is  less  so- 
luble than  barytesi  its  taste  is  not  so  caustic ;  nor  is  it  so 
poisonous. 

Strontia  la  distinguished  from  barytes  by  tinging  the 
flame  of  the  bIo¥rpipe  a  rich  crimson.  The  red  lights  used 
in  fireworks  owe  their  colour  to  nitrate  of  strontia  which 
is  used  in  the  preparation.  Like  barytes,  the  soluble  salts 
of  strontia,  are  precipitated  by  sulphuric  acid,  but  the 
sulphate  of  strontia  is  not  so  very  insoluble  as  sulphate  of 
barytes ;  a  solution  of  strontia  is  also  precipitated  by  carbo* 
Date  of  soda.  The  hydrofiuosilicic  and  the  hyposulphu- 
rous  acids  which  precipitate  barytes,  do  not  precipitate 
strontia,  and  thus  these  earths  may  be  distinguished  and 
separated  from  each  other  j  the  chromic  acid  acts  in  a  similar 
manner. 

The  sulphuret  and  seleniuret  of  strontium  resemble 
perfectly  those  of  barium,  and  are  prepared  in  the  same 
way. 

Of  Calcium. 

The  existence  of  this  metal  was  first  recognized  by  Sir 
Humphrey  Davy,  it  being  obtained  from  lime,  by  the  same  me- 
thod as  that  described  under  the  head  of  barium ;  it  is  white 
like  silver ;  it  sjnks  in  water,  which  it  decomposes  rapidly, 
evolving  hydrogen  and  uniting  with  oxygen,  forms  lime  (pro- 
toxide of  calcium.)  The  symbol  of  calcium  is  Ca,  and  its 
equivalent  number  256  or  20*5. 

Calcium  combines  with  oxygen  only  in  one  proportion, 
forming  lime,  the  most  important  of  the  earths.  It  is  foimd 
very  extensively  distributed  in  the  mineral  kingdom,  princi- 
pally combined  with  sulphuric  and  carbonic  adds, forming  sul- 
phate of  lime  (gypsum,  plaster  of  Paris)  and  carbonate  of  lime 
(marble,  limestone,  chalk.)  These  substances  exist  as  rocks  or 
crystallized,  the  last  constituting  the  mineral  species,  arra- 
gonite  and  calc  spar,  often  referred  to  under  the  heads  of 
crystalline  systems,  isomorphism,  and  dimorphism.  Lime  is 
found  also  combined  with  phosphoric  and  arsenic  acids,  in 
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several  minerab,  and  the  native  fluoride  of  calcium  is  the 
fluor  spar,  used  for  the  preparation  of  the  hydrofluoric  acid 
and  other  compounds  of  fluorine. 

Notwithstanding  the  immense  quantities  of  carbonate  of 
lime  which  are  found  constituting  a  great  proportion  of  the 
surface  of  the  globe,  as  for  instance,  the  whole  centre  of 
Ireland  is  one  vast  plain  of  limestone,  and  in  that  as  well  as 
other  forms,  chalk,  marble,  &c.  it  is  equally  extensive  in  most 
other  countries,  it  is  questionable  whether  lime  should  not 
be  looked  upon  as  rather  a  characteristic  of  the  animal  than 
of  the  mineral  kingdom  of  nature.  The  bony  or  testaceous 
skeleton,  by  which  the  softer  portions  of  the  animal  frame 
are  attached,  is  always  found  to  consist  of  lime  united  either 
with  carbonic  or  phosphoric  acids,  and  the  diversity  of  che- 
mical composition  in  this  respect  is  found  to  coincide  in  a  re- 
markable degree  with  the  most  natural  physiological  classifi- 
cation. The  skeletons  of  the  vertebrated  animals  consist 
principally  of  phosphate  of  lime,  whilst  in  the  shells  of  the 
invertebrate  animals,  the  carbonate  of  lime  is  the  prevalent 
component.  The  teeth  also  consist  of  phosphate  of  lime;  in 
all  these  cases,  the  phosphate  of  lime  is  associated  with  fluo- 
ride of  calcium,  just  as  occurs  in  the  native  phosphate,  the 
mineral  apatite. 

Now  it  is  remarkable,  that  all  the  great  geological  forma- 
tions which  contain  carbonate  of  lime  are  found  to  consist  of 
the  aggregated  skeletons  (shells)  of  myriads  of  the  tribes  of 
iuvertebrated  animals,  which  had  existed  in  some  former 
period  of  the  world's  history.  From  the  densest  and  hardest 
limestone,  to  the  softest  chalk,  the  entire  mass  resolves  itself 
ultimately  into  a  congeries  of  animal  remains,  and  hence  the 
great  supply  of  lime  in  the  mineral  state  arises  from  the  de- 
struction of  its  animal  sources.  Even  those  crystalline 
marbles  in  which  no  organic  remains  can  be  traced,  appear 
destitute  of  them  only  from  having  been  subjected,  by  vol- 
canic heat  or  otherwise,  to  the  influence  of  causes  which  have 
gradually  rendered  the  texture  of  the  mass  completely 
uniform.     The  lime  which  exists  in  nature  must,  therefore. 
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be  looked  upon  as  being  continually  in  a  state  of  passage 
between  the  organized  and  the  inorganic  kingdoms.  The  plants 
which  grow  upon  the  soil  take  up,  by  dissolution  in  their 
jiiicesy  salts  of  lime,  which  pass  into  the  substance  of  the 
animal  which  feeds  upon  them,  and  accumulating  in  its  sys- 
tem, afford  materials  for  the  proper  development  of  the  ske- 
leton. When  the  animal  dies,  the  materials  of  its  tissues 
either  serve  for  the  nutrition  of  some  other  animal,  or  being 
totally  decomposed,  its  elements  return  to  the  mineral  king- 
dom, to  be,  in  after  ages,  the  subject  of  similar  altema* 
tions. 

Lime  is  always  obtained  for  the  purposes  of  chemistry  and 
of  the  arts,  by  the  decomposition  of  the  native  carbonate. 
To  obtain  lime  perfectly  pure,  crystals  of  calc  spar  or  pieces 
of  Carrara  marble  should  be  strongly  heated  in  a  crucible 
loosely  covered,  so  that  the  carbonic  acid  can  readily  escape. 
In  the  presence  of  carbonic  acid,  carbonate  of  lime  is  not 
decomposed  by  heat,  as  was  explained  already  in  p.  S74f. 
On  the  large  scale,  lime  is  obtained  by  burning  the  ordinary 
Kmestone  in  kilns.     At  the  bottom  is  a  grate  on  which  fuel  is 
laid,  and  the  kiln  then  filled  with  limestone  and  fuel,  (culm 
or  small  coal)  mixed  in  suitable  proportions ;  when  the  fire 
is  lighted  on  the  grate,  the  combustion  extends  throughout 
the  mass,  and  as  the  perfectly  burned  lime  is  extracted  at 
the  bottom  by  the  orifice  of  the  grate,  new  quantities  of  fuel 
and  limestone  are  introduced  above,  so  that  the  combustion 
is  continuous ;  the  carbonic  acid  evolved  is  completely  re- 
moved by  the  rapid  draught  through  the  fire. 

Lime  is  a  pure  white  earth.  When  exposed  to  the  air,  it 
rapidly  absorbs  water,  and  falls  into  a  white  powder,  (slaked 
lime,)  which  is  a  hydrate  CaO .  HO.  If  a  little  water  be  poured 
on  a  piece  of  well  burned  lime  it  is  absorbed  instantly,  and  the 
Ihne  appears  quite  dry,  but  after  a  few  moments  cracks,  and 
falls  into  the  powder  of  hydrate,  evolving  so  much  heat  as  to 
char  wood,  and  inflame  gunpowder,  when  in  large  quantities. 
It  is  thus  that  vessels  laden  with  lime  have  been  burned  at 
sea,  by  water  penetrating  to  the  hold,    Lime  is  soluble  in 
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water,  though  but  sparingly,  and  still  less  soluble  in  boiling 
than  in  cold  water ;  one  part  of  lime  requiring  778  of  water 
at  60°  and  1270  at  212""  for  its  solution ;  hence  when  line 
water  is  boiled  it  becomes  turbid.  The  solution  of  lime  has 
an  acrid,  slightly  caustic  taste ;  it  reacts  alcaline ;  exposed  to 
the  air  it  absorbs  carbonic  acid,  becoming  covered  with  a 
crystalline  pellicle  of  carbonate  of  lime.  On  breathing  into 
lime  water  through  a  glass  tube,  it  is  immediately  rendered 
turbid  by  the  carbonate  of  lime  produced  by  respiration  ;  an 
excess  of  the  carbonic  acid,  however,  dissolves  the  precipi- 
tate. It  is  in  this  way  that  carbonate  of  lime  is  held  dissolved 
in  almost  all  ordinary  spring  and  river  waters.  If  lime  be 
perfectly  dry,  it  has  little  or  no  tendency  to  absorb  carbo- 
nic acid ;  it  requires  to  be  first  slaked  and  then  the  hydrate 
IS  decomposed,  the  water  being  expelled  by  the  carbonic  acid ; 
the  absorption  is  very  rapid  until  the  lime  becomes  one-half 
saturated,  a  compound  of  CaO .  COs  +  CaO .  HO  being  pro- 
bably formed,  but  after  that  point  it  advances  but  very 
slowly. 

Lime  being  a  protoxide,  its  formula  is  Ca.O  and  its  com- 
position and  equivalent  numbers  as  follows  : 

Calcium,    71*91  One  equivalent  =  256*0  or  20*5 
Oxygen,    2809  One  equivalent  =  100-0  or    8*0 

10000  3560      28-5 

Lime  is  easily  distinguished  by  its  dilute  solutions  not 
being  precipitated  by  sulphuric  acid  or  sulphate  of  soda, 
but  giving  a  white  precipitate  of  oxalate  of  lime  on  the  ad- 
dition of  a  solution  of  oxalic  acid;  an  excess  of  oxalic  add 
does  not  redissolve  this  precipitate.  The  nitrate  of  lime  is 
deliquescent  and  soluble  in  alcohol,  in  which  it  also  di£fers 
firom  the  preceding  earths.  The  compounds  of  lime,  when 
ignited  before  the  blowpipe,  tinge  the  flame  of  a  brick-red 
colour. 

Lime  is  of  great  importance  in  the  arts,  from  its  use  in 
making  mortaf,  and  in  agriculture  from  its  application  as  a 
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manure.  The  lime  in  mortar  is  not  as  carbonate,  and  its 
coherent  property  appears  to  depend  only  on  the  gradual 
drying  of  the  hydrate  by  which  the  stones  are  retained 
together,  as  boards  are  by  the  drying  of  the  glue  between 
their  surfaces.  The  use  of  lime  as  a  manure,  arises  from  its 
decomposing  the  insoluble  organic  matters  of  the  soil,  woody 
fibres,  ulmine,  &c.,  and  producing  other  products  more 
readily  taken  up  by  the  sensitive  radicles  of  the  growing 
plants.  It  is  hence  on  such  soils  as  possess  a  large  quantity 
of  organic  matter,  but  are  still  barren  from  its  not  being  in 
the  suitable  condition,  that  the  beneficial  effects  of  lime  are 
peculiarly  marked.' 

There  is  a  deutoxide  of  calcium  Ca02  prepared  by  adding 
a  solution  of  deutoxide  of  hydrogen  to  lime  water ;  it  re- 
sembles deutoxide  of  barium^  but  is  of  no  importance. 

There  are  three  compounds  of  sulphur  and  calcium  known; 
the  first,  or  protosulphuret  ofcalctum^  CaS,  may  be  prepared 
by  heating  sulphate  of  lime  to  redness  in  a  stream  of  hydro- 
gen gas,  or  more  simply  by  igniting  sulphate  of  lime  with  one- 
third  of  its  weight  of  lampblack ;  all  the  oxygen  of  the  salt 
is  carried  off  as  water,  in  the  one,  or  as  carbonic  oxide,  in  the 
other  case,  and  the  sulphur  and  calcium  remain  united.  It 
is  a  white  powder,  but  very  sparingly  soluble  in  water.  It 
plays  an  important  part  in  the  manufacture  of  carbonate  of 
soda,  as  will  be  hereafter  explained.  When  flowers  of  sul- 
phur and  slaked  lime  are  boiled  together  in  water,  a  deep 
yellow  solution  is  obtained,  which  is  said  to  be  a  sulphuret  of 
lime,  but  which  really  consists  of  a  mixture  of  hyposulphite 
of  lime  and  bisulphurei  of  calcium^  6.S  and  3.CaO  pro- 
ducing S2O3  +  CaO  and  ^.CaSs.  If  the  solution  be  con- 
centrated, this  last  separates  in  yellow  prisms  with  water  of 
crystallization.  It  is  from  this  yellow  liquor,  that  the  pre- 
cipitated sulphur  is  prepared,  for  on  adding  to  it  an  acid, 
sniphuret  of  hydrogen  is  evolved  from  the  sulphuret  of  cal- 
cium in  such  proportion  as  to  decompose  the  hyposulphu- 
rous  acid,  and  all  the  sulphur  is  precipitated,  whilst  the  lime 
remains  in  combination  with  the  acid  which  is  employed.    If 
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the  sulphur  be  in  great  excess  in  proportion  to  the  lime,  a 
pewtastdphwet  qfccUdum  may  be  formed. 

The  neleniuret  of  calcium  is  not  important.  If  phospho- 
rus in  vapour  be  passed  through  a  red  hot  tube  loosely 
filled  with  lime,  a  brown  substance  is  produced,  popu- 
larly termed  phosphurei  of  lime  but  which  is  a  mixture  of 
phosphate  of  lime  and  phosphuret  of  calcium  ;  the  tempera- 
ture must  not  be  raised  too  high  or  else  the  phosphorus 
may  be  expelled  again.  When  this  phosphuret  of  calcium 
is  brought  into  contact  with  water,  it  is  decomposed,  phos- 
phite of  lime,  and  phosphuretted  hydrogen  being  produced;  ^ 
this  last  being  evolved  in  its  spontaneously  inflammable  con- 
dition, it  is  an  interesting  experiment  to  throw  a  fragment  of 
the  brown  substance  into  a  glass  of  water,  numerous  gas 
bubbles  are  immediately  formed,  which  explode  when  they 
reach  the  air  as  described  in  p.  489. 

Of  Magnesium. 

This  metal,  tike  the  bases  of  the  other  earths,  was  first 
recognized  by  Humphrey  Davy,  but  the  process  by  which  it 
is  best  prepared,  is  that  given  by  Bussy.     A  few  pieces  of 
potassium  are  to  be  placed  at  the  bottom  of  a  tube  of  hard 
glass^  and  then  a  quantity  of  anhydrous  chloride  of  magne- 
sium in  small  fragments  to  be  laid  upon  them ;  the  part  of  the 
tube  containing  th^  earthy  chloride  is  to  be  heated  to  near 
its  point  of  fusion,  and  then  the  metal  converted  into  vapour 
by  the  appUcation  of  the  lamp,  as  in  the  figure,  p.  524 ;  as 
soon  as  the  vapour  of  the  potassium  comes  into  contact  with 
the  heated  salt  vivid  ignition  ensues,  and  chloride  of  potas- 
sium being  formed,  the  magnesium  is  liberated  in  the  metal- 
lic state.  Mg.Cl  and  K  giving  K.Cl  and  Mg.     When  the 
action  has  ceased,  and  the  tube  is  completely  cool,  the  mass 
is  to  be  washed  with  warm  water,  the  chloride  of  potassium 
dissolves  and  leaves  the  magnesium,  with  perfect  metallic 
properties,  behind.    It  is  white  like  silver,  malleable  andfusi-- 
ble  at  a  red  heat ;  it  is  not  changed  by^dry  air,  and  but  slowrly 
oxidized  by  damp  air ;  it  may  be  boiled  in  water  without 
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this  being  decomposed.  If  magnesium  be  heated  to  redness 
in  air  or  oxygen,  it  bums  with  brilliancy,  forming  magnesia, 
and  it  inflames  spontaneously  in  chlorine  ;  it  dissolves  in  dilute 
acids  with  the  evolution  of  hydrogen  gas,  and  the  formation 
of  a  salt  of  magnesia.  The  symbol  of  magnesium  is  Mg.  and 
its  equivalent  number  is  158*3  or  12*7  according  to  the 
standard. 

Magnesia,  the  only  known  compound  of  magnesium  and 
oxygen,  is  a  protoxide.  It  exists  in  considerable  quantity  in 
nature,  being  a  constituent  of  a  great  variety  of  minerals;  it 
is  found  as  hydrate,  as  carbonate,  sulphate,  and  silicate,  but  its 
most  abundant  source  is  the  magnesian  limestone,  common 
both  in  Ireland  and  in  England,  which  consists  of  an  equi- 
valent of  each  carbonate,  its  formula  being  CaO.COa  + 
MgO.COfi.  The  pure  magnesia  is  always  prepared  by  ex- 
posing the  carbonate  of  magnesia  of  commerce,  the  prepara- 
tion of  which  will  be  described  among  the  salts,  to  a  full  red 
heat,  the  carbonic  acid  is  expelled,  and  the  earth  remains 
pure.  Magnesia  is  a  very  light  white  powder,  without  taste 
or  smell;  it  is  almost  perfectly  infusible ;  but  it  and  lime  are 
remarkable  for  becoming  beautifully  phosphorescent  when 
strongly  heated,  and  it  is  hence  that  lime  is  used  as  a  source  of 
the  most  brilliant  light  when  it  is  heated  in  the  jet  of  the  oxy- 
bydrogen  blowpipe.  It  is  very  sparingly  soluble  in  water,  and 
still  less  so  in  hot  than  in  cold  water ;  its  solution  browns 
turmeric  paper  very  slightly.  It  is  remarkably  inferior  to 
lime  in  basic  power,  but  still  neutralizes  the  strongest  acids 
I>erieetly,  forming  excellently  characterized  classes  of  salts. 

The  formula  of  magnesia  is  Mg.O,  and  its  composition 
and  equivalent  numbers  are. 

Magnesium,    61-29  One  equivalent  =  158*3  or  12*7 
Oxygen,         38*71  One  equivalent  =  100*0  or    8*0 

100.00  258-3      20-7 

Bfagnesia  is  recognized  by  its  sulphate  being  very  soluble 
in  water,  and  a  solution  containing  it  being  precipitated  by 


570         PREPARATION  OF  ALUMINUM. 

the  alcalieB  and  their  carbonates.  The  precipitate  so  ob- 
tained is  redissolvedj  on  adding  to  the  liquor  a  strong  solu- 
tion of  sal*aminoniac.  The  most  delicate  test  for  magnesia 
consists  in  rendering  the  liquor  suspected  to  contain  it  alca- 
line  by  ammonia,  and  then  adding  a  solution  of  phosphate 
of  soda;  after  a  short  time  the  phosphate  of  ammonia  and 
magnesia  crystallizes  on  the  side  of  the  glass,  particularly 
if  it  be  scratched  by  a  glass  rod ;  this  double  salt  is  almost 
completely  insoluble  in  an  alcaline  Uquor.  A  solid  substance 
containing  magnesia  possesses  the  property,  that  if  it  be 
moistened  by  a  very  small  quantity  of  nitrate  of  cobalt  and 
ignited  strongly  by  the  blowpipe,  it  becomes  a  fine  pink  or 
rose  colour ;  the  presence  of  other  bodies  may,  however,  in- 
terfere with  this  result. 

The  sulphurets  and  seleniurets  of  magnesium  are  of  no 
importance ;  they  resemble,  almost  perfectly,  those  of  cal- 
cium already  noticed. 

SECTION  IL 

METALS  OF  THE  SECOND  CLASS. 

Of  Aluminum. 

This  metal  is  prepared  by  the  action  of  potassium  upon 
its  chloride,  exactly  as  described  for  magnesium  in  the  last 
division,  but  the  operation  must  be  performed  in  vessels  of 
platinum  or  porcelain,  as  the  heat  spontaneously  evolved 
during  the  reaction  is  so  intense,  as  to  fuse  the  most  refrac- 
tory glass;  the  quantity  operated  on  should  likewise  be 
small.  A  grey  melted  mass  of  chloride  of  potassium  and 
metallic  aluminum  remains,  which  is  to  be  washed  with  cold 
water,  and  the  metal  is  thus  obtained  in  minute  but  brilliant 
scales. 

Aluminum  does  not  decompose  water  at  ordinary  tempe* 
ratures,  and  only  slowly  even  at  a  boiling  heat,  but  it  dis- 
solves rapidly  in  dilute  acids,  and  also  in  solutions  of  the 
caustic  alcaUes,  with  the  evolution  of  hydrogen  gas,  from  the 
water  being  decomposed.     The  symbol  of  aluminum  is  AX. 
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and  its  equivalent  numbers  171*3  or  I3'7  according  to  the 
scale. 

There  is  but  one  compound  known  of  aluminum  and 
oxygen :  it  is  alumina*  This  earth  exists  in  very  large  quan- 
tity in  nature,  being  even  still  more  abundant  than  lime ;  it 
is  a  principal  ingredient  of  ahnost  all  rocks,  except  the 
purest  kinds  of  limestone ;  it  constitutes  the  great  mass  of 
the  ordinary  clays  and  soils,  these  deposits  being  produced 
by  the  gradual  decomposition  and  detrition  of  various  kinds 
of  rocks.  In  all  these  forms  the  alumina  is  generally  com- 
bined with  silica,  and  sometimes  with  sulphuric  or  phos- 
phoric acids ;  it  is  also  met  with  pure,  or  at  least  contami- 
nated by  the  presence  of  only  a  trace  of  foreign  matter ;  thus 
the  ruby  and  the  sapphire,  two  of  the  most  highly  prized 
precious  stones,  are  alumina,  combined  with  small  quantities 
of  colouring  matter.  The  importance  of  alumina  in  the  arts  b 
very  great;  it  is  a  necessary  ingredient  in  the  formation  of  all 
kinds  of  earthenware,  from  tiles  or  bricks,  to  the  finest  kinds 
of  porcelain,  and  is  extensively  used  as  the  basis  or  mordant 
for  some  of  the  most  brilliant  and  durable  colours  that  can 
be  fixed  upon  cotton  or  woollen  cloth.  The  alumina  de- 
rives its  name  from  the  salt  which  it  forms  with  potash  and 
sulphuric  acid,  the  dkum  of  commerce,  from  which  it  is  always 
prepared  for  the  purposes  of  the  chemist. 

To  prepare  pure  alumina,  a  solution  of  alum  is  to  be 
decomposed  by  carbonate  of  potash,  and  the  precipitate  se- 
parated by  the  filter.  This  precipitate  is  alumina,  the  sul- 
phuric add  being  taken  by  the  potash,  and  the  carbonic  acid, 
which  cannot  combine  with  the  alumina,  being  evolved  as 
gas.  The  alumina  thus  produced  is,  however,  not  quite  pure, 
it  always  carries  down  with  it  a  little  sulphate  of  potash, 
from  which  it  must  be  separated  by  being  dissolved  in  dilute 
muriatic  acid,  and  again  precipitated  by  carbonate  of  am- 
monia ;  being  then  well  washed,  until  the  water  passes  from 
the  filter  completely  free  from  sal-ammoniac,  it  may  be  looked 
upon  as  pure.  The  alumina  so  obtained,  when  dried  at 
common  temperatures,  constitutes  a  bulky  gummy  mass. 
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which  is  a  hydrate,  the  earth  and  the  water  containing  equal 
quantities  of  oxygen.  To  expel  this  water  completely,  it 
must  be  exposed  to  a  white  heat ;  in  drying  it  contracts  very 
much.  It  was  on  the  measurement  of  this  contraction,  that 
Wedgewood  founded  his  pyrometer,  now  gone  out  of  use, 
and  to  allow  for  it,  all  vessels  of  earthenware  and  china  are 
made  much  larger  than  they  are  intended  to  be,  when  com- 
pletely baked. 

In  consequence  of  the  great  power  with  which  alumina 
absorbs  and  retains  moisture,  it  adheres  strongly  to  the 
tongue,  producing  a  very  peculiar  sensation  when  applied  to 
it.  The  more  or  less  retentive  quality  of  soils,  results  from 
the  same  property,  and  is  generally  proportional  to  the  quan- 
tity of  pure  clay  which  they  contain. 

Alumina  is  white ;  if  dried  at  moderate  temperatures,  it 
dissolves  freely  in  acids,  and  in  solutions  of  the  fixed  caustic 
alcalies,  but  if  it  be  very  strongly  heated,  particularly  if  fused 
by  the  oxy-hydrogen  blowpipe,  it  dissolves  much  more  slowly. 
It  is  particularly  remarkable  for  its  tendency  to  unite  with  or- 
ganic matters.  If  a  cotton  cloth  be  immersed  in  a  solution  of 
acetate  of  alumina,  the  earth  will  deposit  itself  completely  on 
the  fibres  of  the  cotton  and  leave  the  acetic  acid  free.  The 
most  important  processes  in  calico  printing  repose  upon  this 
principle. 

Although  alumina  is  the  only  compound  of  aluminum  and 
oxygen  it  is  yet  not  to  be  considered  as  a  protoxide.  I  have 
already  described,  pag^s  346  and  363,  the  isomorphous  and 
other  relations  which  establish  its  constitution  to  be  similar 
to  that  of  peroxide  of  iron.  .  It  is  hence  a  sesquioxide,  and 
its  formula  is  AI3O3.  Its  composition  and  equivalent  num- 
bers are 

Alumina,  53*3  Two  equivalents,     =z  34^-4  or  £7*4 
Oxygen,    46-7  Three  equivalents,  =  3000  or  240 

1000  642-4      51-4 

Alumina  is  easily  recognized.    Its  solution  is  precipitated 
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by  the  alcaline  carbonates,  and  the  precipitate  is  dissolved 
by  the  caustic  fixed  alcalies,  but  not  by  ammonia.  It  is 
also  precipitated  white  by  hydrosulphuret  of  ammonia. 
If  a  solid  substance  containing  alumina  be  moistened  with  a 
trace  of  nitrate  of  cobalt,  and  ignited  by  the  blowpipe,  it  be- 
comes of  a  beautiful  blue  colour. 

If  aluminum  be  heated  in  the  vapour  of  sulphur,  it  takes 
fire,  and  forms  a  grey  mass  otsulphuret  of  aluminum.  This 
is  decomposed  by  water,  producing  alumina  and  sulphuretted 
hydrogen,  shewing  that  its  formula  was  Ala. S3,  which  with 
3. HO  give  AlgOa  and  S.HS.  This  sulphuret,  therefore, 
cannot  be  formed  in  solution ;  and  when  a  solution  of  alu- 
mina is  precipitated  by  hydrosulphuret  of  ammonia,  as  al- 
ready noticed,  the  precipitate  is  pure  alumina,  and  the  liquor 
contidns  sulphuret  of  hydrogen. 

The  seleniuret  and  phosphuret  of  aluminum  are  known, 
but  are  of  no  importance. 

Of  Glucinum. 

The  earth  of  which  this  metal  is  the  basis  has  been  found 
but  in  a  few  rare  minerals,  and  as  it  exercises  no  influence 
on  science,  from  the  nature  of  its  compounds,  and  is  of  no 
application  in  medicine  or  in  the  arts,  a  very  brief  notice  of 
it  will  suffice.  It  exists  in  the  emerald,  beryl,  and  eu- 
clase.  To  obtain  it  from  beryl,  the  mineral  is  fused 
with  carbonate  of  potash,  the  mass  treated  with  dilute  muri- 
atic acid,  and  evaporated  to  dryness  to  separate  the  silica. 
The  portion  which  dissolves  then  in  water  is  to  be  decom- 
posed by  ammonia,  which  precipitates  the  alumina  and  glu- 
dna  together,  and  the  moist  precipitate  digested  in  a  strong 
cold  solution  of  carbonate  of  ammonia,  in  which  the  glucina 
dissolves.  On  boiling  the  filtered  liquor  so  obtained  the 
glucina  separates  in  combination  with  carbonic  acid,  from 
which  it  is  freed  by  ignition,  and  so  obtained  pure. 

This  earth  is  tasteless  and  inodorous ;  it  is  insoluble  in 
water,  and  has  no  action  on  vegetable  colours.  Its  salts 
taste  remarkably  sweet,  whence  its  name  (yXvicvcO     It  is 
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easily  recognused  bj  its  relation  to  pure  and  carbonated  am* 
monia^  described  in  the  details  of  its  preparation.  The 
metal  glucimim  is  prepared  from  its  chloride  precisely  as 
aluminmn  and  magnesium,  which  it  resembles  very  closely  in 
all  its  properties.  Its  symbol  is  Gt  and  its  equivalent  num- 
bers 331*4  or  36-5. 

Glucina  is  considered  to  be,  like  alumina,  a  sesquioxide, 
and  its  formula  being  G3O3,  its  composition  and  equivalents 
may  easily  be  calculated. 

Of  Yttrium,  Thorium,  and  Zirconium. 

These  metals  are  the  bases  of  earths,  concerning  which, 
from  the  rarity  of  the  sources  from  which  they  have  hitherto 
been  derived,  but  little  is  known,  and  from  their  being  des- 
titute of  scientific  importance  as  well  as  of  practical  applica- 
tion, short  notice  of  their  characters  only  need  be  given. 

Yttrium. — ^The  earth  yttria,  oxide  of  yttrium,  exists  in 
some  rare  Swedish  minerals,  which  were  its  only  sources 
until  the  very  remarkable  discovery,  by  Apjohn,  of  its  pre- 
sence in  the  ordinary  Bohemian  garnet,  or  pyrope.  The  me- 
thod of  its  extraction  is  too  complicated  for  description  here. 
It  is  insoluble  in  the  fixed  caustic  alcalies,  and  is  precipitated 
by  the  yellow  prussiate  of  potash,  by  which  it  is  completely 
distinguished  from  the  other  earths.  It  is  a  protoxide.  Its 
formula  is  hence  Y.O. 

Thorium.— The  earth  I^oria.  Oxide  of  Thorium, 
Th.O,  has  been  found  but  in  two  excessively  rare  minerals. 
It  is  the  heaviest  of  all  the  eartiis,  its  sp.  gr«  being  9*4.  It 
resembles  yttria  closely  in  its  properties. 

Zireonitim. — ^The  earth  ^rconia.  Sesguioxide  ofZireo- 
mum,  ZrgOa,  is  found  in  two  rare  minerals,  the  hyacinth  and 
nrcon.  It  resembles  alumina  very  closely  in  all  its  proper^ 
ties,  and  in  some  respects  assimilates  itself  to  silica,  and  ap- 
pears to  form  the  link  by  which  the  metallic  and  non-me- 
taUic  bodies  are  connected  in  this  direction.  Thus,  the 
double  fluoride  of  zirconium  and  potassium  is  a  sparingly 
soluble  salt,  like  the  fluoride  of  silicon  and  potassium,  and 
it  is  from  this  double  fluoride  that  zirconium  is  obtained,  by 
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a  pTocess  identical  with  that  which  is  described  in  page  524, 
for  the  preparation  of  silicon. 

Cerium.    Lanthanum. 

These  metals  are  found  in  a  few  rather  rare  minerals, 
and  have  been  but  very  recently  distinguished  from  one 
another.  They  are  always  associated  together  in  nature. 
Their  history  does  not  possess  any  particular  interest,  and 
need  hence  be  noticed  but  very  briefly. 

The  metallic  cerium  is  obtained  by  igniting  the  proto- 
chloride  of  cerium  with  potassium,  as  has  been  already  de- 
scribed  for  other  metals.  It  is  a  sUghtly  coherent  brown 
powder,  which  decomposes  water  slowly,  evolving  hydro- 
gen, particularly  if  the  water  be  hot,  and  forming  oxide  of 
cerium.  It  combines  with  oxygen  in  two  proportions,  form- 
ing a  protoxide  and  a  sesquioxide,  CeO  and  CegOa*  But 
aU  the  results  obtained  with  it  now  require  revision,  as  the 
discovery  of  lanthanum  has  thrown  much  doubt  on  the 
purity  of  the  substances  that  have  been  hitherto  analysed  as 
compounds  of  cerium,  and  on  its  received  atomic  weight. 
The  protoxide  of  cerium  is  of  a  pale  fawn  colour.  If  it  be 
heated  in  the  open  air,  it  absorbs  oxygen,  and  changes  into 
the  dark  brown  peroxide ;  and  if  this  be  reduced  by  hydro- 
gen gas,  at  a  red  heat,  it  forms  a  yellow  complex  oxide,  pro- 
bably Ce304. 

Lanthanum. — ^It  was  found  by  Mosander,  that  by  cal- 
cining protoxide  of  cerium,  so  as  to  convert  it  into  peroxide, 
only  a  portion  of  it  became  insoluble  in  dflute  nitric  acid,  and 
that  which  dissolved  was  found,  on  accurate  examination,  to 
be  really  an  oxide  of  a  new  metal,  which,  not  forming  an  in- 
soluble peroxide,  may  be  thus  separated  from  oxide  of 
cerium.  From  its  having  been  so  long  hidden  in  the  oxide 
of  cerium  usually  made,  he  named  it  lanthanum  (XavOavu),) 
but  its  detailed  history  remains  yet  undeveloped. 

Of  Manganese. 
This  metal  exists  very  extensively  diffused  through  na- 
ture, although  not  in  very  great  quantity.    Traces  of  it  are 
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(bund  in  the  animal  and  vegetable  kingdoms,  but  its  great 
sources  are  the  numerous  combinations  which  it  forms  with 
oxygen,  and  which  are  employed  for  the  purposes  of  the 
arts  and  of  research.  Its  name  is  a  modification  of  magne- 
sia, for  the  native  peroxide  was  once  termed  magnesia  nigra, 
but  when  the  peculiar  metal  which  it  contained  was  recog- 
nized, the  present  appellation  was  given  to  it 

Manganese  is  one  of  the  metals  most  difficult  to  reduce, 
from  its  great  affinity  for  oxygen,  and  the  high  temperature 
necessary  for  its  fusion.  To  obtain  it,  the  oxide  must  be 
taken  in  a  state  of  very  fine  division,  and  for  that  object  it  is 
best  to  use  an  oxide  artificially  prepared,  as  described  far- 
ther on.  This  is  to  be  mixed  with  an  equal  weight  of  lamp- 
black, and  made  into  a  dough  with  oil,  and  this  mass  fixed 
into  a  crucible,  previously  coated  with  a  mixture  of  clay  and 
charcoal  powder.  The  crucible,  so  filled,  being  covered,  is 
to  be  exposed  to  the  most  violent  heat  of  a  smithes  forge  for 
a  couple  of  hours.  On  then  examining  it,  a  button  of  me- 
tallic manganese  will  be  found  occupying  its  lowest  portion. 

The  metallic  manganese  is  greyish  white,  granular  and 
brittle ;  its  sp.  gr.  8*013.  It  is  exceedingly  infusible.  It 
very  soon  tarnishes  in  the  air,  absorbing  oxygen,  and  falling 
into  a  black  powder  after  some  time.  It  decomposes  pure 
water,  but  very  slowly ;  but  rapidly  dissolves  in  dilute  sul- 
phuric acid  with  the  evolution  of  hydrogen  gas:  sulphate 
of  the  protoxide  of  manganese  being  formed. 

The  symbol  of  manganese  is  M  n,  and  its  atomic  weight 
is  346  or  S7*7,  according  to  the  standard. 

It  is  remarkable  for  the  number  of  compounds  which  it 
forms  with  oxygen,  which  are  as  follows : — 

Protoxide  of  manganese,  .     .    •  MnO 

Sesquioxide  of  manganese,    •     .  MnaOa 

Peroxide  of  manganese,    .     .    .  MnO^ 

Manganic  acid, MnOa 

Permanganic  acid, MusOt 
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In  addition  there  are  two  complex  oxides^ 

The  red  oxide,  •     .     .    Mn304  or  MnO  +  Mn^Oa 
Varvicite,      ....     Mn407  or  M naOs  +  2M nOj 

The  metallic  manganese  being  of  such  difficult  prepara- 
tion,  the  various  compounds  of  it  are  usually  obtained  from 
its  most  abundant  source,  the  native  peroxide,  which  is  sent 
into  commerce  in  large  quantities  to  be  employed  in  the  arts 
for  the  fabrication  of  chlorine,  and  in  chemistry  to  prepare 
oxygen,  and  many  other  purposis.  The  simplest  way  of 
preparing  the  salts  of  manganese  from  this  native  peroxide, 
which  is  usually  associated  with  a  large  quantity  of  oxide  of 
iron,  consists  in  dissolving  it  in  an  excess  of  muriatic  acid, 
and  evaporating  the  liquor  so  obtained  to  dryness.  The 
resulting  mass  consists  of  chloride  of  manganese  mixed  with 
perchloride  of  iron.  When  this  mass  is  heated  to  redness, 
the  perchloride  of  iron  is  partly  decomposed,  and  partly 
volatilized,  and  on  digesting  the  residual  mass  in  water, 
oxide  of  iron  remains  undissolved,  and  a  colourless  or  faintly 
amethystine  solution  of  protochloride  of  manganese  is  ob- 
tained. From  this  the  various  other  preparations  may  be 
easily  formed. 

Protoxide  of  Manganese. — MnO.  Equivalent  446,  or35'7. 
May  be  prepared  in  many  ways.  If  to  a  solution  of  proto- 
chloride  of  manganese  an  excess  of  a  caustic  alcali  be  added, 
a  bulky  white  precipitate  is  produced,  which  is  hydrated 
protoxide  of  manganese.  In  this  state  it  rapidly  absorbs 
oxygen  from  the  air,  becoming  feddish  brown,  being  con- 
verted into  red  oxide,  which  is  the  most  permanent  of  the 
oxygen  compounds  of  manganese.  If  any  of  the  higher 
oxides  of  manganese,  in  a  state  of  fine  dirision,  such  as  the 
red  oxide  or  peroxide  artificially  prepared,  be  heated  to  red- 
ness in  a  tube  of  hard  glass,  in  a  stream  of  hydrogen  gas, 
oxygen  is  removed  in  such  proportion  as  to  leave  protoxide 
of  manganese  behind.  The  oxide  so  obtained  is  of  a 
greenish  grey  colour ;  it  does  not  absorb  oxygen  at  all  so 
rapidly  as  the  hydrated  oxide ;  but  if  it  be  exposed  to  the 
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air  whilst  hot  it  rapidly  becomea  brown,  or  even  bums.  But 
it  is  best  obtained  by  mixing  together  chloride  of  manga- 
nese, carbonate  of  soda,  and  sal-ammoniac,  and  exposing 
them  in  a  platinum  crucible  to  a  full  red  heat.  The  chloride 
of  manganese  is  decomposed  by  the  carbonate  of  soda, 
chloride  of  sodium  and  carbonate  of  manganese  being  formed. 
MnCl  and  NaO .  CO2  giving  NaO  and  MnO .  CO3.  The  car- 
bonic acid  is,  however,  driven  off  by  the  high  temperature, 
and  the  protoxide  of  manganese  set  free,  being  evolved  in 
presence  of  the  sal-ammoaiac,  which  readily  yields  hydrogen, 
is  prevented  from  passing  to  a  higher  degree  of  oxidation. 
The  oxide  obtained  at  this  high  temperature  has  no  ten- 
dency to  combine  further  with  oxygen  under  ordinary  cir« 
cumstances,  and  may  hence  be  easily  preserved. 

The  oxide  is  of  various  shades  of  greyish  green,  accord- 
ing to  the  method  of  preparation.  It  is  without  action  on 
vegetable  colours,  but  it  combines  with  all  the  acids,  evolving 
in  some  cases,  as  with  oil  of  vitriol,  intense  heat,  and  forms 
salts,  remarkable  for  their  definiteness  and  neutrality.  These 
salts  are  generally  colourless,  but  often  of  a  peculiar  rose 
colour,  which  is  not  due  to  the  presence  of  any  higher  degree 
of  oxidation,  but  to  a  peculiar  (isomeric)  condition  of  the  salt 
itself. 

Sesquioxide  of  Manganese. — MusOa.  Equivalent  99S, 
or  79'4.  This  oxide  is  found  in  nature  in  considerable 
quantity,  either  pure,  as  in  the  mineral  braunite,  or  combined 
with  water,  as  in  the  mineral  manganUe.  It  may  be  pre» 
pared  artificially  by  exposfng  the  peroxide  for  a  short  time 
to  a  dull  red  heat,  but  it  is  difficult  to  manage  the  decompo- 
sition of  that  substance  so  that  it  shall  not  proceed  too  far. 
The  sesquioxide  is  of  a  dark  brown  colour ;  exposed  to  a 
strong  heat  it  is  partly  decomposed,  evolving  oxygen  and 
being  reduced  to  the  state  of  red  oxide.  It  combines  with 
acids  forming  salts  which  are  of  a  deep  red  colour,  and  which 
are  isomorphous  with  those  of  alumina.  Its  salts  are  imme- 
diately decolorized  by  sulphurous  acid  and  by  sulphuretted 
hydrogen.     This  oxide  possesses  the  property  of  staining 
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glass  purple  or  violet^  and  by  thb  character  an  exceedingly 
smaU  trace  of  manganese  can  be  detected  by  fusing  the  sub- 
stance with  borax  in  the  oxidating  flame  of  the  blowpipe. 

Peroxide  o/Manganesef  or  Black  Oxide. — Mn02.  Equi- 
yalent  646,  or  4S*7.  This  substance,  which  is  the  most 
abundant  source  of  manganese,  and  that  from  which  all  its 
technical  applications  are  derived,  exists  in  nati\re  in  a 
variety  of  forms.  Crystallized  and  pure  it  forms  the  mineral 
pyrolusiie ;  combined  with  water,  2Mn02  +  HO,  it  consti* 
tutes  the  mineral  Waddi  which  in  an  impure  form,  contami- 
nated with  variable  quantities  of  peroxide  of  iron,  carbonate 
of  lime  and  carbonate  of  barytes,  forms  the  earthy  varieties, 
which  are  those  usually  found  in  commerce.  This  oxide 
may  be  prepared  artificially  by  decomposing  the  protochloride 
of  manganese  by  a  solution  of  chloride  of  lime.  Mn  •  CI  and 
SCaO  +  C1  producing  2.CaCl  and  MnOs*  It  is  also  pro* 
duced  when  peimanganate  of  potash  is  decomposed  by  any 
organic  substance.  In  these  cases  it  is  precipitated  in  com- 
bination with  one  equivalent  of  water  MnO^  +  HO,  from 
which  it  may  be  freed  by  a  temperature  below  redness. 

This  peroxide  of  manganese  is  Mack ;  exposed  to  heat  it 
abandons  oxygen,  being  reduced  first  to  the  state  of  sesqui- 
oxide,  and  finally  to  that  of  red  oxide.  It  does  not  unite 
with  either  acids  or  alcalies ;  but  when  heated  with  strong 
sulphuric  add,  it  is  decomposed  in  the  manner  fully  de- 
scribed under  the  head  of  oxygen,  in  page  S95.  Its  use  in 
the  preparation  of  chlorine  has  been  also  noticed,  page  491. 
An  important  object  to  which  it  is  applied  is  to  peroxidise 
the  iron  contained  in  the  ordinary  materials  used  in  the 
manufacture  of  glass.  If  the  iron  were  as  protoxide  it  would 
colour  the  glass  green,  but  the  red  oxide  produces  only  a 
very  faint  yellowish  tinge,  and  as  the  protoxide  of  manga* 
nese  is  itself  destitute  of  colouring  power,  by  the  action  of 
MnOa  on  SFeO  there  are  formed  MnO  and  Fe203,  two  sub- 
stances which  have  no  injurious  effect  upon  the  glass ;  if, 
however,  the  peroxide  of  manganese  be  added  in  excess,  a 
purple  colour  is  produced. 
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Of  the  complex  oxides,  the  red  oxide  is  alone  of  interest. 
It  is  the  most  stable  of  the  compounds  of  manganese ;  and 
whenever  the  quantity  of  this  metal  present  in  a  substance 
is  to  be  determined  by  analysis,  it  is  always  as  the  red  oxide 
that  it  is  obtained.  A  solution  of  any  salt  of  manganese, 
being  precipitated  by  an  excess  of  a  caustic  alcali,  the  pre- 
cipitate, cautiously  washed  and  ignited  in  an  open  crucible, 
gives  the  quantity  of  red  oxide  corresponding  to  the  quan- 
tity of  manganese  present.  The  varvadte,  the  other  com- 
plex oxide,  is  a  mineral  of  rare  occurrence,  and  only  of 
interest,  as  it  may  be  mistaken  for  the  peroxide,  to  which  it 
it  is  inferior  in  technical  value. 

The-peroxide  of  manganese  found  in  commerce  is  never 
quite  pure ;  and,  as  its  use  in  the  arts,  and  consequently  its 
price,  is,  generally  speaking,  due  exclusively  to  the  quantity 
of  oxygen  it  is  capable  of  yielding,  a  ready  mode  of  effecting 
its  analysis  becomes  of  great  importance.  There  are  two 
modes  in  which  this  may  be  accomplished  upon  very  simple 
principles,  and  in  a  short  time,  with  sufficient  accuracy  for 
all  practical  purposes.  The  first  consists  in  converting 
oxalic  acid  into  carbonic  acid  by  means  of  the  second  atom 
of  oxygen  which  the  peroxide  of  manganese  contains.  For 
MnO)  and  CaOa  produce  MnO  and  S.COs.  For  this  pur- 
pose 100  grains  of  the  manganese  are  to  be  introduced  into 
a  weighed  flask,  and  150  grains  of  oxalic  acid  dissolved  in 
500  grains  of  water  are  to  be  then  poured  upon  it ;  to  this 
350  grains  of  oil  of  vitriol  are  to  be  added,  and  the  orifice  of 
the  flask  closed  by  a  cork,  through  which  passes  a  tube  con- 
taining fragments  of  recently  fused  chloride  of  calcium.  The 
weight  of  this  cork  and  tube  are  to  be  included  in  the  tare 
of  the  flask.  On  the  addition  of  the  oil  of  vitriol  a  brisk 
effervescence  takes  place,  owing  to  the  escape  of  carbonic 
acid  gas,  which,  passing  over  the  firagments  of  chloride  of 
calcium  in  the  tube,  are  dried,  so  that  the  gas  alone  passes 
oflP.  When  the  action  slackens,  a  gentle  heat  may  be  applied 
until  all  the  oxide  of  manganese  has  dissolved ;  a  small  quan- 
tity of  a  light  brownish  sediment,  which  generally  forms,  is 
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easily  distinguished  from  the  particles  of  black  oxide :  as 
soon  as  the  action  is  quite  over,  the  flask  is  let  to  cool,  and 
as  it  contains  still  a  quantity  of  carbonic  acid  gas,  this  is 
removed,  by  taking  out  the  cork,  and  blowing  air  into  the 
flask  gently  by  a  glass  tube ;  the  cork  is  then  to  be  replaced; 
and  the  flask  with  its  contents  weighed.  It  is  found  to  b^ 
lighter  than  it  and  the  materials  together  had  been,  and  the 
loss  is  the  carbonic  acid.  The  quantity  of  carbonic  acid 
formed  is  thus  found,  and  the  quantity  of  oxygen  it  con* 
tained  calculated  ;  one-fourth  of  this  had  been  derived  from 
the  peroxide  of  manganese  by  its  conversion  into  protoxide, 
which  remains  combined  with  sulphuric  acid  in  the  liquor, 
and  the  quantity  of  peroxide  in  the  100  grains  of  the  ore  are 
thus  directly  found.  Thus,  taking  as  example  an  actual 
determination  made  a  few  weeks  ago,  the  flask  and  mate- 
rials weighed  altogether  1876  grains ;  after  the  action  had 
terminated  it  weighed  1816*5  grains;  the  loss  was,  there- 
fore, 59-5.  This  consisted  of  16*3  of  carbon  and  43*2  of 
oxygen.  The  oxygen  derived  from  the  mineral  was,  there- 
fore, i^^  =:  10*8,  which  represent  59  grains  of  pure  per- 
oxide of  manganese  in  the  100  of  the  substance  used. 

The  second  mode  of  analysis  consists  in  treating  a  cer- 
tain quantity  of  the  native  oxide  with  an  excess  of  muriatic 
acid,  and  passing  the  chlorine  so  evolved  through  water  in 
which  limeis  difiitsed;  chloride  of  lime  is  formed.  A  certain 
quantity  of  protosulphate  of  iron  (green  copperas)  is  to  be 
dissolved  in  water,  and  the  solution  of  chloride  of  lime  added 
thereto,  until  the  iron  liquor  ceases  to  strike  a  blue  colour 
with  a  drop  of  solution  of  red  prussiate  of  potash;  then 
comparing  the  quantity  of  the  solution  of  chloride  of  lime 
required  with  the  quantity  that  was  produced,  the  total 
quantity  of  chlorine  generated,  and  hence  the  totol  quantity 
of  oxygen  available  in  the  mineral,  is  known.  The  theory  of 
the  process  may  be  still  more  simply  expressed  by  the  "for- 
mulae of  the  bodies  engaged,  as  follows : — MnOa  and  2.  HCl 
acting  together  produce  MnCl  and  3.  HO,  whilst  CI  is  given 
off  as  gas;  this  combines  with  CaO.    When  the  compound 
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CaO.Cl  is  brought  in  contact  with  ^.(FeO.SOa),  the  oxygen 
passing  from  the  lime  to  the  iron,  we  have  Ca.CI  and 
FcsOs.SSOa  produced.  As  long  as  any  protosulphate  of 
iron  exists,  the  solution  gives  prussian  blue  with  the  red 
prussiate  of  potash,  but  when  all  the  iron  is  changed  to  per* 
oxide  the  blue  colour  is  no  longer  produced.  The  following 
example  of  an  actual  operation  will  complete  this  explana- 
tion. 100  grains  of  commercial  oxide  of  manganese  were 
placed  in  a  flask  with  about  one  ounce  of  strong  spirits  of 
salts,  and  the  chlorine  evolved  was  conducted  by  a  bent 
tube  to  the  bottom  of  a  deep  jar  containing  1600  grains  of 
water  with  100  grains  of  slaked  lime ;  when  the  oxide  of 
manganese  had  been  completely  decomposed  by  the  muriatic 
acid,  and  all  evolution  of  chlorine  had  ceased,  a  quantity  of 
the  solution  of  chloride  of  lime  was  filtered  for  use ;  this 
being  very  strong,  SOOgrs.  of  it  were  diluted  with  1000  of  water. 
On  the  other  hand,  100  of  crystallized  protosulphate  of  iron 
were  dissolved  in  1000  grains  of  water,  and  the  dilute  solu- 
tion of  chloride  of  lime  added  thereto  by  drops  from  an 
accurately  graduated  tube,  until  by  the  test  of  red  prus- 
siate of  potash  all  the  iron  was  peroxidized.  It  required 
1300  grains  of  the  dilute  solution,  and  hence,  433  of  the 
strong  solution.  Now,  as  100  grains  of  the  mineral  had 
^ven  1600  grains  of  this  strong  solution,  the  433  grains 
corresponded  to  27  grains;  the  available  oxygen  of  which  was 
exactly  equivalent  to  transfer  the  iron  of  the  protosulphate 
to  the  state  of  peroxide.  Now,  the  100  grains  contain  46*6 
of  water,  28*9  of  acid,  and  25*5  of  protoxide  of  iron,  consisting 
of  19*7  of  iron  and  5*8  of  oxygen,  and  it  requires  one-half 
more,  that  is  2*9,  to  form  peroxide.  The  result  is,  that  in 
the  27  grains  of  commercial  oxide  of  manganese  the  available 
oxygen  is  2*9,  and  the  quantity  of  pure  peroxide  consequently 
15*8  grains,  or  58*7  per  cent.  This  whole  process,  although 
when  thus  described  in  detail  it  may  appear  complex,  is  ex- 
ceedingly simple  in  execution,  and  does  not  occupy  much 
time.  In  accuracy,  the  two  methods  are  about  equal,  giving 
results  which  may  be  depended  on  to  one  per  cent. 
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A  mode  has  been  recommended  which  consists  in  simply 
adding  the  green  sulphate  of  iron  -  directly  to  the  muriatic 
acid  and  oxide  of  manganese  in  the  flask,  until  the  salt  is 
found  to  be  slightly  in  excess  by  the  filtered  liquor  giving 
Prussian  blue  with  red  prussiate  of  potash ;  the  quantity  of 
green  copperas  added  is  known  by  having  previously  weighed 
out  a  quantity,  and  then  weighing  what  may  remain  after 
the  process  has  been  completed;  If  no  chlorine  could  escape 
the  action  of  the  iron  salt,  this  method  would  be  much  the 
shortest  and  simplest  that  could  be  employed  ;  but  it  is  ex- 
ceedingly difficult  so  to  manage  the  decomposition  as  to 
avoid  its  partial  loss.  On  this  account  I  look  upon  this  me- 
thod as  inferior  in  accuracy,  and  really  not  much  simpler  of 
execution  than  those  previously  described. 

The  composition  of  the  commercial  oxide  is  very  variable, 
but  the  general  limits  may  be  considered  as  being  between 
60  and  70  per  cent,  of  pure  peroxide  in  100.  Frequently, 
the  commercial  substance  contains  sesquioxide,  or  one'^of  the 
complex  oxides ;  but  in  all  these  cases  the  methods  given,  as 
they  determine  the  quantity  of  available  oxygen,  shew  the 
true  value  of  the  specimen,  no  matter  what  the  state  of  com- 
bination of  the  metal  may  be. 

Mangamc  Add. — MnOa.  Equivalent,  646  or  51 '7.  If 
peroxide  of  manganese  be  mixed  with  caustic  potash  or  car- 
bonate or  nitrate  of  potash  in  a  crucible,  and  ignited  strongly, 
a  green  fused  mass  is  obtained,  which  dissolves  in  a  small 
quantity  of  water  with  a  fine  grass-green  colour.  After  some 
time,  particularly  if  the  solution  be  diluted,  it  gradually 
changes  colour,  a  brown  powder  separates,  and  the  liquor 
becomes  of  a  splendid  red  colour.  This  substance  first  got 
the  name  of  mineral  chameleon  from  these  changes,  but  their 
production  is  now  known  to  depend  on  the  formation  of  two 
distinct  acids  of  manganese.  The  peroxide  of  manganese  in 
these  cases  combines  with  another  atom  of  oxygen  to  form 
manganic  acid,  which  unites  with  the  potash.  If  potash, 
caustic  or  carbonated,  be  used,  the  oxygen  is  derived  from 
the  ur ;  if  nitre,   it  supplies  oxygen ;  but  the  best  source 
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confiats  in  nuxing  four  parts  of  peroxide  of  manganese  in 
fine  powder  with  3^  parts  of  chlorate  of  potash^  and  adding 
thereto  five  parts  of  caustic  potash  dissolved  in  a  small  quan- 
tity of  water.  This  mixture  is  to  he  evaporated  to  dryness, 
powdered,  and  afterwards  ignited  in  a  platinum  crucible,  at 
a  low  red  heat  insufficient  for  fiuion.  By  digestion  of  this 
mass  in  cold  water  a  deep  green  solution  is  obtained,  from 
which,  by  evaporation  in  vacuo,  the  manganate  of  potash  is 
obtained  in  crystals.  The  salts  of  this  acid  are  isomorphous 
with  those  of  the  sulphuric  and  chromic  acids.  They  are 
decomposed  very  easily,  particularly  if  organic  matter  be 
present,  and  the  acid  itself  is  hence  incapable  of  being  exhi* 
bited  in  an  isolated  form. 

Permangamc  iictrf.— MnjO?.  Equivalent,  1392  or  111'4. 
When  a  solution  of  manganate  of  potash  is  diluted  with 
boiling  water,  a  copious  precipitate  of  hydrated  peroxide  of 
manganese  forms,  and  a  fine  crimson  solution  of  permanga- 
nate of  potash  is  obtained.  S.MnOa  produces  MnOa  and 
M HsOt*  By  rapidly  evaporating  this  solution  until  a  pellicle 
forms,  an  abundant  crop  of  crystals  of  permanganate  of 
potash  is  obtained  on  cooling :  these  are  isomorphous  with 
the  perchlorate  of  potash,  and  are  almost  completely  black, 
but  with  a  very  peculiar  bronze  lustre.  The  salts  of  this 
acid  are  very  stable,  and  by  treating  the  permanganate  of 
barytes  with  a  proper  quantity  of  dilute  sulphuric  add,  a 
deep  crimson  solution  of  permanganic  acid  is  obtained. 
This  acid  cannot  be  had  solid,  according  to  Mitscherlich, 
its  solution  when  heated  to  100^  F.  being  decomposed  into 
peroxide  of  manganese  and  oxygen  gas.  It  it  very  probable^ 
that  the  solid  substance,  described  as  dry  permanganic  acid 
by  some  chemists,  contained  some  other  matter  combined 
with  it 

The  formation  of  these  acids  by  the  action  of  sulphuric 
acid  on  peroxide  of  manganese,  has  been  ahready  noticed, 
and  the  most  delicate  test  of  th3  presence  of  manganese  in 
minerals  consists  in  fusing  a  fragment  of  the  substance  with 
a  little  carbonate  of  soda  on  a  slip  of  platina  foil,  by  meana 


DETECTION  OF  MANGANESE.         585 

of  the  oxidising  flame  of  the  blowpipe.  The  mass,  on  cool- 
iDg,  becomes  apple-green,  from  the  formation  of  manganate 
of  soda,  if  there  be  the  smallest  trace  of  manganese  in  the 
substance  used. 

There  is  but  one  sulphuret  of  manganese.  It  is  found 
as  a  mineral,  and  formed  also  by  heating  oxide  of  manganese 
and  sulphur,  (page  468.)  It  is  precipitated  in  a  hydrated 
state,  when  a  solution  of  manganese  is  decomposed  by  bydro- 
sulphuret  of  ammonia.  Its  colour  is  then  flesh  red.  Its  for- 
mula is  Mn.S. 

The  detection  of  manganese  is  very  simple.    When  in  a 
solid  form  its  compounds  are  recognized  by  giving  before  the 
blowpipe  a  purple  glass  with  borax,  and  a  green  bead  with 
carbonate  of  soda.     In  solution,  if  the  manganese  be  as  pro- 
toxide, the  solution  is  colourless,  and  yields  with  the  caustic 
alcalies  a  white  precipitate,  (MnO)  rapidly  becoming  brown, 
(Mn304) :  with  the  alcaline  carbonates  a  white  precipitate, 
MnO.COs,  and  with  hydrosulphuret  of  ammonia,  a  flesh 
red  hydrated  sulphuret.     The  yellow  prussiate  of  potash 
precipitates  the  salts  of  manganese  pure  white,  if  there  be  no 
trace  of  iron  present.    When  the  manganese  is  not  in  the 
state  of  [protoxide,  the  solution  is  always  coloured-  red  or 
green.      These   solutions    are   decolorized  by  sulphurous 
acid,  and  by  sulphuretted  hydrogen,  which  absorbs  oxygen 
from  all  the  higher  degrees  of  oxidation,  and  a  colourless 
solution  of  protoxide  is  then  obtained,  which  gives  the  reac* 
tions  already  described. 

SECTION  IIL 

METALS  OF  THE  THIBD  CLASS. 

Of  Iron. 

This  is  the  most  extensively  distributed,  and  also  thci 
most  important  of  the  metals;  it  may,  indeed,  be  considered 
as  being  after  those  elements  necessary  to  the  functions  of 
animal  existence,  that  which  is  most  indispensable  to  man  for 
the  wants  of  ordinary  tife.    On  its  employment  and  applica-* 
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tions,  is  founded  every  important  step  which  marks  the  gradual 
progress  of  the  human  race  from  barbarism  to  civilization. 
The  difficulties  which  its  reduction  from  the  state  of  ore 
present,  the  variety  of  conditions  necessary  for  its  being 
successfully  wrought  into  useful  forms,  and  the  pre-eminent 
advantage  it  possesses  over  every  other  metal  for  the  con- 
struction equally  of  the  simplest  tool  and  the  most  complex 
machine,  for  the  implements  of  war  as  well  as  peace;  all  com- 
bine to  excite  the  energies  of  a  people  to  its  acquisition, 
whether  by  their  own  labour  or  by  commerce;  and  thus  im- 
pel them  to  mental  activity  and  civilization,  either  of  native 
and  independent  growth,  or  borrowed  from  more  advanced 
neighbours.  As  gold  and  jewels  hence  become  the  type  of 
ignorant  and  barbaric  pomp,  so  iron  may  be  regarded  as 
the  greatest  material  source  of  national  intelligence  and 
industry. 

Iron  exists  in  nature  under  a  variety  of  forms;  it  is 
found  native,  for  in  addition  to  loose  blocks  of  metallic  iron 
found  on  the  surface  in  various  countries,  and  to  which  a 
different  nature  may  be  assigned,  it  is  found  in  veins,  in 
mines,  in  Russia  and  America.  Its  most  abundant  form 
is  that  of  oxide,  either  pure,  forming  the  various  black  and 
magnetic  oxides,  the  hssmatite,  or  red  oxide,  &c.  or  combined 
with  carbonic  acid,  constituting  the  clay  iron  stone  from 
which  the  iron  of  commerce  is  principally  extracted.  Its 
sulphurets  are  also  found  in  abundance,  and  native  arseniates, 
phosphates,  sulphates,  and  other  salts  have  been  found. 

A  most  remarkable  source  of  iron  is  one  not  truly  terres- 
trial, but  that  occasionally  masses  appear  in  our  atmosphere 
at  great  heights  above  the  surface,  and  presenting  aU  the 
appearances  of  vivid  ignition  and  combustion ;  they  move 
generally  with  great  velocity  obliquely  towards  the  ground, 
and  generally,  before  touching,  or  at  the  moment  of  contact 
with  the  surface,  burst  with  an  explosion,  scattering  their 
fragments  to  considerable  distances.  These  masses  are 
termed  (sroUihes ;  they  consist,  in  general,  of  an  alloy  of  iron, 
with  some  nickel  and  chrome,  with  traces  of  other  metals. 
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and  are  generally  invested  with  a  vitreous  glaze  of  earthy 
matter,  which  is  constituted  of  ibinerals  (olivine  and  pyrox* 
ene)  found  native  in  volcanic  rocks.  The  only  theory  which 
can  explain  the  origin  of  these  meteors  is,  that  they  are  ex- 
pelled violently  from  the  active  volcanoes,  which  telescopic 
research  has  proved  to  exist  in  great  numbers  on  the  sur- 
face of  the  moon,  and  that  passing  beyond  the  limits  of  the 
attraction  of  our  satellite,  they  come  under  the  influence  of 
this  earth  and  fall  towards  its  surface.  No  such  substances 
are  ever  found  projected  from  terrestrial  volcanoes. 

The  general  principles  of  the  smelting  of  the  clay  iron 
stone,  have  been  already  noticed,  (p.  545,)  both  considering  it 
as  a  mere  carbonate  of  iron,  and  where  it  contains  clay,  silica, 
and  alumina,  so  as  to  render  lime  necessary  as  a  flux.  It  is, 
however,  a  remarkable  property  of  iron,  one  on  which  rests, 
perhaps,  its  most  useful  applications,  that  the  metal  so  ob- 
tained is  not  pure.  The  iron,  when  reduced,  combines  with 
a  quantity  of  carbon,  generally  about  five  per  cent.,  approxi- 
mating to  the  formula,  C  +  4.  Fe,  and  forming  cast  iron,  which 
is  easily  fusible,  whilst  the  pure  metal  is  almost  quite  infusible. 
The  castiron  is,  however,  not  by  any  means  a  pure  carburet  of 
iron,  it  contains  small  quantities  of  silicon  and  phosphorus, 
according  to  the  proportions  of  which  it  varies  in  properties, 
so  as  to  constitute  a  number  of  varieties,  known  in  the  arts 
by  their  colour  and  texture,  but  of  which  it  would  be  super- 
fluous to  speak  here.  When  cast  iron  remains  under  water 
for  a  considerable  time,  it  becomes  gradually  oxidized,  mag- 
netic oxide  of  iron  being  formed,  and  the  carbon  remaining 
under  the  form  of  a  spongy  mass,  preserving,  even  in  minute 
details,  the  figure  of  the  original  mass. 

Cast  iron  has  a  great  tendency  to  crystallize  in  becoming 
solid,  and  then  expands  powerfully ;  hence  its  property  of 
filling  up  the  most  minute  crevices  of  moulds  into  which  it  is 
poured  in  the  liquid  state,  and  its  multifarious  uses,  for 
making  eastings,  from  whence  it  derives  its  name. 

Pute  or  malleable  iron,  is  made  from  cast  iron  by  taking 
advantage  of  the  fact,  that  though  iron  and  carbon  are  both 
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combustible,  yet  carbon  is  the  more  so  of  the  two.  Hence 
if  cast  iron  be  melted  in  a  reverberatory  ftunace,  (see  p*  544,) 
and  exposed  to  a  current  of  air,  the  carbon  is  gradually 
burned  out;  the  metal  becomes  less  and  less  fusible,  and 
ultimately  breaks  up  into  an  incoherent  granular  mass  like 
sand ;  by  then  increasing  the  heat,  these  grains  agglutinate, 
and  are  worked  up  into  a  ball  about  the  size  of  a  large  loaf, 
which  is  taken  out  of  the  furnace  on  a  shovel,  and  subjected 
to  great  pressure  by  machinery.  The  soft  pasty  particles 
of  malleable  iron  are  thus  welded  to  each  other,'  and  any 
portions  of  liquid,  unaltered  cast  iron  that  might  remain,  are 
squirted  out,  as  water  would  be  by  pressure  from  the  pores  of 
a  sponge ;  this  lump  of  malleable  iron  is  then  passed  through 
a  succession  of  rollers,  driven  by  powerful  steam  engines; 
each  pair  of  rollers  having  a  smaller  interval  than  the  pre* 
ceding,  the  mass  is  gradually  elongated  into  a  bar,  and  finally 
is  delivered,  at  the  end  farthest  from  the  furnace,  in  the  form 
of  the  soft  bar  iron  of  commerce.  The  heat  evolved  by  the 
enormous  pressure,  to  which  the  metal  is  subjected  in  this 
process,  is  so  great,  that  the  bar  remains  soft  enough  to  be 
moulded  by  the  rollers  all  through  its  passage. 

This  process  by  the  reverberatory  furnace  is  termed  pud* 
ling,  and  has  been  very  much  improved  lately  by  burning  out 
the  carbon  by  means  of  a  certain  quantity  of  oxide  of  iron  or 
oxide  of  manganese.  Thus,  by  heating  together  two  parts  of 
cast  iron  and  one  of  scales  of  black  oxide  of  iron  from  a  forge» 
all  the  carbon  and  oxygen  pass  off  as  carbonic  acid,  and  the 
iron  of  both  remains  pure.  FcaOi  and  FcsCa  produce  Feu 
and  C,04. 

The  bar  iron  thus  obtained  differs  remarkably  from  the 
cast  iron  in  aU  chariacters :  it  is  soft,  flexible,  ductile,  and 
malleable,  none  of  which  properties  cast  iron  possesses*  It 
fuses  only  at  the  very  highest  temperature,  and  then  becomes 
only  semifluid.  It  is,  consequently,  quite  impossible  to  run 
it  into  moulds.  It  possesses,  however,  the  important  charac* 
ter  of  wekling  at  a  white  heat ;  that  is  to  say,  it  assumes  a 
doughy  consistance,  so  that  several  pieces  of  it  laid  together 
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may  be  kneaded  into  one  by  blows  of  a  hammer  or  by  pres- 
sure between  rollers,  so  as  to  form  a  single  mass,  the  pomts 
of  jonction  being  totally  undistinguishable.  It  is  thus  that 
soft  iron  is  always  worked,  at  a  white  heat.  Its  strength  is 
much  increased  by  several  pieces  being  thus  welded  together, 
and  hence  all  parts  which  require  to  possess  pecuUar  tena« 
city,  such  as  anchors,  &c.»  are  always  made,  not  in  a  # ingle 
piece,  but  by  thus  welding  together  a  bundle  of  small  bars. 

A  third  and  equally  important  form  in  which  iron  exists 
in  the  arts,  is  that  of  gieeL    Steel  is  intermediate  to  cast  icon 
and  bar  iron  in  constitution,  containing  generally  about  1*5 
per  cent,  of  carbon.     Steel  may  be  formed  directly  from  the 
oie  or  from  cast  iron,  by  proportioning  the  action  of  the  fuel 
and  of  the  air  in  the  furnaces,  so  as  to  leave  combined  with 
the  iron  as  much  carbon  as  constitutes  steeL    But  the  most 
important  and  curious  mode  of  making  steel  is  by  what  is  . 
termed  eemetUa$ion.    Bars  of  iron  are  laid  in  boxes,  imbed- 
ded in  powdered  charcoal,  and  exposed  for  scnne  hours  to  a 
full  red  heat ;  the  carbon  gradually  penetrates  through  the 
whole  substance  of  the  iron,  changing  it  into  a  bar  of  steel 
of  pretty  uniform  structure.    The  bar  becomes,  frequently, 
blistered,  from  gas  bubbles  foiming  in  its  substance.    This 
process  can  be  effected  even  though  the  carbon  may  not 
directly  touch  the  iron,  provided  oxygen  be  present;  car- 
bonic oxide  being  formed,  which  is  decomposed  by  the  iron, 
half  the  carbon  being  absorbed  and  carbonic  acid  given  off. 
It  is  the  escape  of  this  last  gas  under  the  form  of  bubbles  that 
produces  the  blistering  of  steel.    The  decomposition  of  the 
carbonic  oxide  takes  place  at  the  surface  of  the  bar  in  great 
part,  but  the  caarbon  is  transferred  from  particle  to  particle 
of  the  iron  until  the  entire  mass  assumes  the  same  constitu- 
tion..  Steel  is  harder  and  more  fusible  than  pure  iron,  but 
its  peculiar  hardness  is  given  to  it  only  when  it  has  been 
heated  to  redness    and   suddenly  cooled,  it  is   then  ex- 
ceedingly brittle,  hard,  and  elastic,  and  is  thus  fitted  for  its 
txtenuvevme  in  cutUng  instruments,  pivots,  files,  &c.     The 
steel  when  it  has  cooled  slowly,  is  so  soft  that  it  is  easily  en- 
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graved  upon,  cut,  and  may  be  welded  with  soft  iron  ;  the  in- 
strument  being  so  constructed,  it  is  heated  to  redness  and 
suddenly  cooled ;  it  is  thus  hardened,  but  is  still  unfit  for 
being  employed  until  it  is  tempered  to  the  particular  use 
for  which  it  is  destined  by  being  heated  in  oil  to  a  certain 
degree  and  then  allowed  to  cool  slowly.  By  this  means  the 
excess  of  hardness  is  got  rid  of,  and  the  steel  remains  of  the 
quality  required. 

The  peculiar  property  of  iron  and  steel  of  becoming  mag- 
netic, have  been  described  in  page  231.  Not  only  is  iron  in 
the  pure  state,  and  when  combined  with  carbon,  attracted  by 
the  magnet,  but  several  of  its  oxides  and  sulphurets  possess 
the  same  character ;  of  these,  one  constitutes,  indeed,  the 
natural  magnet,  the  native  loadstone. 

Pure  iron  is  bluish-white,  exceedingly  brilliant,  very  mal- 
leable and  ductile;  it  is  the  strongest  of  all  the  metals.  Its 
sp.  gr.  is  7*8.  It  becomes  pasty  when  intensely  heated, 
whence  its  remarkable  power  of  welding,  which  belongs  be- 
sides only  to  platinum  and  sodium. 

When  iron  in  mass  is  exposed  to  dry  air,  it  does  not 
become  oxidized ;  but  when  in  a  state  of  very  minute  divi- 
sion, it  takes  fire  when  gently  warmed,  and  bums,  forming 
peroxide  of  iron ;  when  strongly  heated  in  oxygen  gas,  as 
by  attaching  a  little  sulphur  or  a  bit  of  taper  wick  to  a  wire, 
and  plunging  it  into  a  vessel  of  oxygen,  it  bums  with  exceed- 
ing brilliancy,  and  forms  globules  of  black  oxide  of  iron, 
Fe304.  The  true  product  of  the  combustion  is  peroxide, 
Fe203,  but  this  loses  one-ninth  of  its  oxygen  by  the  intense 
temperature,  and  forms  the  black  magnetic  oxide.  It  is 
hence,  that  when  iron  is  burned  in  oxygen  gas,  the  oxide 
which  is  thrown  off  in  minute  grains,  collects  on  the  inside 
of  the  jar  as  peroxide,  but  the  larger  globules  which  are 
intensely  heated  for  some  time  before  they  melt  off  the  wire, 
are  reduced  to  the  state  of  black  oxide.  It  is  not  quite  cer- 
tain whether  iron  decomposes  water  in  the  absence  of  an  acid, 
but^the  presence  of  a  small  quantity  even  of  carbonic  acid 
produces  decided  action,  and  hence  the  rapid  corrosion  of 
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iron  in  damp  air^  forming  carbonate  of  iron  (rust.)  ,  In  dilate 
sulphuric  acid  iron  dissolves  with  great  rapidity,  evolving 
hydrogen,  which,  however,  is  very  impure,  for  even  the  soft- 
est iron  contains  traces  of  carbon  which  combines  with  some 
of  the  hydrogen,  forming  compounds,  which  g^ve  the  gas  a 
peculiar  odour,  and  colour  its  flame  yellow.  At  a  red  heat 
water  is  decomposed  rapidly  by  iron,  as  fully  described  in 
p.  399.  If  iron  be  immersed  in  water  holding  potash,  lime, 
or  soda  in  solution,  or  if  the  iron  be  covered  up  in  quick* 
lime,  all  rusting  is  prevented,  probably  from  any  carbonic 
acid  present  being  totally  taken  up  by  the  base. 

A  remarkable  property  of  iron,  though  not  absolutely 
peculiar  to  it  alone,  is,  that  when  placed  in  contact  with  the 
hydrated  nitric  acid,  sp.  gr.  1'35,  it  may  remain  unacted  on, 
becoming  ptusive ;  although,  under  ordinary  circumstances, 
it  is  rapidly  dissolved  by  that  acid  with  evolution  of  nitric 
oxide.  This  passive  condition  may  be  produced  in  many 
ways.  1st.  If  one  end  of  a  long  iron  wire  be  ignited,  and 
then,  when  cool,  the  wire  be  immersed  iq  the-aoidj  the  ignited 
end  being  dipped  first,  it  remains  unaltered.  2nd.  If  a  piece 
of  platina  wire  be  fastened  to  a  piece  of  iron  wire,  and  then 
immersed  in  the  acid,  the  platina  first.  3rd.  By  placing  a 
platina  wire  in  the  acid,  then  immersing  an  iron  wire  in  con- 
tact with  it,  the  platina  wire  may  be  withdrawn,  and  the  iron 
'  wire  remain  passive.  4th.  By  making  the  iron  wire  the  po- 
sitive pole  of  a  galvanic  battery.  5th.  By  contact  with  a 
wire  already  passive ;  thus,  an  iron  wire  being  immersed  in 
the  acid,  as  in  No.  3,  another  wire  may  be  put  in  contact 
with  it,  and  the  first  then  withdrawn,  and  so  on  for  an  unli- 
mited succession  of  wires.  These  are  not  the  only  methods, 
but  merely  the  most  remarkable. 

The  properties  of  iron  thus  rendered  passive  are  curious. 
It  appears  to  have  lost  all  tendency  to  unite  with  oxygen ;  it 
does  not  rust ;  it  does  not  dissolve  in  acids ;  it  does  not  pre- 
cipitate copper  from  its  solutions  ;  and  when  used  as  a  posi- 
tive electrode  for  a  voltaic  battery,  oxygen  is  evolved  from  it 
precisely  as  if  the  electrode  had  been  platinum.    We  do  not 
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A8  yet  know  the  tine  theory  of  these  effects.  The  most  avait 
able  explanation  is,  that  the  irooi  by  an  alteration  of  molecu- 
lar structure,  assumes  a  condition  by  which  it  becomes  similar 
in  its  electrical  relations  to  the  noble  metals.  It  is  possible, 
that  this  property  may  be  connected  with  the  equivalency  of 
two  equivalents  of  the  iron  and  manganese  group  of  metals 
to  one  of  chlorine,  and  that  when  by  a  change  of  molecular 
arrangement,  like  isomerism,  the  particle  becomes  Fes  in 
place  of  Fe,  it  is  incapable  of  acting  as  the  positive  element  in 
galvanic  or  chemical  combinations. 

The  equivalent  of  iron  is  not  so  accurately  known  as 
those  of  metals  much  less  important  and  less  common.  The 
best  determinations  make  it  about  339  upon  the  oxygen,  and 
S7*2  upon  the  hydrogen  scale.  Its  symbol  is  Fe^  from  its 
Latin  name. 

Oxides  of  Iron. — Iron  combines  with  oxygen  in  two  pro- 
portions, forming  a  protoxide  and  a  sesquioxide,  and  these 
again  unite  to  form  complex  oxides,  the  black  or  magnetic 
oxides  of  iron. 

Protoxide  of  Irm.—'EeO.  Equivalent  439  or  35-2.  This 
oxide  cannot  be  obtained  pure  in  a  dry  state,  from  the 
rapidity  with  which  it  absorbs  oxygen.  It  exists  as  the 
basis  of  a  very  extensive  class  of  salts,  the  green  or  proto- 
salts  of  iron.  From  their  solutions,  it  is  precipitated  by  an 
alcali,  as  a  white  hydrate,  which  rapidly  becomes  green,  and 
finally  brown-red,  from  absorption  of  oxygen.  If  we  attempt 
to  form  the  protoxide  by  processes  similar  to  those  described 
for  obtaining  protoxide  of  manganese,  the  iron  is  reduced 
either  to  black  oxide  or  to  the  metallic  state.  This  oxide 
exists  native,  combined  with  carbonic  acid,  in  the  common 
carbonate  of  iron,  and  is  the  form  in  which  the  metal  exists, 
dissolved  in  all  chalybeate  springs. 

Peroxide  of  Iron.—VeJ[)^.  Equivalent  978  or  78-4i. 
This  substance  exists  in  very  great  abundance  in  nature, 
crystallized  in  rhombohedrons,  being  isomorphous  with  the 
crystallized  alumina,  corundum.  This,  the  ologist  iron,  con- 
stitutes the  celebrated  Elba  iron  ore.     It  forms,  in  a  more  or 
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less  hydrated  condition,  the  Aema/fV^,  ofvarious  shades  of 
red  and  brown,  from  which  a  great  deal  of  the  best  iron  and 
steel  is  made.  It  exists  in  a  variety  of  minerals,  and  forms 
the  red  or  yellow  colouring  matter  of  clay  and  of  the  dif- 
ferent kinds  of  ochres.  I  have  noticed  that  when  iron  is 
burned  in  a  full  supply  of  oxygen,  this  red  oxide  is  formed, 
and  it  is  produced  also  when  iron  rusts,  for  the  protocarbo- 
nate  which  first  forms  is  gradually  decomposed,  abandoning 
its  acid,  and  absorbing  oxygen.  It  is  thus  that  the  margins 
of  chalybeate  springs  become  coated  with  an  ochrey  deposit; 
the  carbonate  of  iron  originally  dissolved  being  gradually 
converted  into  red  oxide,  whilst  the  carbonic  acid  passes  off. 

The  peroxide  of  iron  may  be  artificially  prepared,  by 
precipitating  a  solution  of  any  of  its  salts  with  an  alcali 
caustic  or  carbonated.  In  the  latter  case,  the  carbonic  acid 
is  given  off,  as  the  peroxide  of  iron  does  not  combine  with 
it.  The  hydrated  peroxide,  which  is  precipitated,  is  of 
a  light  reddish  brown  colour,  but  when  dried  it  becomes 
dark  brown.  Strongly  ignited,  it  becomes  nearly  black;  and 
indeed,  by  an  intense  heat  it  loses  some  of  its  oxygen, 
3(Fe903)  giving  S(Fe304)  and  O  escaping,  being  decom- 
posed just  as  the  sesquioxide  of  manganese,  but  requiring 
much  greater  heat.  The  peroxide  of  iron  combines  with 
acids  to  form  salts,  which  are  all  acid,  and  easily  decom- 
posed. They  will  be  described  hereafter.  Its  chenucal 
combinations  resemble  those  of  alumina  and  sesquioxide  of 
manganese,  with  which  they  are  isomorphous. 

When  a  solution  of  a  protosalt  of  iron  is  exposed  to  the 
air,  it  gradually  absorbs  oxygen,  until  two-thirds  of  the  iron 
becomes  peroxidized,  and  then  the  decomposition  ceases. 
The  liquor  then  contains  a  compound  oxide,  FeO  -|-  Fe^Oa, 
and  on  the  addition  of  a  caustic  alcali,  this  is  precipitated  as 
a  black  powder,  which  when  dry  is  powerfully  attracted  by 
the  magnet.  This  is  the  artificial  magnetic  oxide  of  iron. 
It  may  be  prepared  at  will,  by  taking  three  equal  portions  of 
protosulphate  of  iron,  and  peroxidizing  two  of  them  by 
of  a  little  boiling  nitric  acid,  then  mixing  the  solu- 
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tionsy  and  precipitating  the  whole  by  water  of  caustic  ammo- 
nia. The  precipitate  is  a  hydrate,  but  may  be  deprived  of 
the  water  without  alteration. 

This  magnetic  oxide  of  iron  exists  native  in  great  abun- 
dance ;  it  constitutes  the  common  loadstone,  and  is  that  pro- 
duced when  iron  is  oxidized  at  high  temperatures.  It  thus 
constitutes  the  scales  of  iron  which  form  in  smithys  and 
forges,  during  the  successive  heatings  and  hammerings  to 
which  the  metal  is  subjected.  These  scales  of  iron  are, 
however,  not  uniform  in  constitution,  and  are  hence  inferior 
as  a  steady  medicinal  agent  to  the  oxide  artificially  prepared 
by  precipitation. 

SulphureU  ^ Irotu^Sulphur  combines  with  iron  in  three 
proportions,  forming  the  protosulphuret,  the  sesquisulphu* 
ret,  and  the  bisulphuret.  These  again  combine,  so  as  to 
produce  complex  (magnetic)  sulphurets.  Other  degrees 
(subsulphurets)  are  problematical. 

Protosulphuret  of  Iron — Fe.S.  Equivalent  540*4  or 
43-8.  The  affinity  of  iron  for  sulphur  is  very  remarkable. 
If  a  rod  of  iron  be  heated  to  whiteness, .  and  then  touched  to 
a  stick  of  sulphur,  they  combine  with  energy,  and  the  sul- 
phuret  of  iron  flows  down  in  copious  drops.  If  vapour  of 
sulphur  be  made  to  gush  from  a  jet,  and  an  iron  wire  heated 
to  bright  redness  be  placed  in  it,  it  takes  fire,  and  burns 
with  scintillations  as  brilliantly  as  if  it  had  been  immersed  in 
oxygen  gas.  In  these  cases,  where  the  iron  is  in  excess,  the 
protosulphuret  is  formed.  It  is  most  conveniently  prepared 
by  heating  together  to  bright  redness,  in  a  crucible,  three 
parts  of  iron  filings,  or  turnings,  and  two  of  sulphur,  at  a  high 
temperature  the  resulting  mass  may  be  fused.  This  com- 
pound is  black,  its  fracture  yellowish.  It  dissolves  in  dilute 
acids,  evolving  sulphuret  of  hydrogen,  and  forming  a  salt  of 
protoxide  of  iron.  This  isalmostits  only  use  in  the  laboratory. 
The  manner  of  obtaining  sulphuret  of  hydrogen  from  it  has 
been  described  in  page  476.  This  protosulphuret  of  iron 
exists  sometimes,  though  rarely,  in  nature,  and  is  dangerous, 
particularly  in  coal  mines,  from  the  avidity  with  which,  when 
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moist,  it  absorbs  oxygen,  formiug  protosulpbate  of  iron, 
Fe.S  and  40,  giving  FeO.SOs;  during  which  process  it  oc- 
casionally becomes  so  heated,  as  to  set  fire  to  the  beds  of 
coal  near  it,  and  thus  cause  considerable  loss. 

This  sulphuret  may  be  prepared  in  the  moist  way  by 
adding  hydrosulpburet  of  ammonia  to  a  protosalt  of  iron, 
Thus,  Fe.CI  and  SH  +  NH3 produce Fe. S and  CIH  +  NH3. 
It  is  a  jet  black  powder,  which  dissolves  readily  in  acids,  and 
when  exposed  moist  to  the  air,  rapidly  absorbs  oxygen, 
forming  green  copperas. 

SesquisulpAuret  of  Iran. — ^Fe2S3.  Equivalent  1282  or 
102*7.  This  compound,  which  corresponds  to  the  peroxide, 
is  very  instable  in  constitution.  It  may  be  prepared  in  the 
moist  way  by  adding  to  a  persalt  of  iron  in  solution,  hydro- 
sulpburet of  ammonia.  A  black  precipitate  forms,  which 
may  be  dried  in  vacuo.  It  may  be  also  produced  by  heating 
peroxide  of  iron  in  a  current  of  sulphuretted  hydrogen  gas, 
water  being  formed.  It  is  not  attracted  by  the  magnet.  It 
dissolves  in  acids,  but  one-third  of  the  sulphur  is  precipi- 
tated, two-thirds  only  combining  with  hydrogen,  and  the  iron 
existing  in  solution  as  a  protosalt.  Thus,  FeSz  ^nd  2HC1 
pre  2(Fe.  CI)  and  2.  HS  with  deposition  of  S.  This  arises 
from  the  circumstance  that  peroxide  of  iron  is  reduced  by 
sulphuretted  hydrogen  to  protoxide,  water  being  formed, 
and  sulphur  set  free. 

Bisu/pAuret  of  Iron.— FeS^.  Equivalent  741  5,  or  594. 
This  substance  is  met  with  in  very  large  quantity  in  nature, 
constituting  the  iron  pyrites,  used  in  the  manufacture  of  sul- 
phuric acid  and  of  copperas.  It  is  dimorphous,  (pages 
372-376,}  and  in  its  two  forms  possesses  very  different  pro- 
perties. It  may  be  prepared  artificially  by  heating  together 
the  protosulphuret  in  a  state  of  minute  division,  with  half  its 
weight  of  sulphur.  When  the  excess  of  sulphur  has  been 
distilled  ofi^  there  remains  a  voluminous  yellow  powder,  not 
acted  on  by  the  magnet  and  insoluble  in  acids,  which  is  the 
bisulphuret  of  iron.  This  bisulphuret  of  iron  is  found  in  a 
variety  of  form  s^  which  belong  properly  to  the  different  kinds 
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of  native  oxides  of  iron,  which  being  probably  acted  on  b3P 
▼lipour  of  sulphur  from  volcanic  sources,  have  lost  their 
oxygen,  and,  without  being  melted,  have  changed  into  bisul- 
phuret.  It  is  also  found  simulating  the  figures  of  a  variety 
of  or^gmnic  remains,  as  nautili,  &c.,  where,  probably,  the  ani- 
mal having  perished  in  water  holding  traces  of  sulphate 
of  iron  in  solution,  the  hydrogen  compounds  evolved  by 
its  decomposition  have  reacted  on  the  sulphate  of  iron, 
abstracting  its  oxygen  and  producing  a  deposit  of  pyrites. 

Magnetic  Sulphurets  of  Iron. — Of  these  the  most  remark- 
able is  that  which  corresponds  to  the  magnetic  oxide,  having 
the  formula  Fe304  =:  FeS  +  Fe^Sa.  It  is  found  native  at 
Barege,  and  may  be  formed  by  exposing  to  a  red  heat  in 
close  vessels  the  bisulphuret  or  sesquisulpfauret;  The 
pyrites,  3  (FeS^),  producing  Fe3S4  and  S3  precisely  as  per- 
oxide of  manganese  3.(Mn03)  produces  O2  and  Mn304. 
If,  however,  the  heat  be  raised  too  high,  more  sulphur  is  ex- 
pelled and  another  kind  of  magnetic  sulphuret  VeSn  =  SFe& 
+  FcsSs  formed,  which  is  also  found  native,  and  which  cor- 
responds to  the  black  scales  of  oxide  of  iron  which  are 
5FeO  4-  Fe^Oa.  This  compound  is  always  formed  in  making 
the  protosulphuret,  if  there  be  an  excess  of  sulphur,  above 
the  proper  proportion,  used. 

The  seleniuret  and  phosphurets  of  iron  resemble  very 
closely  the  sulphurets.  Phosphuret  of  iron  exists  generally 
in  cast  iron  in  small  quantity. 

The  detection  of  iron  is  very  simple.  It  may  exist  in 
solution  in  the  state  either  of  protoxide,  black  oxide,  or  per- 
oxide, and  as  the  application  of  reagents  becomes  much  sim- 
pler in  the  last  case,  it  is  best,  when  the  object  is  only  to 
ascertain  the  presence  or  absence  of  iron,  to  boil  the  solu- 
tion with  a  few  drops  of  nitric  acid  by  which  any  iron  that 
may  be  present  is  peroxidised. 

A  solution  containing  peroxide  of  iron,  produces  with 
water  of  ammonia  a  reddish-brown  precipitate  ofhydrated 
peroxide ;  with  yellow  prussiate  of  potash  a  fine  prusaian 
blue ;  with  sulphoeyanide  of  potassium  a  deep  blood-red 
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colour^but  no  precipitate ;  with  a  solution  of  tannin  or  tinc- 
ture of  galls,  a  deep  violet  or  black.  With  sulphuret  of 
hydrogen  there  is  no  effect  except  the  separation  of  a  deposit 
of  pure  sulphur,  but  with  hydrosulphuret  of  ammonia  a  black 
precipitate  of  sesquisulphuret  of  iron. 

If  the  solution  contain  the  iron  only  as  protoxide,  ammonia 
produces  a  precipitate,  at  first  whitish  bat  rapidly  becoming 
bluish-green.  The  yellow  prussiate  of  potash,  a  precipitate, 
at  first  white,  but  rapidly  becoming  blue.  The  sulphocy- 
anide  of  potassium,  the  tannin  and  the  sulphuret  of  hydrogen 
are  without  efiect,  but  the  hydrosulphuret  of  ammonia  forms 
the  black  protosulphuret.  The  characteristic  reagent  for 
protoxide  of  iron  is  the  red  prussiate  of  potash,  which 
gives  Prussian  blue,  but  does  not  act  upon  the  solution  of 
peroxide. 

If  the  solution  contain  at  the  same  time  both  oxides,  the 
precipitate  by  ammonia  is,  from  the  commencement,  green  or 
black,  and  all  the  other  reagents  concur  in  the  demonstra- 
tion of  the  presence  of  the  two  states  of  oxidation  of  the 
metal. 

OfNicM. 

An  ore  which,  from  its  external  characters,  was  supposed 
by  the  German  miners  to  contain  copper,  but  resisted  all 
endeavours  to  extract  that  metal  from  it,  received  the  name 
of  kupfer-nickel,  or  deceitful  copper.  Subsequently  it  was 
found  to  consist  of  a  peculiar  metal  united  to  arsenic,  and 
this  metal  retained  the  name  nickel^  its  meaning  being  for- 
gotten or  lost  sight  of.  A  substance  found  in  commerce, 
termed  speiss,  a  residue  from  the  manufacture  of  smalts,  is 
also  an  arseniuret  of  nickel,  and  from  either  of  these  sources 
the  metal  is  generally  extracted. 

The  mass  containing  nickel  and  arsenic  is  dissolved  by 
a  mixture  of  nitric  acid  and  sulphuric  acid,  diluted  with 
water.  By  this  means  the  nickel  is  converted  into  sulphate 
of  its  oxide,  and  the  arsenic  into  arsenious  acid.  On  con- 
centrating the  liquor,  most  of  the  latter  is  got  rid  of  by 
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crystallization.  Carbonate  of  potash  is  then  to  be  added  to 
the  liquor,  until  the  green  precipitate  which  first  forma 
ceases  to  be  redissolved.  On  then  evaporating  and  cooling,  a 
double  sulphate  of  nickel  and  potash  is  obtained,  which,  by  two 
or  three  recrystallizations,  is  freed  from  all  traces  of  arsenic 
This  double  salt,  may,  however,  be  contaminated  by  iron  and 
copper;  from  the  first  it  is  separated  by  sulphuretted  hydrogen, 
and  from  the  last  by  the  solubility  of  the  oxide  of  nickel  in 
water  of  ammonia.  From  the  ammoniacal  solution,  the 
oxide  of  nickel  may  be  precipitated  by  oxalic  acid,  as  an  in- 
soluble oxalate,  which,  when  dried  and  heated,  gives  off  car- 
bonic acid,  and  leaves  metallic  nickel,  Ni.O  +  C2O3,  pro- 
ducing 2.CO3  and  Ni.  The  metallic  nickel  is  then  in  the 
form  of  a  very  light  sponge.  It  is  somewhat  more  fusible 
than  cast  iron  ;  of  a  silvery  white  colour.  It  does  not  rust 
when  exposed  even  to  damp  air.  Its  sp.  gr.  is  about  8*5. 
It  is  nearly  as  magnetic  as  iron,  and  retains  its  magnetism, 
resembling  in  that  respect  steel  rather  than  pure  iron.  In  its 
permanency  of  lustre,  nickel  resembles  the  precious  metals, 
and  its  alloys  are  of  singular  brilliancy  and  whiteness.  It  is 
hence  that,  added  to  brass,  in  the  proportion  of  one  to  five, 
it  is  employed  as  a  substitute  for  silver,  constituting  the 
German  silver,  nickel  silver,  argentine,  and  British  plate  of 
commerce,  as  well  as  the  packfong,  long  used  in  China. 

The  symbol  of  nickel  is  Ni ;  its  equivalent  869-7  or  29*6. 

Oxides  of  Nickel. — This  metal  combines  with  oxygen  in 
two  proportions,  forming  a  protoxide  and  a  sesquioxide. 
The  protoxide^  NiO,  is  prepared  by  precipitating  a  salt  of 
nickel  by  caustic  potash ;  a  grass-green  hydrated  oxide  of 
nickel  separates,  NiO  +  HO,  which  when  dry  gives  the 
pure  ash-grey  oxide.  This  is  the  only  oxide  of  nickel  which 
forms  salts.  It  is  not,  by  itself,  soluble  in  water  of  ammonia ; 
but  if  a  salt  of  nickel  be  decomposed  by  ammonia,  the 
precipitate  which  first  forms  is  dissolved  on  adding  aa 
excess  of  the  alcali,  forming  a  blue  solution,  in  a  great  de- 
gree characteristic  of  this  metal. 

The  Peroxide  of  Nickel^  NiaOa,   is   a  black  powder, 
prepared  by  boiling  the  protoxide  in  a  solution  of  chlo- 
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ride  of  lime ;  the  oxygen  of  the  lime  changes  the  pro- 
toxide into  peroxide^  S.NiO  and  CaO.CI  producing  Ni2.03 
and  CaCl.  When  ignited,  this  oxide  gives  oxygen  and  pro- 
toxide ;  with  muriatic  acid  it  forms  protochloride  and  chlo- 
rine.   It  does  not  form  any  true  salts. 

Nickel  is  easily  recognized  by  its  solutions  giving  with 
ammonia  a  green  precipitate,  which  dissolves  in  an  excess, 
forming  a  blue  solution,  and  by  giving  with  yellow  prussiate 
of  potash,  a  white  precipiute.  The  solutions  of  nickel  are 
not  precipitated  by  sulphuretted  hydrogen,  but  give  a  black 
sulphuret  of  nickel  with  hydrosulphuret  of  ammonia. 

The  sulphuret,  seleniuret,  and  phosphuret  of  nickel  do 
not  present  any  point  of  interest. 

Of  CobaU. 

The  name  of  this  metal  had  its  origin  in  a  still  more  sin- 
gular circumstance  than  that  of  the  preceding;  from  the 
bright  metallic  appearance  of  its  ores,  the  miners  of  the 
middle  ages  were  led  to  expect  an  abundant  produce,  but 
the  modes  of  reduction  then  in  use  were  employed  without 
avail ;  it  was  hence  imagined,  that  these  ores  were  specially 
protected  by  the  guardian  spirits  of  the  mines,  or  Kobolds, 
and  these  minerals  were  termed  Die  KobolcCs  erzey  the 
KobokTs  ores.  At  a  later  period,  a  peculiar  metal  was  ex- 
.  tracted  from  them,  and  as  the  older  name  had  been  corrupt- 
ed into  kobalt  ore,  the  metal  was  called  cobalt. 

Cobalt  exists  in  nature,  combined  with  arsenic  and  with 
sulphur,  it  is  universally  associated  with  nickel,  which  it 
resembles  so  closely  in  its  properties,  that  the  perfect  se- 
paration of  these  two  metals  is  one  of  the  most  difficult 
operations  in  analysis.     To  obtain  the  cobalt,  the  native 
arseniuret  is  roasted  in  a  current  of  air,  so  as  to  oxidize 
both  metals,  as  described,  p.  554.   The  residual  impure  oxide 
of  cobalt  is  sold  in  commerce  under  the  name  of  Zaffre. 
This  zafiVe  is  dissolved  in  muriatic  acid,  and  treated  with 
.  sulphuretted  hydrogen,  by  which  the  copper  and  arsenic 
are  separated.  From  the  filtered  liquor,  the  cobalt  is  thrown 
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down  by  carbonate  of  potash,  and  then,  to  free  it  from  oxide 
of  iron,  it  is  digested  with  oxalic  acid  which  dissolves  the 
peroxide  of  iron,  and  leaves  an  insoluble  oxalate  of  cobalt ; 
this  may  still  be  contaminated  with  nickel,  but  for  the  details 
of  the  separation  of  these  metals,  I  must  refer  to  more  ex- 
tended works. 

The  oxalate  of  cobalt,  when  ignited,  yields  carbonic  acid 
and  metallic  cobalt  in  a  spongy  form ;  it  melts  into  a  button 
more  easily  than  cast-iron  ;  it  is  reddish -grey ;  specific  gra- 
vity 8*5 ;  when  perfectly  pure,  it  is  not  susceptible  of  be- 
coming magnetic.  It  acts  upon  water  and  acids  more  rapidly 
than  nickel,  but  much  less  actively  than  iron  or  zinc.  The 
symbol  of  cobalt  is  Co,  and  its  equivalent  369,  or  29*6. 

Oxides  of  Cobalt. — Cobalt  combines  with  oxygen  to  form 
two  well  defined  oxides ;  a  protoxide  and  sesquioxide  ;  there 
is  also  a  complex  oxide,  and  a  compound  of  which  the 
constitution  is  not  well  known,  but  which  is  probably  a 
deutoxide. 

Protoxide  of  cobalt,  CoO,  is  prepared  by  adding  caustic 
potash  to  a  solution  of  a  salt  of  cobalt,  a  fine  blue  powder 
falls,  which  is  a  hydrate,  CoO. HO;  when  deprived  of  its 
water,  it  becomes  ash-grey :  it  is  the  only  oxide  of  cobalt 
which  forms  salts  with  acids. 

Sesquioxide  of  cobalt,  C02O3,  is  prepared  as  the  sesqui- 
oxide of  nickel ;  it  a  black  powder,  which,  with  hydrochloric 
acid,  gives  chlorine  and  protochloride ;  it  does  not  form 
salts. 

The  complex  oxide  is  C03O4  =  CoO  +  Co^Oa  similar  to 
the  magnetic  oxide  of  iron  and  red  oxide  of  manganese. 

Cobalt  is  recognized  in  solution,  by  producing  with  water 
of  ammonia,  a  blue  precipitate,  which  redissolves  in  an  excess 
of  the  alcali,  forming  a  liquor  which  is  of  a  fine  rose  colour, 
if  the  cobalt  be  pure,  but  brownish  red  if  nickel  be  present ; 
it  is  not  precipitated  by  sulphuretted  hydrogen,  but  is  thrown 
down  black  by  hydrosulphuret  of  ammonia.  The  most  re- 
markable test  for  eobalt,  is  its  power  of  colouring  glass  blue. 
The  most  minute  trace  of  this  metal  may  be  thus  reco^^ixed 
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before  the  blowpipe.  It  is^  indeed^  on  this  character  that  is 
founded  the  most  important  uses  of  cobalt  in  the  arts  ;  glass 
coloured  deep  blue  by  cobalt,  and  ground  to  an  impalpable 
powder,  constitutes  the  smalts  used  to  give  to  writing  paper 
and  to  linen  a  delicate  shade  of  blue.  The  blue  colours 
upon  porcelain  and  delft,  are  also  produced  by  cobalt ;  when 
speaking  of  magnesia  (p.  570)  and  alumina,  (p.  573,)  I  have 
noticed  the  assistance  given  by  cobalt  in  the  detection  of 
these  earths  before  the  blowpipe ;  alumina,  coloured  strongly 
blue  by  cobalt,  is  used  in  commerce  as  a  pigment,  cobalt  blue, 
in  place  of  ultramarine. 

The  blue  colours  of  cobalt'  are  spoiled  if  brought  into 
contact  with  chlorine  or  oxygen,  the  black  sesquioxide  of 
cobalt  being  formed.  If  paper  be  blued  by  smalts  without  the 
bleaching  liquor  having  been  well  washed  out  of  the  pulp, 
it  is  injured  by  acquiring  a  brown  tinge,  and  by  melting  to- 
gether cobalt-glass,  and  black  oxide  of  manganese,  a  deep 
black  glass  is  formed^  2(CoO)  and  MnO^  giving  C02O3  and 
MnO. 

The  sulphnret  and  seleniuret  of  cobalt  consist  of  an  equi- 
valent of  each  element,  but  do  not  require  notice. 

Of  Zinc. 

This  metal  is  found  in  nature  in  considerable  quantity, 
combined  with  sulphur,  forming  sulphuret  of  zinc,  zinc 
blende  /  also  as  oxide  of  zinc,  which  united  with  carbonic 
add,  or  with  sOicic  acid,  forms  the  two  varieties  oi  calamine* 
The  reduction  of  the  metal  is  effected  from  these  ores  re- 
spectively  on  the  principles  already  described  in  Chapter 
XII.,  but  from  the  volatility  of  the  metallic  zinc,  the  process 
18  carried  on  in  crucibles,  or  large  earthen  retorts,  in  place 
of  the  open  reverberatory  furnace.  In  England,  the  cruci- 
bles ate  closed  above,  but  perforated  at  the  bottom,  so  as  to 
admit  an  iron  tube  to  be  fitted  in,  the  top  of  which  rises  a 
little  above  the  surface  of  the  materials,  and  the  bottom  of 
which,  passing  through  the  floor  of  the  furnace,  opens  just 
over  the  surface  of  a  reservoir  of  water.    The  zinc,  when 
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reduced^  is  converted  into  vapour,  which  escapes  through 
the  tubci  condensing  when  it  gets  below  the  fire  into  a 
liquid  metal,  which  dropping  into  the  water,  solidifies.  In 
Silesia,  very  large  earthen  retorts  are  employed,  not  unlike 
those  figured  in  page  470,  for  the  preparation  of  German 
oil  of  vitriol. 

The  zinc  of  commerce,  as  thus  obtained,  is  impure;  it 
contains  traces  of  carbon,  iron,  cadmium,  and  often  arsenic. 
It  may  be  freed  from  the  fixed  impurities  by  redistillation  in 
an  iron  retort,  and  by  rejecting  the  portions  which  distil  over 
first,  and  which  contain  the  cadmium  and  arsenic,  it  may  be 
obtained  quite  pure.    It  is  owing  to  the  presence  of  these 
foreign  bodies  that  ordinary  zinc  dissolves  so  rapidly  in 
dilute  sulphuric  acid,  as  explained  in  page  2^.     It  is  a 
brilliant  bluish-white  metal,  of  a  very  crystalline  texture; 
its  singular  variations  of  tenacity  are  described  in  page  535. 
At  773^  it  melts,  and  at  a  full  red  heat  is  volatilized ;  its 
vapour  burning  in  air  with  a  splendid  white  flame,  and  form- 
ing clouds  of  oxide  of  zinc,  so  light  as  to  have  been  called 
by  the  older  chemists  lana  philosophica  and  nihil  album.  • 
When  exposed  to  the  air,  even  in  presence  of  water,  zinc  is 
not  continuously  oxidized.     It  becomes  covered  with  a  var- 
nish of  a  grey  substance,  probably   a   definite   suboxide, 
which  is  not  further  altered  by  exposure,  and  hence,  this 
metal  is  admirably  fitted  for  the  various  purposes  of  domestic 
and  technical  use  to  which  it  has  recently  been  applied.     In 
a  galvanic  circuit  of  two  metals,  zinc  is  almost  always  posi- 
tive, and  hence  it  preserves  the  other  metal,  even  if  it  be 
iron,  from  oxidation.     The  actual  corrosion  is,  however,  in 
this  case,  not  diminished,  but  rather  augmented  in  amount ; 
but  being  concentrated  solely  upon  the  zinc,  it  is  easy  to 
arrange  it  so  as  to  prevent  injury.     If  zinc  be  quite  pure,  it 
is  little  acted  upon  by  acids;  all  that  is  known  of  its  re- 
lations in  this  respect  has  been  already  described  in  pages 
319  and  401. 

The  symbol  for  zinc  is  Zn.    Its  equivalent  number  403*2 
or  32-8. 

Oxide  of  Zinc— ZuO.    Equivalent  503'2  or  40-3.    Al- 
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though  there  is  some  reason  to  suppose  the  existence  of 
other  oxides  of  zinc^  yet  at  present  we  possess  accurate 
knowledge  only  of  the  protoxide.  This  is  formed  when  the 
metal  is  burned  in  air  or  oxygen.  It  is  produced  also  when 
the  zinc  is  oxidized  by  the  decomposition  of  water,  either  at 
a  red  heat  or  assisted  by  an  acid.  To  form  the  oxide  by 
combustion,  it  is  sufficient  to  project  a  small  fragment  of 
zinc  into  a  crucible  heated  to  bright  redness,  and  slightly  in- 
clined, so  that  a  current  of  air  may  pass  through  it.  When 
the  metal  takes  fire,  another  crucible  is  to  be  placed  inverted 
over  the  first,  but  still  allowing  a  certain  access  of  air.  Tlie 
oxide  of  zinc  being  not  really  volatile,  but  only  mechanically 
carried  up  by  the  current  of  air,  is  deposited  on  the  inside 
of  the  upper  crucible,  as  a  loose  cottony  mass,  which  whilst 
very  hot  is  of  a  fine  canary  colour,  but  becomes  pure  white 
when  completely  cold. 

Such  is  the  tendency  of  oxide  of  zinc  to  enter  into  com- 
bination, that  the  precipitates  given  by  the  caustic  alcalies  in 
a  solution  of  a  salt  of  zinc,  are  merely  basic  salts,  and  not 
the  mere  oxide.  To  prepare  the  oxide,  a  solution  of  sul- 
phate of  zinc  is  to  be  decomposed  by  carbonate  of  soda ;  the 
precipitate  is  carbonate  of  zinc,  and  by  heating  this  to  red- 
ness in  a  crucible,  the  carbonic  acid  passes  off  and  the  oxide 
of  zinc  remains  pure.  This  oxide  is  a  powerful  base ;  it 
neutralizes  the  strongest  acids,  and  its  salts  are  some  of  the 
most  definite  and  characteristic  that  exist ;  they  are  easily  re- 
cognized. In  their  solutions,  the  caustic  alcalies  all  produce 
voluminous  white  precipitates,  which  are  redissolved  by  an 
excess  of  the  alcali.  An  alcaline  carbonate  gives  a  similar  pre- 
cipitate, which,  however,  is  not  redissolved  by  an  excess,  ex- 
cept it  be  carbonate  of  ammonia.  Hydrosulphuret  of  ammo- 
nia, produces  awhile  precipitate  of  hydrated  sulphuret  of  zinc, 
if  the  solution  be  not  very  acid.  Sulphuretted  hydrogen  does 
«o  only  if  the  solution  be  completely  neutral.  A  solution  of 
sific  with  much  free  acid,  is  not  afiected  by  sulphuretted 
hydrogen  either  free  or  combined. 

The  native  sulphuret  of^ncy  ZnS,  is  found  in  crystals  of 
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a  variety  of  colours ;  it  is  a  protosulphuret,  and  may  be  arti- 
ficially formed  by  melting  zinc  and  sulphur  together.  It  is 
decomposed  by  acids,  sulphuretted  hydrogen  being  given  off 
and  a  salt  of  zinc  produced. 

Of  Cadmium. 

This  metal  exists  but  in  small  quantities  in  nature ;  the 
only  ore  of  it  is  its  sulphuret,  a  mineral  but  lately  found 
and  still  very  rare ;  it  accompanies  almost  universally,  though 
in  small  quantities  only,  the  ores  of  zinc,  and  is  obtained  in 
the  working  of  zinc  ores,  by  taking  advantage  of  its  greater 
volatility.  The  details  of  its  purification  need  not  be  inserted. 
It  is  white  like  tin ;  it  is  more  fusible  and  more  volatile  than 
zinc  ;  its  specific  gravity  is  8*69 ;  it  dissolves  very  slowly  in 
dilute  sulphuric  acid  but  rapidly  in  dilute  nitric  acid ;  it  com- 
bines with  oxygen  only  in  one  proportion.  Its  symbol  is  Cd. 
and  its  equivalent  696*8  or  55*8. 

The  oxide  of  cadmium^  Cd .  O.  equivalent  796*8  or  63%  is 
obtained  by  processes  exactly  such  as  described  for  oxide  of 
zinc.  When  anhydrous,  it  is  an  orange  powder ;  its  salts, 
which  are  very  stable,  resemble  closely  those  of  zinc,  from 
which  they  are  distinguished  by  giving  with  sulphuretted 
hydrogen,  a  fine  yellow  precipitate,  and  with  carbonate  of 
ammonia  a  white  precipitate,  insoluble  in  an  excess ;  its  salts, 
like  those  of  zinc,  are  all  colourless. 

Sulphuret  of  cadmium,  Cd.S.,  is  found  native  near  Gree- 
nock ;  it  is  yellow  like  orpiment,  but  is  not  volatile  ;  it  does 
not  dissolve  in  water  of  ammonia  nor  of  potash. 

Of  Tin. 

This  metal,  from  the  ease  with  which  it  is  extracted  firom 
its  ores,  has  been  known  from  the  earliest  ages,  and  in  all 
countries,  both  of  the  east  and  west.  Before  the  working 
of  iron  was  discovered,  cutting  instruments  of  all  kinds  were 
made  of  an  alloy  of  tin  and  copper  (bronze),  ]|hich  in  hard- 
ness was  little  inferior  to  steel ;  but  from  its  incapability  of 
being  tempered  with  the  same  exactness,  was  only  an  imper- 
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feet  substitute  for  it.  It  was  from  the  tin  mines  of  Cornwall 
that  England  first  became  known  to  the  then  more  civilized 
nation  of  Phcenicia.  A  great  quantity  of  the  tin  of  commerce 
is  still  obtained  from  that  county.;  but^  in  addition,  it  is 
imported  from  Mexico  and  the  East  Indies.  The  tin  ore 
has  been  found  in  Ireland,  (county  Wicklow),  but  not  as  yet 
sought  for  with  a  view  of  extracting  the  metal  from  it. 

The  usual  ore  of  tui  is  the  native  peroxide,  which  is 
found  in  veins  and  also  in  fragments  in  the  soil  formed  by 
the  disintegration  of  the  rocks.  The  process  of  reduction  is 
the  simplest  possible,  the  ore  being  smelted  with  the  fuel,  as 
described,  p.  542.  The  metal  thus  obtained  is  still  further 
purified  from  any  admixture  of  foreign  metals  by  the  process 
of  liquation,  which  is  founded  on  the  easy  fusibility  of  pme 
tin.  The  ingots,  or  pigs  of  tin,  are  gently  heated,  until  they 
begin  to  melt,  and  then  the  heat  being  prevented  from  rising 
higher,  the  pure  metal  melts  completely  out,  leaving  behind 
the  impurities  combined  with  a  proportion  of  tin,  forming  a 
mass  of  less  commercial  value.  The  tin  thus  purified  b 
termed  grain  tin;  the  residual  mass  is  called  block  tin.  The 
former  is  known  by  presenting  the  appearance  of  a  mass  of 
irregular  columns,  like  those  formed  by  starch,  or  by  basalt, 
as  in  the  Giant's  Causeway,  and  emitting  when  bent  a  pecu- 
liar creaking  sound.  The  block  tin  possesses  these  charac- 
ters in  a  very  small  degree,  or  not  at  all. 

Tin  when  pure  is  white  like  silver,  brilliant,  and  after 
gold,  silver,  and  copper,  the  most  malleable  of  the  metals. 
It  is  very  soft,  may  be  bent  easily,  and  has  but  little  tena- 
city. Its  sp.  gr.  is  7*3.  It  is  one  of  the  most  fusible  of  the 
meuls,  melting  at  442^  Fah.  Tin  oxidizes  but  very  slowly 
in  contact  with  air  and  water,  and  is  hence  used  to  protect 
the  surface  of  the  more  easily  oxidable  metals,  particularly 
copper,  in  household  use.  It  dissolves  but  slowly  in  dilute 
muriatic  acid,  but  rapidly,  if  the  acid  be  strong  and  boiling; 
Nitric  acid  acts  with  great  energy  on  it  when  concentrated, 
forming  the  peroxide. 
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The  symbol  of  tin  is  Sn,  derived  from  its  Latin  name 
9iannum.    Its  equivalent  numbers  are  7^-3,  or  58'9. 

There  are  three  oi^ides  of  tin^  of  which  the  first  acts  as  a 
base,  the  second  appears  indifferent,  and  the  third  possesses 
acid  properties. 

Protoxide  of  71it.— SnO.  Equivalent  835-8,  or  669. 
On  adding  water  of  ammonia  to  a  solution  of  protochloride 
of  tin  a  copious  white  precipitate  is  obtainedj  which  does 
not  contain  ammonia,  but  is  the  hydrated  oxide,  SnO.HO. 
The  same  precipitate  is  produced  by  an  alcaline  carbonate, 
the  carbonic  acid  becoming  free.  When  this  white  hydrate 
is  heated  in  a  retort  filled  with  carbonic  acid  gas,  it  gives  off 
its  water,  and  the  true  protoxide  of  tin  remains  as  a  dense 
black  powder.  If  the  hydrate  be  heated  in  the  open  air  it 
absorbs  oxygen,  and  becomes  peroxide^  and  if  the  black 
protoxide  be  touched  when  cold  with  a  red  hot  coal  or  wire, 
it  inflames  and  burns  like  tinder,  forming  peroxide.  The  salts 
of  tin  may  be  formed  by  digesting  the  hydrated  oxide  in 
acids.  It  also  dissolves  in  solutions  of  the  caustic  fixed 
alcalies,  but  after  some  time  metallic  tin  is  deposited,  and  a 
compound  of  the  alcali  with  peroxide  of  tin  remains  dis- 
solved, 2SnO,  producing  Sn  and  SnO^.  This  protoxide  of 
tin  is  remarkable  for  its  tendency  to  unite  with  more  oxygen. 
Hence,  by  a  solution  of  a  protosalt  of  tin,  the  less  oxidable 
metals  are  reduced  from  their  solutions.  In  this  way  mer- 
cury, silver,  gold,  platina,  may  be  thrown  down  in  the  metal- 
lic state,  and  iron  and  copper  reduced  from  the  higher  to  the 
lower  degrees  of  oxidation. 

The  Sesquioxide  of  Tin,  Sn^Os,  is  prepared  by  boiling 
peroxide  of  iron  in  a  neutral  solution  of  protochloride  of  tin. 
The  sesquioxide  of  tin  precipitates,  and  protochloride  of  iron 
dissolves,  2.Sn.Cl  and  Fes03  producing  Sn^Oa  and  2.FeCL 
It  is  a  grey  powder ;  it  absorbs  oxygen  readily,  and  appears 
to  form  salts  which  have  been  as  yet  littie  examined. 

Peroxide  of  Tin.  Stawue  Aeid^—SnOa.  Equivalent 
93S-8,  or  74*9.    This  substance  is  produced  in  all  cases 
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where  tin  is  allowed  to  combine  with  oxygen  freely.  It 
exists  in  nature  constituting  the  common  ore  of  tin  {tin  stone). 
It  is  most  readily  prepared  artificially  by  pouring  the  liquid 
nitric  acid,  sp.  gr.  1*43,  on  metallic  tin,  in  foil  or  powder ; 
the  action  is  very  violent,  and  the  metal  is  totally  converted 
into  a  white  powder,  which  is  the  hydrated  peroxide.  By 
ignition  the  water  is  given  off,  and  the  anhydrous  oxide 
remains  of  a  pale  yellow  colour. 

If  the  perchloride  of  tin  be  decomposed  by  an  alcali,  a 
white  precipitate  of  hydrated  oxide  is  obtained,  in  appear- 
ance identical  with  that  prepared  by  nitric  acid,  but  so  di£> 
ferent  in  properties,  that  Berzelius,  and  after  him  many  che- 
mists, look  upon  them  as  isomeric  bodies.  He  calls  that  by 
mtric  acid,  a  peroxide,  and  that  from  the  }>erchloride,  /3 
peroxide,  and  their  properties  may  be  contrasted  as  fol- 
lows: 

The  a  modification  is  totally  insoluble  in  nitric  acid  and  in 
sulphuric  acid,  whether  strong  or  dilute.  It  is  insoluble  in 
muriatic  acid,  but  is  changed  by  it  into  an  insoluble  basic 
salt. 

The  /3  modification  dissolves  whilst  yet  moist  in  dilute 
nitric  and  sulphuric  acids  very  copiously  and  the  solution  is 
permanent,  if  some  salt  of  ammonia  be  added  to  it.  In  mu- 
riatic acid  it  dissolves  rapidly  and  copiously. 

The  two  modifications  of  oxide  of  tin  dissolve  in  solution 
of  caustic  potash,  and  when  again  precipitated  from  it  by  an 
acid  retain  their  original  properties.  These  modifications 
are  also  capable  of  being  transformed  into  each  other ;  the  a 
into  /3  by  distillation  with  strong  muriatic  acid,  and  the  /3 
into  a  by  boiling  with  nitric  acid. 

The  hydrated  peroxide  of  tin  reddens  litmus  and  com- 
Innes  with  alcalies  to  form  salts,  but  not  with  acids,  except 
in  the  /3  form.  It  is  used  in  the  arts  as  a  polishing  material 
under  the  name  of  puity^  and  in  glass  and  enamelling,  in 
order  to  give  the  milk  whiteness  used  for  dials  of  watches 
and  other  purposes. 

There  are  three  sulphurets  of  tin  corresponding  to  the 
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oxides.  The  proiosulphurei,  Sn.S,  is  precipitated  as  a 
brown  powder  from  a  solution  of  protochloride  of  tin  on  the 
addition  of  sulphuret  of  hydrogen.  It  thus  senres  for  the 
detection  of  tin  in  that  condition.  The  sesguUulphuret, 
BnSsi  is  of  no  importance. 

The  Bisulphurei  of  Tliit.— SnS2.     Equivalent  1137*6  or 
91*1.    May  be  prepared  by  decomposing  a  solution  of  per- 
chloride  of  tin  by  sulphuretted  hydrogen,  which  it  precipi- 
tates of  a  golden  yellow  colour.     This  is  a  strong  sulphur 
acid.  It  dissolves  readily  in  solutions  of  the  sulphurets  of  the 
alcaline  metals  forming  sulphur  salts.   If  it  be  strongly  heated 
it  abandons  an  atom  of  sulphur  and  is  converted  into  the  pro- 
tosulphuret.    It  may  be  also  prepared  in  the  dry  way,  and 
then  possesses  considerable  interest  as  being  one  of  those 
substances,  which  being  obtained  from  the  common  metals 
and  simulating  the  appearance  and  some  of  the  properties  of 
gold,  led  the  ancient  alchemists  to  the  belief  of  probable 
success  in  their  attempts  at  transmutation.    The  bisulphuret 
of  tin  may  be  prepared  in  the  dry  way,  according  to  several 
processes,  but  to  give  it  the  peculiar  lustre  which  obtained 
for  it  its  name  o{ mosaic  gold,  the  following  is  the  best  though 
not  the  most  simple;  twelve  parts  of  pure  tin  are  to  be  melted 
with  six  parts  of  mercury,  and  rubbed  up  in  a  glass  mortar 
with  seven  of  flowers  of  sulphur  and  six  of  sal-ammoniac. 
This  mixture  is  to  be  placed  in  a  glass  flask  and  heated  in  a 
sand  bath  until  no  more  fetid  white  vapours  are  given  offl 
The  heat  is  to  be  then  raised  to  dull  redness,  sulphuret  of 
mercury  and  chloride  of  tin  sublime,  and  the  mosaic  gold  re- 
mains in  the  bottom  of  the  vessel  in  metallic  looking  scales 
of  a  brilliant  gold  colour.  The  use  of  the  mercury  in  this  pro- 
cess is  to  facilitate  the  combination  of  the  tin  and  sulphur, 
and  the  sal-ammoniac  seems  by  its  evaporation  to  prevent  the 
temperature  becoming  so  high  as  to  decompose  the  bbul- 
phuret. 

The  seleniurets  and  phosphurets  of  tin  are  not  known. 

Tin  is  easily  recognized  in  solution  by  the  action  of 
hydrosulphuret  of  ammonia,  which  produces  with  solutions 
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of  the  peroxide  a  golden  yellow,  and  in  solutions  of  the  pro- 
toxide a  brown  precipitate.  These  both  dissolve  in  an  excess 
of  the  precipitant.  The  protoxide  of  tin  is  also  known  by 
its  power  of  reducing  the  salts  of  gold,  silver,  and  mercury 
to  the  metallic  state. 

Of  Chromium^  or  Chrome. 

This  metal  derives  its  name  from  the  variety  and  briU 
liancy  of  the  colours  of  its  compounds  (Xpwfiog.)  It  exists  as 
chromic  acid  combined  with  lead  or  with  copper,  in  some  rare 
minerals,  but  abundantly  as  chromic  oxide,  in  the  chrome- 
iron  ore.  (FeO  +  Cr203.)  It  is  from  this  source  that  all 
the  preparations  of  chrome  are  obtained  indirectly,  but  that 
ore  being  treated  upon  the  large  scale  for  the  manufacture 
of  chromate  of  potash,  it  is  this  salt,  as  found  in  commerce, 
that  may  be  looked  upon  as  the  source  of  chrome  for  all 
other  purposes.  The  metal  is  obtained  by  mixing  the  oxide 
with  lampblack  and  oil,  and  exposing  it  to  an  intense  heat 
in  a  crucible  lined  with  charcoal.  It  is  a  greyish-white 
metal,  very  infusible,  brittle,  not  magnetic,  and  sp.  gr.  5'9  or 
6*0.  It  is  not  attacked  by  dilute  sulphuric  or  muriatic  acids, 
but  dissolves  in  hydrofluoric  acid  with  evolution  of  hydrogen 
gas. 

Chrome  combines  with  oxygen  in  two  proportions,  form- 
ing an  oxide  and  an  acid.  Its  symbol  is  Cr^  and  its  equiva- 
lent numbers  are  351-8  or  28*19. 

Oxide  of  Chrome.— CrftO;^.  Equivalent  1003*6  or  80*4. 
May  be  obtained  by  a  great  variety  of  processes.  Thus  if 
chromate  of  mercury  be  heated  to  redness  the  oxide  of  mer- 
cury and  half  the  oxygen  of  the  chromic  acid  are  expelled, 
and  the  chromic  oxide  remains  of  a  beautiful  green  colour. 
If  bichromate  of  potash  be  mixed  with  sal-ammoniac  and 
heated  to  redness,  chloride  of  potassium,  water,  nitrogen, 
and  oxide  of  chrome  result,  and  the  latter  is  obtained  pure 
by  washing  the  residual  mass  with  boiling  water.  In  this 
process,  gCrOa-^KO  and  a.NH4  produce  KQ,  N,  4HO 
and  CrsOa*    The  oxide  so  obtained  is  pulverulent,  but  it  may 
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be  obtained  crystallized  as  follows:  the  vapour  of  a  com- 
pound which  will  be  hereafter  described,  chlorochromic  acid, 
is  to  be  passed  through  a  tube  of  hard  glass  kept  at  a  full  red 
heat,  oxygen  and  chlorine  gases  are  given  off,  and  oxide  of 
chrome  is  deposited  on  the  inside  of  the  tube  in  rhombic 
octohedronsyisomorphous  with  those  found  native  of  alumina 
(corundum)  and  peroxide  of  iron«  The  chlorochromic  acid 
2(Cr03Cl)  giving  off  2C1  and  O  and  CrsOs  remaining. 

This  oxide  of  chrome  is  the  basis  of  an  extensive  class 
of  salts,  and  it  may  ako  be  obtained  by  precipitation  from 
any  solution  containing  it.  Its  salts  are  generally  made 
from  the  bichromate  of  potash*  of  commerce,  by  the  addition 
of  some  deoxidating  agent  and  the  necessary  acid.  Thus, 
to  form  sulphate  of  chrome,  a  solution  of  bichromate  of 
potash  is  warmed,  and  treated  successively  with  sulphuric 
acid  and  alcohol,  until  its  orange  colour  is  changed  into  deep 
green.  The  liquor  then  contains  the  double  sulphate  of 
chrome  and  potash,  (chrome  alum)  and  from  it  the  oxide 
maybe  precipitated  on  the  addition  of  an  alcali,  as  a  pale 
green  hydrate.  In  this  condition,  the  oxide  of  chrome  dis- 
solves readily  in  acids,  and  also  in  solutions  of  the  fixed 
caustic  alcalies,  but  scarcely  in  ammonia,  resembling  very 
closely,  in  all  these  characters,  alumina.  Its  solutions  are 
either  green  or  purple,  and  it  is  probable  that  this  difierence 
is  due  to  more  than  a  mere  difference  in  the  degree  of  con- 
centration. When  the  hydrated  oxide  is  heated  nearly  to 
redness,  it  suddenly  begins  to  glow  like  tinder,  giving  off  its 
water,  and  losing  its  solubility  in  acids,  except  they  be  hot 
and  concentrated.  It  is  remarkable,  that  sulphate  of  chrome, 
made  from  the  ignited  oxide,  wQl  not  combine  with  sulphate 
of  potash  to  form  a  chrome  alum. 

Chromic  Acid.— CrO^.  Equivalent  651-8  or  52'2.  To 
prepare  this  acid,  a  solution  of  bichromate  of  potash  is  to  be 
treated  by  hydrofluosilicic  acid  gas,  until  the  potash  has 
been  precipitated  completely.  The  resulting  liquor  is  to 
be  cautiously  evaporated  to  dryness,  and  then  redissolved 
in  a  small  quantity  of  water.    The  solution  is  of  a  dark 
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brownish-red,  and  when  evaporated  again  gives  the  dry 
chromic  acid*  It  may  be  obtained  in  a  beautiful  form, 
though  not  in  quantity,  by  decomposing  the  vapour  of  the 
perfluoride  of  chrome  by  a  moistened  slip  of  paper.  Cr.Fs 
and  3HO  produce  3.HF  and  CrOa,  which  last  is  deposited 
on  the  surface  of  the  paper  in  crimson  scales  and  needles  of 
great  brilliancy.  This  acid,  when  heated  strongly,  gives  up 
half  its  oxygen,  being  reduced  to  the  state  of  oxide.  It  com- 
bines with  bases,  forming  several  important  classes  of  salts, 
in  which  it  is  isomorphous  with  the  sulphuric  and  manganic 
acids.  Its  salts  are  all  coloured,  generally  yellow,  orange^ 
or  red.     They  will  be  described  in  another  chapter. 

Chromium  is  characterized  b^  the  remarkable  colours 
of  its  compounds  when  dissolved,  and  by  giving,  when  in  the 
state  of  oxide,  a  green  precipitate  with  the  alcalies.  In  the 
state  of  acid,  it  is  known  by  producing,  with  the  salts  of 
lead,  a  yellow,  and  with  the  salts  of  the  black  oxide  of  mer- 
cury, an  orange  precipitate.  It  is  at  once  recognized  by  the 
beautiful  green  colour,  which  it  communicates  to  glass.  It  is 
on  this  account  extensively  used  in  staining  glass  and  paint- 
ing on  porcelain,  and  a  number  of  its  salts  are  employed  as 
pigments  and  as  dyes. 

By  the  action  of  deoxidizing  agents,  as  sulphurous  acid 
or  sugar,  upon  bichromate  of  potash,  a  brown  substance  is 
generated,  concerning  the  nature  of  which  opinion  is  very 
much  unsettled.  There  is  reason  to  suspect  the  existence  of 
a  peroxide  of  chrome,  CrOa,  which  this  matter  may  possibly 
be.  When  it  is  washed  with  much  water,  or  digested  in 
alealine  liquors,  chromic  acid  is  dissolved  out  and  oxide  of 
chrome  remains,  Cr^Oa  +  CrOa  =  3. CrOa. 

The  solphurets,  seleniurets,  and  phosphurets  of  chrome 
are  not  important. 

Of  Vanadium. 
This  metal,  of  recent  discovery,  derives  its  name  from 
Vanadis,  a  deity  of  Scandinavian  mythology.    It  is  found 
native .  as  vanadic  acid,  in  a  very  rare  mineral,  vanadiate  of 
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lead,  but  is  of  so  little  importance  that  a  slight  notice  of  it 
will  suffice,  although  it  forms  a  great  variety  of  combinations 
which  resemble,  very  remarkably,  those  of  manganese  and 
chrome.  The  metal  itself  has  been  obtained,  but  of  its  pro- 
perties nothing  positive  is  known.  Its  symbol  is  V ;  its 
equivalent  numbers  856*9  or  68*7. 

The  Protoxide  of  Vanadium,  VO,  is  a  black  powder 
formed  by  acting  on  vanadic  acid  at  a  red  heat  with  hydrogen 
gas.  It  combines  with  acids  forming  salts  which  resemble 
probably  those  of  the  protoxide  of  manganese.  When  heated 
in  the  air  it  absorbs  oxygen  and  becomes  vanadic  oxide^ 
VO9,  which  b  a  base  combining  with  acids  and  forming  salts 
which  are  generally  blue.  ^  It  acts  also  as  an  acid,  forming 
crystallizable  salts  with  the  fixed  alcalies. 

The  Vanadic  Acid,  VO3,  resembles  very  much  the  chromic 
and  manganic  licids.  It  is  a  red  powder  which  may  be 
melted  at  a  red  heat  without  losing  oxygen.  It  is  very 
slightly  soluble  in  w&ter.  It  forms  various  classes  of  salts,  of 
which  some  are  white,  some  yellow,  and  others  orange  red. 
In  these  characters  it  resembles  the  chromic  acid,  but  it  is 
distinguished  from  chrome  by  producing,  when  deoxidized, 
a  blue  solution,  whilst  that  from  chrome  is  green. 


SECTION  IV. 

METALS    OF    THE    FOURTH   CLASS. 

Tungsten  and  Molybdenum. 

Tungsten. — This  metal  exists  combined  with  oxygen  as  tung- 
sticacid,in|the  native  tungstates  of  lime  and  iron ;  by  boilingthe 
tungstateoflimein  strong  muriatic  acid,  the  lime  is  dissolved 
out  and  tungstic  acid  remains  as  a  yellow  powder,  ^hich 
may  be  further  purified  by  solution  in  water  of  ammonia  and 
igniting  the  dried  tungstate  of  ammonia.  It  is  a  deep  yellow 
powder  which  forms  well  defined  crystallizable  salts  with  the 
alcalies.  The  symbol  of  tungsten  is  W,  from  its  German 
name   Wolfram^  and  its  equivalents   1188  or  94*8.    The 
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tungstic  acid  resembles  the  chromic  acid»  being  WOa* 
When  this  acid  is  exposed  to  a  current  of  hydrogen  gas  at 
a  temperature  about  dull  redness,  it  loses  one-third  of  its 
oxygen  and  forms  tungstic  oxide,  W02>  of  a  copper-red 
colour.  This  may  be  also  formed  by  diffusing  tungstic  acid 
through  dilute  muriatic  acid  in  which  a  slip  of  zinc  is  im- 
mersed, the  nascent  hydrogen  then  effects  the  deoxidation. 
At  a  full  red  heat,  hydrogen  reduces  tungsten  to  the  metallic 
state,  removing  all  the  oxygen.  The  metal  is  like  iron  in  ap- 
pearance, and  very  heavy,  its  sp.  gr.  being  about  17*5. 

The  most  curious  fact  in  the  history  of  tungsten  is  its  pro^ 
ducing  a  substance  having  an  extraordinary  similarity  to 
gold.    It  is  prepared  by  adding  to  fiised  tungstate  of  soda  as 
much  tungstic  acid  as  it  will  dissolve,  and  exposing  the  product 
at  a  full  red  heat,  to  a  current  of  hydrogen  gas ;  the  residual 
tungstateofsodaisthentobedissolvedout.  The  new  compound 
which  consists  of  tungstic  oxide  united  to  soda  NaO  -f-  2WO3 
remains  in  scales  and  cubes  of  a  splendid  gold  colour.     It 
resists  the  action  of  acids  and  alcalies,  even  of  aqua  regia,  in 
which  gold  dissolves,  and  only  yields  to  strong  hydrofluoric 
acid.     Had  it  been  discovered  at  an  earlier  period  in  science, 
it  might  have  lent  exceedingly  plausible  support  to  the  be- 
fief  in  transmutation.     It  is  the  more  curious  as  it  cannot  be 
formed  by  directly  combining  soda  with  tungstic  oxide,  which, 
indeed,  appears  unable  to  unite  either  with  alcalies  or  acids. 
There  exist  two  sulphurets  of  tungsten,  W.S2  and  W.Ss 
of  which  the  latter  is  the  most  interesting.    It  is  formed  by 
dissolving  tungstic  acid  in  hydrosulphuret  of  ammonia  and 
precipitating  by  an  acid.    It  is  a  blackish-brown  powder,  and 
one  of  the  strongest  sulphur  acids.    Many  of  its  compounds 
with  the  sulphurets  of  the  alcaline  metals  may  be  crystallized. 
Molybdenum. — This  metal  exists  combined  with  sulphur, 
and  also  with  oxygen,  as  molybdic  acid,  in  some  minerals.   It 
is  not  of  any  considerable  interest.     When  obtained  in  the 
metallic  state  it  is  white,  sp.  gr.  8*6,  acted  on  only  by  concen- 
trated nitric  and  sulphuric  acids,  and  by  aqua  regia.    Its  ^ 
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symbol  is  Mo.  Its  equivalent  598*6  or  47*9.  It  combines 
with  oxygen  in  three  proportions. 

Mdybdie  Acid. — MoOj.  Is  easily  prepared  by  roasting 
the  native  sulphuret  of  molybdenum ;  the  sulphur  burns  out 
as  sulphurous  acid  gas  and  the  molybdenum  absorbing 
oxygen  remains  as  molybdic  acid.  This  may  be  purified  as 
described  for  tungstic  acid.  Molybdic  acid  prepared  at  a  low 
temperature  is  white,  but  becomes  yellow  when  fused  at  a  red 
heat  It  is  sparingly  soluble  in  water.  It  dissolves  in  alcaline 
liquors  forming  salts  which  are  neutral  and  crystallisable. 

Mohfbdie  Oxide. — M0O3.  Is  best  prepared  by  mixing 
togedier  molybdate  of  soda  and  sal-ammoniac  in  a  crudUe, 
and  igniting  the  mass  rapidly.  When  the  product  is  washed 
with  water  a  dark  brown  powder  is  obtained,  which  is 
molybdic  oxide.  Thb  oxide  appears  to  form  saks  with 
both  acids  or  akalies,  of  which  some  may  be  crystallized. 
A  molybdate  of  molybdenum,  or  rather  a  complex  oxide,  also 
exists,  Mo.Os  +  SMo^Oa  =  MoaOe*    It  is  a  blue  powder. 

When  a  solution  of  a  molybdate  is  decomposed  by  as 
much  muriatic  acid  as  redissol ves  the  molybdic  acid,  whichis  at 
first  thrown  down,  and  a  slip  of  zinc  is  immersed  in  the  liquor, 
the  hydrogen  evolved  deoxidises  the  molybdic  acid,  and  a 
precipitate  is  formed  upon  the  zinc,  at  first  blue,  then  brown, 
and  finally  black ;  thus  passing  through  all  the  intermediate 
degrees  to  the  last,  tfaa  moUfbdow  oxide,  MxkO.  This  is 
a  very  feeble  base,  forming  with  acids,  salts  which  do  not 
ciystalliae. 

Sulphur  combines  with  molybdenum  in  three  proportions, 
forming  M0.S9,  Mo^Ss,  and  Mo.S<.  Of  these  the  bisul- 
phuret,  Mo.Sii,  is  important  as  being  the  native  ore  from 
which  the  metal  and  its  compounds  are  generally  prepared* 
It  is  a  soft  grey  substance,  so  like  black  lead  as  to  have  been 
mistaken  for  it  until  its  nature  was  pointed  out  by  Scheele. 
All  these  sulphurets  are  sulphur  acids,  and  form  salts. 
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Of  Osmium. 

This  metal  exists  iii  nature  alloyed  with  iridium^  and  ac* 
companies  the  ores  of  platinum.  The  methods  of  its  extrac- 
tion from  these  ores  are  so  complex  and  circuitous  that  1 
shall  not  introduce  them  here.  In  the  systematic  works  a 
complete  account  of  the  processes  pursued  will  be  found. 

The  most  interesting  property  of  osmium  is  its  forming  a 
highly  volatile  oxide  of  an  exceedingly  penetratmg  odourj 
whence  the  name  (oa/ii|.)  When  this  is  dissolved  in  muriatic 
acid^andplacedincontactwithmercury,  the  osmium  is  reducedi 
and  by  distilling  off  the  mercury  it  is  obtained  as  a  black  pow- 
der ;  but  by  heat  and  compression  it  may  be  rendered  cohe- 
rent, and  of  a  brilliant  white  colour.  In  the  state  of  powder, 
osmium  bums  when  heated  to  redness  in  the  air,  and  is  oxi- 
dized by  nitric  acid,  but  loses  both  these  characters  when 
Ignited.  The  symbol  of  osmium  is  Os.  Its  equivalent  is 
1£44'5  or  99*7.    It  combines  with  oxygen  in  three  propor^ 

tiODS. 

The  Otmic  Acid,  or  Peroxide  of  Osmium. — Os.04.  Is 
always  formed  when  osmium  is  burned  in  air  or  in  oxgyen  gas. 
It  condenses  in  long  white  needles.  Its  odour  is  remarkably 
acid  and  pungent.  It  melts  at  SIS^',  and  boils  at  a  heat  little 
higher.  It  is  soluble  in  water.  The  solution  has  no  action 
on  vegetable  colours,  but  it  combines  with  the  alcalies  form- 
ing osmiates. 

The  Osmic  Oxide ,  Deuioxide  of  Osmium. — Os.Os*  Is 
produced  by  the  decomposition  of  a  solution  of  osmiate  of 
ammonia,  by  a  temperature  of  150^,  nitrogen  gas  is  given  off 
and  a  brown  powder  is  deposited. 

Hie  Proioxiiie  of  Osmium  is  produced  by  decomposing  a 
solution  of  protochloride  of  osmium  by  potash,  a  deep  green, 
almost  black,  powder  is  thrown  down,  in  which  the  oxide  is 
combined  with  water  and  traces  of  the  alcali. 

The  sulphurets  of  osmium  are  not  known. 
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Columbium,  or  Tantalum. 

This  metal  was  discovered  first  in  an  American  minerali 
from  whence  its  name;  it  was  subsequently,  but  independently* 
discovered  in  some  very  rare  Swedish  minerals,  and  from  the 
difficulty  of  its  extraction  the  name  tantalum  was  given  to  it, 
which  it  still  bears  upon  the  Continent,  and  from  whence  its 
symbol  is  Ta.  The  process  required  to  prepare  it  need 
not  be  described,  as  it  is  similar  to  that  for  obtaining  silicon. 

Metallic  Columbium,  or  Tantalum,  is  a  black  powder, 
which,  when  burnished,  appears  iron  grey.  No  acid  but  the 
hydrofluoric  appears  to  have  any  action  on  it.  It  takes  fire 
when  heated  in  the  air  and  bums  vividly.  Its  equivalent 
numbers  are  S30*7  or  185.  It  combines  with  oxygen  in  two 
proportions. 

Tanialicy  or  Columbic  Acid, — ^Ta.Oa.  Exists  native  in 
all  the  minerals  containing  the  metal.  To  procure  it,  the 
mineral  is  fused  with  carbonate  of  potash,  and  the  tantalate 
of  potash,  which  is  soluble,  is  to  be  decomposed  by  muriatic 
acid.  The  tantalic  acid  precipitates  as  a  white  powder  which 
contains  water,  and  reddens  litmus  paper.  When  tantalic 
acid  is  heated  strongly  in  a  crucible  with  charcoal,  but  a 
slight  fihn  of  it  is  reduced  to  the  metallic  state,  the  great  mass 
being  brought  only  to  the  state  of  iantalic  oxicle,  TaO^.  This 
substance  is  grey.     It  is  insoluble  in  all  acids. 

The  similarity  of  tantalum  to  silicon  is  very  great ;  it  re- 
sembles it  in  forming  with  fluorine  and  potassium  a  double 
fluoride  from  which  the  metal  is  obtained. 

Titanium, 

This  metal,  although  not  met  with  in  large  quantities,  is 
yet  found  in  a  great  variety  of  minerals.  It  is  not  found  na- 
tive in  a  metallic  state  but  combined  with  oxygen,  forming 
titanic  acid.  To  obtain  metallic  titanium,  the  volatile  per- 
chloride  is  employed.  This  body  absorbs  ammonia,  form- 
ing a  white  substance,  Tl.CU  +  S.NH3,  which  when  heated 
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to  redness  gives  metallic  titanium,  with  sal-ammoniac  and 
nitrogen^  the  hydrogen  carrying  off  the  chlorine.  It  is  of  a 
bright  copper  colour^  almost  perfectly  iniiisible.  Titanium 
exists  in  most  of  the  clay  iron  stone^  and  hence  being  re- 
duced during  the  smelting  of  the  iron,  is  found  in  the  slags, 
crystallized  in  cubes  of  excessive  hardness  and  brilliancy, 
sp.  gr.  5*3.  This  metal  is  not  acted  upon  by  any  acid  except  a 
mixture  of  nitric  acid  with  hydrofluoric  acid,  and  b  oxidized, 
but  very  slowly,  by  melted  nitre.  It  is  perfectly  unalterable 
by  air  or  water.  Its  symbol  is  Ti.  Its  equivalent  numbers 
S03'7  or  S4*3y  and  it  combines  with  oxygen  in  two  propor- 
tions. 

TUamc  Add, — ^TiO^.  Exists  native,  constituting  the  mi- 
neral nUile,  isomorphous  with  tin  stone  (Sn02),  and  also  in 
the  mineral  anatase.  More  abundantly  it  is  found  in  the 
titanic  iron,  ilmenite,  the  formula  of  which  is  FeO.TiOQ,  and, 
which  IS  very  remarkable,  from  having  the  same  crystalline 
form  as  peroxide  of  iron  FegOa,  so  that  the  titanium  would 
appear  to  replace  the  second  atom  of  iron  and  the  formula  to 
be  Fe.Ti  -h  Oa.  This  is  merely  speculative,  however,  as  iron 
is  never  isomorphous  with  tin,  and  in  no  other  case  with 
titanium,  and  I  hence  consider  this  instance  as  one  of  the 
coincidences  of  form  described  in  pages  360  and  367. 

Titanic  acid  is  artificially  prepared  from  the  titanate  of 
iron  by  igniting  it  with  sulphur.  The  oxide  of  iron  and  sul- 
phur form  sulphurous  acid  and  sulphuret  of  iron,  and  when 
this  last  is  dissolved  out  by  muriatic  acid,  the  titanic  acid  re- 
mains behind*  It  requires  other  processes  to  render  it  abso- 
lutely pure  which  need  not  be  described  here.  It  is  a 
pure  white  powder,  resembling  silica  very  remarkably  in  its 
properties,  and  like  it  having  a  soluble  and  an  insoluble  mo- 
dification. It  is  remarkably  characterized  by  its  solution  in 
muriatic  acid,  giving  with  tincture  of  galls  an  orange  precipi- 
tate, and  by  the  immersion  of  a  slip  of  zinc  a  fine  purple 
powder  which  is  oxide  of  titanium^  Ti.O ;  the  second  atom  of 
oxygen  being  removed  from  the  acid  by  the  nascent  hydro- 
gen.    This  oxide  of  titanium  may  also  be  procured  by  igni« 
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ting  titanic  acid  with  charcoal ;  it  is  then  a  black  powder  in- 
soluble in  all  acids. 

The  Bisulphuret  of  TUaniam. — Ti.S^.  Is  a  strong  sulphur 
acidy  but  not  otherwise  important. 

Of  Arsenic. 

This  metal  exists  in  nature  in  a  great  variety  of  forms, 
and  in  considerable  quantity.  It  is  found  native,  but  more 
generally  combined  with  other  metals,  as  nickel,  cobalt,  iron ; 
being  considered,  like  oxygen  and  sulphur,  as  a  mneralixer 
of  other  metals.  Combined  with  sulphur  it  constitutes  the 
native  orpiment  and  realgar ;  and  with  oxygen,  as  arsenic 
acid,  it  is  united  with  metallic  oxides  in  the  native  arseniates 
of  lime,  of  iron,  of  lead,  &c.  The  great  proportion  of  the 
arsenic  of  commerce  is  obtained  in  the  roasting  of  the  cobalt 
and  nickel  ores,  as  described  in  p.  645.  The  current  of  hot 
air  which  has  passed  over  the  ignited  ore  carries  with  it,  into 
a  series  of  large  chambers,  the  volatile  arsenious  acid,  which 
is  deposited  under  the  form  of  a  fine  greyish  powder  on 
the  walls  and  floor.  This  is  discoloured  by  some  of  the 
oxide  of  the  fixed  metals,  which  is  carried  over  mechanically 
by  the  draught,  and  it  is,  therefore,  resublimed  in  iron  ves- 
sels, the  covers  of  which  are  allowed  to  become  so  hot  that 
the  arsenious  acid^  in  condensing,  shall  aggregate  itself  into 
a  vitreous  mass,  in  which  state  it  is  sent  into  commerce. 

The  metallic  arsenic  may  be  prepared  from  the  arsenious 
acid  in  many  ways,  but  best  by  mixture  with  three  times  its 
weight  of  black  flux  (p.  546)  in  a  crucible  or  earthenware 
retort,  which  is  then  to  be  heated  to  redness.  If  a  crucible 
be  used,  another  cold  crucible,  somewhat  larger,  must  be 
inverted  over  it,  on  the  inside  of  which  the  metal  condenses, 
but  with  a  retort  it  is  deposited  in  the  neck  as  an  irregular 
mass  of  rhombohedrons,  variously  modified.  It  is  very  brit- 
tle ;  its  sp.  gr.  5*96.  It  sublimes  at  356^  F.  without  pre- 
viously melting.  The  sp.  gr.  of  its  vapour  is  10362.  Its 
vapour,  if  in  contact  with  the  air,  has  a  very  characteristic 
garlic  odour :  which,  however,  belongs  not  to  die  pure  metal. 
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but  to  an  oxide  produced  by  a  low  degree  of  combustion 
which  occurs.  In  the  air  it  gradually  absorbs  oxygen,  and 
fidls  into  a  grey  powder  {mboxide,  fly  powder).  By  nitric 
acid  it  18  rapidly  oxidized,  and  deflagrates  violently  in  melted 
nitre*  In  fine  powder  it  bums  spontaneously  in  chlorine 
gas,  with  a  brilliant  white  flame,  and  burns  similarly  when 
heated  in  oxygen  gas.  The  symbol  of  arsenic  is  As,  and  its 
equivalent  numbers  940*1,  or  75*34. 

Arsenic  comlmies  with  oxygen  in  three  proportions,  form- 
ing a  suboxide,  of  which  the  composition  is  not  known. 
Many  chenusts  look  upon  it  as  a  mere  mixture  of  metal  and 
arsenious  add,  for  when  it  is  heated  it  separates  into  these 
bodies.  The  other  degrees  of  oxidation,  the  arsenious  acid 
and  arsenic  acid,  are  of  great  importance. 

ArseniouM  Acid.  Whiie  Arsenic.  Oxide  of  Arsenic* — 
As.Os.  Equivalent  1S40*1  or  99*34.  Is  found  in  commerce 
in  masses,  which,  if  recently  sublimed,  are  perfectly  colour- 
less and  transparent,  but  gradually  become  milk  white  and 
opaque.  In  general,  the  outer  portions  of  the  commercial 
masses  have  thus  changed  whilst  the  interior  retains  its  ori- 
ginal transparency.  This  alteration  is  probably  connected 
with  the  dimorphism  of  arsenious  acid,  (p.  370,)  for  the  acid 
in  these  conditions  differs  in  density  and  in  solubility.  The 
transparent  is  sp.  gr.  3*74,  and  100  parts  of  boiling  water 
dissolve  9*68  parts  of  it ;  but  the  opaque  acid  is  of  sp.  gr. 
3*69,  and  11*47  of  it  are  soluble  in  100  parts  of  boiling 
water.  A  solution  of  the  vitreous  acid  reddens  litmus  paper, 
but  that  of  the  opaque  acid  restores,  though  feebly,  the  blue 
colour  of  litmus  paper  already  reddened  by  an  acid.  The 
taste  of  arsenious  acid  is  not  marked,  but  rather  slightly 
sweet :  it  leaves  upon  the  palate,  however,  an  acrid  sensa- 
tion. 

The^arsenious  acid  sublimes  at  380^  F.  without  previously 
melting.    Its  vapour  is  of  sp.  gr.  13670,  being  produced  by 

One  volume  of  vapour  of  arsenic,  =  1036S*0 
Three  volumes  of  oxygen,    ,    .     =    3307*8 

the  four  volumes  forming  one,   •    .     =  13669*8 
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If  it  be  very  slowly  sublimed,  it  condenses  in  regular  octofae* 
drons  of  exceeding  brilliancy.  It  is,  however,  sometimes 
found,  in  the  roasting  of  its  ores,  in  crystals  belonging  to  a 
different  system  (the  rhombohedral).  Arsenious  acid  is  dia* 
solved  by  liquid  muriatic  acid  in  large  quantity,  but  crystal- 
lizes from  that  solution  in  octohedrons.  If  the  opaque  add 
had  been  employed,  the  crystallization  is  not  peculiar ;  but 
if  it  had  been  the  transparent  variety,  the  deposition  of  every 
crystal  is  accompanied  by  a  sudden  flash  of  light,  very  bril- 
liant in  the  dark.  The  crystals  so  produced  belong  to  the 
opaque  kind,  so  that  it  would  appear  as  if  at  the  moment  of 
deposition  the  particles  changed  their  mode  of  arrangement, 
so  as  to  pass  from  tiie  transparent  to  the  opaque  dimorphous 
form,  and  that  the  alteration  in  molecular  constitution  occa- 
sioned  the  evolution  of  light,  and  probably  of  heat  and  elec- 
tricity. 

The  arsenious  acid  combines  with  bases  to  form  salts, 
which  are,  however,  of  such  unstable  constitution  that  they 
are  but  little  known.  It  is  particularly  of  importance  from 
its  highly  poisonous  properties,  and  from  its  being,  more  fre- 
quendy  than  any  other  substance,  administered  to  produce 
death.  Its  recognition  is,  therefore,  to  the  medical  chemist, 
one  of  the  most  important  problems  in  analysis,  and  will  be 
iully  discussed  when  the  other  combinations  of  arsenic  have 
been  described. 

Arsenic  Acid.— AbOi^.  Equivalent  1440*1,  or  115*34.  To 
obtain  this  acid  eight  parts  of  arsenious  acid  are  to  be  placed 
in  a  retort  with  two  parts  of  strong  muriatic  acid,  and  boiled, 
whilst  twenty-four  parts  of  dilute  nitric  acid  of  sp.  gr.  I '25 
are  to  be  added  in  small  quantities  at  a  time.  The  mixture 
is  to  be  distilled  in  a  retort  to  the  consistence  of  a  syrup,  and 
then  transferred  to  a  platina  dish,  in  which  it  is  to  be  evapo- 
porated  to  perfect  dryness,  and  heated  until  all  traces  of 
nitric  acid  are  expelled.  The  residual  mass  is  milk  white, 
but  anhydrous  arsenic  acid.  The  heat  should  not  be  raised 
to  near  redness,  for  then  the  arsenic  acid  is  decomposed  into 
arsenious  acid  and  free  oxygen.  The  mass  thus  obtained 
dissolves  but  slowly  in  water,  but  ultimately  the  solution  is 
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complete;  the  arsenic  acid  has  even  so  much  affinity  for 
water  as  to  deliquesce  rapidly  in  vessels  which  are  not  kept 
carefully  closed. 

The  arsenic  acid  reddens  litmus  paper  strongly,  and 
forms  with  the  alcalies  perfectly  neutral  salts.  At  a  high 
temperature  it  is  capable  of  expelling  all  the  volatile  acids^ 
even  the  sulphuric  acid,  from  their  combinations.  In  its 
compounds  it  resembles  very  closely  the  phosphoric  acid  ; 
but  it  appears  capable  of  forming  only  one  of  the  three 
classes  of  salts  which  phosphoric  acid  produces.  The  arseni- 
ates  are  all  tribasic,  but  as  the  quantity  of  fixed  base  varies, 
there  are  some  neutral  and  others  acid  arseniates ;  the  latter 
were  formerly  called  binarseniates.    Thus  there  are, 

3NaO  +  AsOs  4-  ^^  ^q.        called  subarseniate  of  soda, 
SNaO.HO  +  AsOft  +  14  aq.    „    neutral  arseniate  of  soda, 
NaO .  2HO  +  AsOs  +  ^  ^q*      $»    binarseniate  of  soda ; 
but  the  quantity  of  base  is  really  constant,  being  in  each 
three  atoms,  made  up  partly  of  water  and  partly  of  soda. 

The  arsenic  acid  is  recognized  by  being  precipitated 
golden  yellow  by  sulphuretted  hydrogen.  The  precipitate 
dissolves  instantly  in  ammonia,  and  even  in  an  excess  of 
sulphuret  of  hydrogen;  so  that  it  may  not  be  visibly  produced, 
if  the  quantity  of  arsenic  be  small,  until  the  liquid  shall  have 
been  well  boiled.  A  solution  of  any  arseniate  gives  with 
nitrate  of  silver  a  brick*red  powder,  arseniate  of  silver, 
SAgO  +  AsOft,  the  formation  of  which  is  easily  explained. 
An  insoluble  arseniate  heated  in  a  glass  tube  with  charcoal 
powder  gives  a  sublimate  of  metallic  arsenic. 

Arseniurei  of  Hydrogen. — ^It  has  been  supposed,  that 
when  metallic  arsenic  is  used  as  the  negative  electrode  of 
a  voltaic  battery,  the  hydrogen  evolved  combines  with  it, 
and  forms  a  brown  powder,  hydruret  of  arsenic.  The 
same  body  was  supposed  to  be  generated  in  other  ways; 
but  it  is  now  known,  that  this  substance  is  only  metallic 
arsenic  finely  divided,  and  that  there  is  but  one  compound 
of  arsenic  and  hydrogen,  the  gaseous  arseniuret  of  hydro- 
gen. As  H3. 
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This  compoond  is  easily  obtabed  whenever  nascent  hy- 
drogen comes  into  contact  with  metallic  arsenic :  thus  when 
an  alloy  of  equal  parts  of  zinc  and  arsenic  is  dissolved  in 
dilute  sulphuric  acidi  the  hydrogen  evolved  combines  with 
the  arsenic,  S(S03  +  HO)  and  ZnsAs,  producing  S(S03  + 
ZnO)  amd  HaAs.  It  is  still  more  easily  prepared,  by  adding 
muriatic  acid  to  a  solution  of  arsenious  acid  in  water,  and 
immersing  therein  a  piece  of  ssinc ;  the  hydrogen  first  evolved 
reduces  the  arsenious  acid,  and  the  metal  is  then  separated  as 
a  fine  brown  powder,  with  which  the  hydrogen  next  evolved 
combines.  This  gas  is  generally  stated  to  have  a  very  dis- 
agreeable odour,  which,  however,  I  have  not  found  it  to  pos- 
sess. It  is  excessively  poisonous ;  it  bums  with  a  brilliant 
white  flame,  water  being  formed,  and  arsenious  acid  or  metallic 
arsenic  being  deposited  according  to  the  supply  of  oxygoi 
to  the  gas ;  it  is  not  absorbed  by  water ;  its  specific  gravity 
is  2694,  formed  by 

One  volume  of  arsenic  vapour  =  10962*0 

Six  volumes  of  hydrogen  68*8  X  6,  =     412*8 


The  seven  being  condensed  to  four       10774*8 


Of  which  one  weighs,  2693*7 

A  rseniuret  of  hydrogen  decomposes  most  metallic  solu- 
tions, precipitating  metallic  arseniurets  of  corresponding  con- 
stitution (R3.  As),  If  a  current  of  it  be  passed  over  chloride 
of  copper,  heated  to  about  400^,  it  is  decomposed,  H^Am 
and  3.CuCl  giving  CuaAs  and  3.HCL  This  gas  b  absorbed 
by  dry  sulphate  of  copper,  which  it  decomposes,  water  being 
evolved,  and  a  blackish  compound  of  sulphuric  add  and 
arseniuret  of  copper  being  produced.  This  property  is  made 
available  in  the  medico-legal  examination  of  substances  con- 
taining arsenic.  If  a  fragment  of  chloride  of  mercury  be 
heated  in  this  gas,  it  is  rapidly  decomposed,  muriatic  acid 
gas  and  arseniuret  of  mercury  being  formed.  At  a  full  red 
heat,  the  gas  is  decomposed  completdy  by  itself,  so  that  if  a 
single  point  of  a  tube,  through  which  it  streams,  be  ignited^ 
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all  the  arsenic  is  deposited  a  little  beyond  that  point,  in  the 
metallic  state,  and  only  pure  hydrogen  passes  on. 

Sulphur  and  arsenic  combine  in  several  proportions; 
the  bUuIphuret  of  arsenic  AsSg,  exists  native,  forming  the 
mineral  rea^ar.  It  is  prepared  by  fusing  the  followii^  sul- 
phuret  with  metallic  arsenic,  and  subliming  the  product.  It 
is  a  ruby-red  crystalline  mass ;  when  it  is  digested  in  solution 
of  caustic  potash,  a  blackish  powder  remains,  which  may  be 
looked  upon  as  a  subsulphuret ;  its  definite  nature  is  proble* 
matical.  The  tersvlphuret  of  arsenic,  A8.S3  ffellow  arsenic, 
orpimeni  is  found  native,  and  may  be  easily  prepared  by 
decomposing  a  solution  of  arsemous  acid  with  sulphuret  of 
hydrogen,  As.Od  and  3.HS.  giving  A8.S3  and  3.HO.  It  is 
a  rich  yellow  powder,  when  heated  it  melts,  and  in  close 
vessels  sublimes  unaltered,  but  otherwise  it  burns,  partly  form- 
ing arsenious  and  sulphurous  acids ;  it  is  not  quite  insoluble 
in  water.  It  it  insoluble  in  adds,  and  best  {precipitated  from 
an  acid  liquor.  It  is  a  strong  sulphur  acid,  combining 
with  the  sulphur  bases  to  form  salts,  sulpho-arseniies.  It 
hence  dissolves  readily  in  hydrosulphuret  of  ammonia,  and 
also  in  the  caustic  alcalies.  In  the  last  case,  there  exists  in 
solution,  an  ordinary  arsenite,  besides  the  sulphur  salt;  for, 
using  potash,  ^.AsSa  and  6.KO.  produce  (AsSs+S-I^) 
and  (AsOa  +  SKO).  When  sulphuret  of  arsenic  is  ignited 
with  black  flux,  metallic  arsenic  sublimes,  and  the  separa- 
tion of  the  metal  is  still  more  elegantly  effected  by  heating 
the  sulphuret  mixed  with  carbonate  of  potash  in  a  current  of 
dry  hydrogen  gas. 

The  persfdphuret  of  arsenic,  As.Ss*  corresponds  to  the 
arsenic  acid,  and  is  prepared  by  decomposing  a  solution  of 
it,  or  of  any  of  its  salts,  by  sulphuretted  hydrogen.  It  is 
yellow,  paler  than  orpiment ;  sublimes  without  alteration  in 
close  vessels ;  is  a  strong  sulphur  acid,  and  hence  dissolves 
in  solutions  of  the  alcaline  hydrosulphurets,  forming  sulpha* 
arseniaies;  the  metal  may  be  eliminated  from  it  by  the  same 
means  as  those  described  for  orpiment. 

A  substance  sold  in  this  country  for  killing  flies,  under 
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the  name  ot  ting's  yellow,  is,  or  ought  to  be,  orpiment.  The 
best  sort  is  made  by  boiling  together  lime,  sulphur,  and 
white  arsenic ;  but  much  of  it  consists  merely  of  white  arsenic 
coloured  by  some  sulphur  mixed  with  it  From  the  facility 
with  which  it  may  be  obtained,  and  the  manner  in  which  it  is 
lefl  exposed,  it  is  yery  frequently  the  source  of  fatal  acci- 
dents. 

Notwithstanding  the  scientific  importance  which  arsenic 
possesses  from  the  number  and  variety  of  its  compounds,  it 
is  of  much  higher  interest  in  consequence  of  the  frequent 
necessity  for  the  detection  of  excessively  minute  traces  of  it 
in  cases  of  suspected  poisoning,  where  a  responsibility,  in- 
volving the  life  of  a  fellow-creature,  rests  on  the  skill  and 
accuracy  of  the  medical  chemist.  The  detection  of  arsenic 
under  all  possible  circumstances,  is  an  object,  therefore,  to 
which  all  the  powers  of  analysis  should  be  brought  to  bear, 
and  the  methods  at  our  disposal  appear,  if  properly  applied, 
to  be  satisfactory  and  complete.  In  a  question  so  gi'ave  as 
this,  no  colours  of  precipitates,  however  so  marked,  no 
arrangement  of  mere  results  by  test,  no  matter  how  corrobol 
rative,  should  be  considered  as  by  themselves  decisive ;  the 
object  of  the  chemist  should  be,  the  isolation  and  production 
of  the  metallic  arsenic,  and  where  this  has  not  been  done,  it 
is  certain  that  either  there  is  no  arsenic  present,  or  that  the 
skill  of  the  operator  cannot  be  absolutely  relied  on. 

In  poisoning  by  arsenic,  the  substance  used  is  almost 
universally  arsenious  acid.  To  this,  therefore,  I  shall  con- 
fine my  remarks  at  present ;  I  shall  afterwards  notice  the 
peculiarities  of  its  other  preparations. 

The  arsenious  acid  being  a  very  heavy  powder,  and  but 
sparingly  soluble,  it  is  very  rapidly  deposited  from  any  liquid 
through  which  it  might  have  been  diffused,  and  hence,  the 
vessels,  in  which  food  had  been  contained,  should  be  carefully 
examined  for  any  traces  of  it  which  might  remain.  This 
should  not  be  omitted,  even  though  they  might  appear  to 
have  been  subsequently  rinsed.  Any  substances  vomited  by 
the  person  suspected  to  be  poisoned,  should  be  carefully  exa- 


wmHf^mmmmmm 


DETECTION  OF  ARSENIC.  625 

mined  for  the  same  object;  and  in  case  of  death,  the  mate- 
rials in  the  stomach  and  its  mucous  surface  must  be  similarly 
searched.  The  little  grains  of  arsenious  acid  adherent  to 
the  surface  of  the  stomach  are  frequently  tinged  yellow  at 
the  surface  by  sulphuretted  hydrogen,  if  the  examination  be 
deferred  until  some  time  after  death. 

In  case  of  such  traces  of  white  powder  being  found,  the 
examination  is  very  simple.    Their  properties  are : 

1st.  Heated  alone  in  a  glass  tube,  the  powder  sublimes 
and  condenses  in  minute  brilliant  octohedrons. 

2nd.  Mixed,  in  a  tube  closed  at  one  end,  with  a  little 
black  flux,  and  ignited,  metallic  arsenic  sublimes,  forming  a 
steel-grey  crust,  brilliant  on  the  side  next  the  tube,  but  dull 
and  crystalline  on  the  inside.  On  applying  the  nose  to  the 
open  end  of  the  tube  and  inspiring,  a  garlic  odour  is  per- 
ceived. 

Srd.  On  cutting  off  the  sealed  end  of  the  tube,  and  then 
heating  the  part  containing  the  metallic  crust,  the  tube  being 
slightly  inclined,  the  metal  disappears,  and  a  crust  of  white 
arsenic  condenses  a  little  higher  up.  A  current  of  air  passes 
through  the  tube,  with  the  oxygen  of  which  the  metal  com- 
bines. In  this  process,  the  garlic  smell  becomes  more 
marked  than  in  No.  2. 

4th.  The  white  powder  dissolves  in  water.  It  yields  pre- 
cipitates with  the  following  reagents ; 

A*  Sulphuretted  Hydrogen. — ^A  rich  yellow:  soluble  in 
ammonia,  and  precipitated  on  the  addition  of  an  acid.  This 
precipitate  is  orpiment. 

B.  Arnmonia-niiraie  of  Silver. — A  canary  yellow ;  or  senile 
of  silver.  This  reagent  is  very  delicate,  but  the  preci- 
pitate is  soluble  both  in  acids  and  ammonia,  so  that  an 
excess  of  either  must  be  avoided. 

C.  Ammoniorsulphate  of  Copper. — ^A  fine  apple-green. 
This  is  redissolved  also  by  an  excess  of  acid  or  of  ammonia. 

Each  of  these  liquid  reagents  is  liable  to  fallacy ;  which 
must  be  guarded  against. 

A.  Sulphuretted  Hydrogen  gives  precipitates  more  or 
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less  resembling  that  from  arsenic  with  the  foflowbg  me- 
tals; 

Cadmium.  Antimony. 

Tin  (persalts.)  Iron  (persalts.) 

The  precipitate  from  cadmium  is  not  soluble  in  water  of 
ammonia. 

The  precipitate  from  tin,  when  dried  and  igmted  with 
Uack  flux,  gives  no  sublimate  of  metal. 

The  precipitate  of  antimony  acts  in  the  same  way  as  tin> 
bnt  ako  it  dissolves  in  strong  muriatic  acid,  and  the  solu- 
tion, diluted  with  much  water,  gives  a  white  predpitate. 
The  sulphuret  of  antimony  is  much  more  orange-coloured 
than  that  of  arsenic* 

The  precipitate  from  a  persalt  of  iron  is  pure  sulphur ; 
heated,  it  melts  and  bums  completely  away,  without  fonmng 
any  solid  product. 

B.  Ammama-^diraie  of  Silver. — Phosphate  of  soda  pro- 
duces a  yellow  precipitate  of  tribasic  phosphate  of  silver, 
exactly  resembling  the  arsenite.  It  is,  however,  much  more 
soluble  in  ammonia.  They  are  at  once  distinguished  by 
being  collected  and  ignited.  The  arsenite  gives  off  oxygen 
and  arsenious  acid,  whilst  metallic  silver  remains,  but  the 
phosphate  gives  no  volatile  product. 

C.  The  asumomO'Sulphaie  of  copper  is  uncertain,  unless  it 
be  dried  and  reduced,  for  there  are  numerous  basic  com- 
pomids  of  copper,  which  resemble  it  very  much  in  colour. 

None  of  these  liquid  reagents  are,  therefore,  in  them- 
selves positive,  unless  by  extraction  of  the  metal ;  and  this 
is  the  more  important  when  the  operator  has  to  work,  not 
with  the  clear  solutions  prepared  intentionally  for  illustra- 
tion, but  with  the  complex  and  discoloured  liquids  obtained 
from  the  stomach  and  intestines. 

The  process  to  be  then  foUowed  may  be  either  of  two 
kinds ;  the  first  consists  in  converting  the  aisenic  into  sul- 
phuret, the  second  into  arseniuret  of  hydrogen.  I  will  de- 
scribe each  in  their  turn. 
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The  contents  of  the  stomach  and  small  intestines,  or  the 
matter  ejected  by  vomiting  during  life,  are  to  be  boiled  in 
distilled  water  for  half  an  hour,  and  then  the  liquor  strained 
through  a  linen  cloth.  If  it  be  too  thick  or  coloured,  to 
allow  of  a  small  quantity  of  precipitate  being  observed  and 
separated,  a  current  of  chlorine  gas  is  to  be  passed  through 
it,  by  which  most  of  the  animal  matter  dissolved  is  coagu- 
lated, and  a  more  convenient  solution  obtained.  This  being 
strained  or  filtered,  is  to  be  well  boiled  to  expel  the  excess 
of  chlorine,  and  then  submitted  to  the  action  o£a  current  of 
sulphuretted  hydrogen  gas.  The  animal  matters  may  also 
be  removed  from  the  solution,  by  rendering  it  acid  by  nitric 
acid,  and  then  adding  an  excess  of  nitrate  of  silver.  When 
the  precipitate  which  forms  has  been  separated,  the  excess  of 
alver  is  to  be  thrown  down  by  some  common  salt,  and  the 
liquor  being  then  filtered,  is  fit  for  the  action  of  the  sulphu* 
retted  hydrogen. 

When  the  liquor  smells  strongly  of  this  gas,  there  has 
been  enough  passed  through,  and  it  is  then  to  be  boiled 
briskly  for  a  few  minutes  to  expel  the  excess,  and  favour  the 
deposition  of  the  precipitate  produced.  This  is  to  be  then 
collected  on  a  filter,  washed  carefully  with  water  acidulated 
by  muriatic  acid,  and  dried  at  a  moderate  heat. 

When  completely  dry,  it  is  to  be  mixed  with  about  twice 
its  bulk  of  black  flux,  and  ignited  in  a  small  tube  of  hard 
glass  closed  at  one  end.  In  introducing  the  materials,  care 
must  be  taken  not  to  soil  the  sides  of  the  tube;  metallic 
arsenic  sublimes,  which  is  recognized  by  the  characters  given 
already  in  pages  618,  625. 

The  process  by  arseniuretted  hydr<^en  was  first  proposed 
by  Mr.  Marsh,  and  has  been  found  of  surprising  delicacy 
and  exactness;  the  liquid  having  been  freed  from  animal 
matters  and  obtained  as  thin  afluidas  possible  by  either  of  the 
processes,  by  chbrine  or  nitrate  of  silver,  already  described ; 
it  is  rendered  moderately  acid  by  muriatic  or  sulphuric  acid, 
and  introduced  into  a  flask  or  bottle,  to  the  neck  of  which  is 
adapted  a  narrow  tube  of  hard  glass,  which,  after  passing 
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horizontally  for  a  few  inches,  turns  up  and  forms  a  jet ;  a 
piece  of  zinc  being  introduced  into  the  acid  liquor,  hydrogen 
is  evolved,  which  combines  with  any  arsenic  that  may  be  pre- 
sent, and  forming  the  gaseous  arseniuret  of  hydrogen  passes 
off.  When  the  gas  issuing  from  the  jet  is  set  on  fire,  if  the 
hydrogen  be  pure,  no  other  product  is  generated  but  water ; 
but  if  a  slight  trace  of  arsenic  be  present,  the  flame  is  whitish, 
and  on  holding  over  the  jet  a  fragment  of  gUiss  or  porce- 
lain, or  a  film  of  mica,  a  deposit  is  produced,  which  may  be 
white  from  arsenious  acid,  or  brown  from  metallic  arsenic, 
according  to  the  height  at  which  the  plate  is  held,  atid  the 
consequent  completeness  of  the  combustion,  or  the  reverse. 
If  the  quantity  of  arsenic  be  too  small  to  produce  this  effect 
in  a  certain  time,  it  may  be  better  detected  by  igniting  a  por- 
tion of  the  horizontal  arm  of  the  tube.  All  the  arseniuretted 
hydrogen,  in  passing  that  point,  deposits  its  arsenic,  which  is 
carried  a  little  beyond  the  heated  portion  by  the  current,  and 
condenses  there  as  a  distinct  metallic  film ;  as  the  tube  may 
be  kept  thus  red  hot  for  some  hours,  the  smallest  trace  of 
arsenic  may  be  thus  concentrated  on  a  single  point,  and  its 
properties  accurately  verified. 

Where  the  liquor  is  still  thickish  from  dissolved  organic 
matter  the  gas  bubbles  would  not  break  rapidly,  but  form  a 
froth,  which  passing  into  the  tube,  would  prevent  altogether 
the  successfiil  employment  of  the  methods  just  described.  In 
this  case  the  liquid  should  be  made  so  feebly  acid  as  that  the 
gas  shall  be  generated  but  very  slowly,  and  that  there  shall 
be  but  little  hydrogen  in  excess.  The  tube,  in  place  of  ter- 
minating in  a  jet,  is  to  be  bent  down  so  that  it  shallpass  under 
the  edge  of  ajar  in  the  pneumatic  trough,  and,  the  apparatus 
being  so  left  for  any  length  of  time,  the  gas  evolved  may  be 
collected  and  subsequently  examined*  Or,  what  is  perhaps 
still  better,  the  tube  may  dip  under  the  surface  of  a  dilute 
solution  of  nitrate  of  silver  or  of  sulphate  of  copper,  and  all 
the  arseniuretted  hydrogen  being  then  absorbed  and  decom- 
posed, metallic  arseniurets  are  produced,  which  easily  yield, 
by  the  application  of  heat,  the  arsenic  in  the  metallic  form. 
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In  this  mode  of  detecting  the  presence  of  arsenic^  it  is  neces- 
sary to  avoid  some  sources  of  error  into  which,  withoutprevious 
knowledge  of  their  existence,  an  operator  might  easily  fall.  If 
the  efferrescence  be  rapid,  it  frequently  happens  that  very  mi- 
nute portions  of  sine,  or  of  the  salt  of  zinc  generated,  may  be 
carried  up  by  the  stream  of  gas,  and,  being  deposited  upon  the 
plate,  form  a  crust,  which  might  lead  to  suspicion,  or  perhaps 
wrong  conclusions.  This  may  be  avoided,  by  either  modera- 
ting the  effervescence,  or  by  passing  the  gas  before  using 
it  through  a  tube  filled  loosely  with  cotton,  by  which  it  is 
filtered,  as  it  were,  and  all  mechanically  diffused  particles 
separated.  Much  more  important  sources  of  error  arise,how- 
ever,  from  the  existence  of  arsenic  in  most  of  the  zinc  and 
some  of  the  sulphuric  acid  of  commerce.  The  ores  of  zinc 
occasionally  cont«n  orpiment,  which  being  reduced  along 
with  the  other  sulphuret,  it  is  necessary  to  distil  the  zinc  in 
order  to  have  it  pure,  and  to  reject  it  as  long  as  it  contains 
arsenic.  The  iron  pyrites  also  occasionally  contains  traces 
of  orpiment,  and  this  passes  into  the  oil  of  vitriol.  In  em- 
ploying this  method  it  is  necessary,  therefore,  to  test  the  pu- 
rity of  the  zinc  and  sulphuric  acid  by  the  method  itself.  A 
jet  of  the  hydrogen,  evolved  firom  the  zinc  and  dilute  sulphu- 
ric acid  simply,  should  be  burned,  or  the  gas  passed  through 
a  solution  of  ammonia-nitrate  of  silver  for  quarter  of  an  hour. 
If  no  trace  of  deposition  of  arsenic  occur,  the  materials  may 
be  considered  as  pure,  and  the  suspected  liquor  may  then  be 
employed  with  confidence  in  the  result. 

A  more  remarkable  source  of  error  arises  from  the  fact, 
that  the  compounds  of  antimony  yield,  under  similar  circum- 
stances, a  precisely  similar  gas,  atUimomuret  of  hydrogen.  It 
would  anticipate  too  much  the  history  of  that  metal  to  enter 
into  the  details  of  the  means  of  distinguishing  that  gas  firom 
the  arseniuretted  hydrogen,  but  they  will  be  fully  described 
in  their  proper  place. 

Arsenious  acid  possesses  the  power  of  preventing  the 
putrefaction  of  animal  substances,  and  hence  the  bodies  of 
persons  that  have  been  poisoned  by  it,  do  not  readily  putrefy. 
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The  arsenious  acid  combines  with  the  fatty  and  albuminous 
tissues  to  form  solid  compounds  which  are  not  susceptible  of 
alteration  under  ordinary  circumstances.  It  hence  has  fre- 
quently occurred,  that  the  bodies  of  persons  poisoned  by 
arsenic  have  been  found,  long  after  death,  scarcely  at  all  de- 
composed, and  even  where  the  general  mass  of  the  body  had 
completely  disappeared,  the  stomach  and  intestines  had  re- 
mained preserved  by  the  arsenious  acid  which  had  combined 
with  them,  and  by  its  detection  the  crimes  committed  many 
years  before  were  brought  to  light  and  punished.  In  the 
cases  where  the  whole  body  has  been  found  fresh,  it  resulted 
from  the  person  having  survived  for  a  length  of  time  suffi- 
cient for  the  complete  permeation  of  the  tissues  by  the  ab*- 
sorption  of  the  poison;  in  the  others  death  had  occurred 
whilst  it  was  yet  only  in  the  intestinal  tube.  The  absorption 
of  the  arsenious  acid  in  cases  where  death  has  not  been 
rapid,  renders  its  detection  possible  in  all  the  various  organs, 
particularly  where  the  poisoning  has  been  produced,  not  by 
the  administration  of  a  single  dose,  but  by  frequently  repeated 
doses,  each  insufficient  to  produce  rapid  poisoning.  The 
decision  in  such  cases  is  rendered,  however,  extremely  diffi- 
cult by  the  fact, recently  established,  that  the  resemblance  of 
function,  so  often  alluded  to,  between  arsenic  and  phosphorus, 
is  such,  that  the  latter  element,  which  characterises  the 
animal  tissues  by  its  almost  constant  presence,  may  be  re- 
placed as  a  constituent  of  our  organs  by  arsenic.  Thus,  that 
the  bones  may  contain  arseniate  of  lime,  as  a  substitute  for 
some  of  their  proper  phosphate  of  lime,  and  that  in  the  phos- 
phoric salts,  which  are  found  in  the  blood,  a  similar  replace- 
ment may  occur.  It  is  certain  thbt  the  quantity  of  arsenic 
thus  found  naturally  replacing  phosphorus  in  the  body  is  very 
small,  but  there  is  no  necessary  limit  to  its  extent,  and  although 
in  cases  of  suspected  chronic  poisoning,  the  analysis  of  the 
organs  might  lead  to  useful  evidence,  yet  the  discovery  of 
arsenic  out  of  the  alimentary  canal  should,  as  I  conceive,  not 
without  great  caution,  be  considered  as  necessarily  involving 
its  having  been  administered. 
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The  sulphuret  of  arsenic  of  commerce^  king*$  yellow, 
when  taken  as  a  poison,  is  recognized  by  its  solubility  in 
ammonia,  from  which  it  is  again  thrown  down  by  an  excess 
of  any  acid.  Its  reduction  U^  the  metallic  state  has  been 
already  fuUy  described. 

An  antidote  has  been  recently  discovered  to  the  poison- 
COS  effects  of  arsenious  acid,  which  is  founded  on  a  very 
remarkable  reaction.  When  hydrated  perpxide  of  iron  is 
made  into  a  thin  paste  with  solution  of  arsenious  acid,  this 
disappears,  being  changed  iato  arsenic  acid  and  the  iron 
into  protoxide,  2.Fe203  and  AsOa  producing  4.FeO  4- 
AsOs.  This  arseniate  of  iron  has  no  action  on  the  system; 
and  hence,  in  cases  of  poisoning  by  arsenic,  this  hydrated 
peroxide  should  be  administered  as  largely  and  as  rapidly  as 
possible.  It  may  be  made  in  a  few  moments  by  adding  car- 
bonate of  soda  to  any  salt  of  red  oxide  of  iron  (permuriate, 
tnuriate,  or  acetate  tincture*)  It  need  not  be  washed,  as  the 
ttquor  contains  only  a  salt  of  soda,  which  would  be,  if  not 
beneficial,  certainly  not  injurious. 

The  preparations  of  arsenic  are  of  very  extensive  use  in 
the  arts.  The  metal  is  used  to  alloy  the  lead  of  which  shot 
b  made.  White  ai^enic  is  employed  in  glass-making  to  pre- 
vent thedeoxidation  of  the  oxide  of  lead,  and  the  orpiment  is 
employed  to  render  indigo  soluble  in  some  processes  of  dye- 
ing.   It  has  many  other  less  extensive  uses. 

Of  Antimonjf. 

This  metal  was  first  discovered,  and  its  preparations  in- 
troduced into  medicine  by  Basil  Valentine^  from  the  iin- 
l^easant  results  of  whose  experiments  upon  his  fellow  monks, 
it  got  the  name  amiirmoine;  its  proper  Latin  name  is  gtibiumf 
and  hence  its  symbol,  Sb.  Antimony  exists  in  nature,  prin- 
cipally as  sulphuret,  sometimes  as  oxide,  and  also,  these  two 
combined,  forming  the  oxysulphuret,  red  antimonial  ore.  It 
is  from  the  native  sulphuret  that  the  metal  is  prepared.  The 
process  for  obtaining  it  by  means  of  iron,  is  noticed  p*  ^1*3, 
but  it  is  had  purer  by  fusing  the  sulphuret  at  a  ^t^\^t  red 
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heat  with  black  flux.  Sulphuret  of  potassium  and  oxide  of 
antimony  are  first  formed^  and  this  last  being  decomposed  by 
the  carbon,  carbonic  oxide  is  evolved  and  metallic  antimony 
separates;  thb  process  is  further  detailed  in  p.  546. 

The  antimony  thus  obtained  is  a  brilliant  white  metal, 
of  a  highly  crystalline  fracture,  and  may  be  obtained  crystal- 
lized in  rhombohedrons  like  those  of  arsenic,  by  fusion,  as 
described  in  p.  25;  its  specific  gravity  is  6*8;  it 'melts  at 
about  800^,  just  below  redness,  and  may  be  volatilized  by  a 
white  heat.  If  heated  violently  in  contact  with  air  it  takes 
fire,  burning  with  a  brilliant  white  flame,  and  forming  anti- 
monious  acid,  which,  though  not  volatile,  is  carried  up  by  the 
current  of  air,  and  is  deposited  on  the  neighbouring  bodies  as 
a  white  powder,  flowers  of  antimony.  Antimony  in  powder 
takes  fire  spontaneously  in  chlorine,  burning  with  a  yellowish 
flame ;  the  antimony  is  not  oxidized  by  exposure  to  the  air 
nor  by  water ;  it  is  not  acted  on  by  sulphuric  nor  muriatic 
acids,  but  is  rapidly  oxidized  by  nitric  acid.  The  symbol  of 
antimony  is  Sb.  Its  equivalent]  numbers  I6I3  or  129*2;  it 
combines  with  oxygen  in  three  proportions. 

Oxide  of  Antifnony.—ShOy.  Equivalent  1913  or  l53-g, 
may  be  prepared  by  adding,  to  an  acid  and  boiling  solution 
of  chloride  of  antimony  in  water,  carbonate  of  soda  in  excess. 
The  carbonic  acid  does  not  combine  with  oxide  of  antimony, 
which,therefore,  precipitates  pure ;  it  is  a  white  powder,  not 
qiute  insoluble  in  water,  and  becomes  yellowish  when  heated. 
If  metallic  antimony  be  burned  in  a  limited  supply  of  air,  this 
oxide  forms,  and  has  been  obtained  crystallized  both  in  the 
prismatic  and  octohedral  forms  of  arsenious  acid,  with  which 
it  is,  therefore,  isodimorphous ;  both  the  metal  and  this  oxide, 
when  ignited  in  a  full  supply  of  air,  produce  antimonious 
acid. 

This  oxide  of  antimony  combines  with  acids  to  form  salts 
of  very  little  stability,  but  it  produces  with  the  acid  potash 
salts  of  the  vegetable  acids,  double  salts  of  remarkable  con- 
stitution ;  of  these  the  potash  tartrate  of  antimony  (tartar 
emetic)  is  the  most  important;  it  also  acts  as  a  feeble  acid ; 


OXYOEN-ACIDS  OF  ANTIMONY.  6S3 

thus,  if  in  its  preparation,  caustic  potash  be  used  to  decom- 
pose the  chloride,  a  granular  white  powder  is  obtained,  in 
which  the  oxide  of  antimony  is  combined  with  potash  ;  it  is 
on  this  account  called,  hypo-antimonious  acid  by  many  che- 
mists. 

Oxysulphurei  of  jiniimonff.  —  Sh.Oz  +  ZSh.Ss.  This 
substance  constitutes  the  red  ore  of  antimony,  and  may  be 
artificially  produced  by  roasting  the  native  sulphuret  in  con- 
tact with  the  air,  the  sulphur  burns  out  as  sulphurous  acid, 
and  the  antimony  becomes  oxidized ;  the  product  generally 
contains  an  excess  of  oxide  which  may  be  dissolved  out  by 
tartaric  acid,  and  it  is  thus  that  the  basis  for  tartar  emetic  is 
sometimes  prepared ;  by  continued  roasting,  the  whole  of  the 
sulphur  may  be  expelled  and  an  impure  oxide  of  antimony 
produced ;  this,  when  melted,  constitutes  the  glass  of  anti- 
mony, and  the  oxy-sulphuret  is  the  crocus  of  antimony  of  the 
older  pharmacopoeias. 

Aniimanioua  Acid,  Peroxide  of  Aniitnany. — Sb04,  equiva- 
lent 2013  or  161 '3;  this  is  the  most  stable  compound  of 
oxygen  and  antimony ;  it  is  formed  when  antimony  is  oxidized 
freely,  either  by  combustion  or  by  the  action  of  nitric  acid, 
and  igniting  the  resulting  powder.  It  is  a  white  powder  in- 
soluble in  water ;  it  is  not  volatile ;  it  combines  with  alcalies 
forming  salts,  insoluble  in  water,  and  fro^m  which,  by  a 
stronger  acid,  it  is  separated  as  a  hydrate,  Sb.04  +  HO. 
This  hydrate  dissolves  in  strong  muriatic  acid. 

Aniimonic  Acid.ShO^,  equivalent  2113  or  169*2.  This 
substance  is  first  formed  when  metallic  antimony  is  oxidized 
by  an  excess  of  nitric  acid,  and  remains  as  a  pale  yellow 
powder,  which,  when  exposed  to  a  dull  red  heat,  abandons 
one  atom  of  oxygen,  leaving  antimonious  acid,  as  just  de- 
scribed ;  it  is,  however,  more  stable  in  combination,  and  may 
hence  be  prepared  by  deflagrating  antimony  with  nitre; 
when  the  resulting  mass  is  digested  in  cold  water,  nitrate  and 
nitrite  of  potash  dissolve  out,  and  leave  the  antimoniate  of 
potash  as  a  white  powder ;  this  is  decomposed  by  boiling 
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water  which  dissoWes  a  basie  salt,  and  leaves  one  with  an 
excess  of  acid  behind.  In  its  hydrated  condition,  this  acid 
dissolves  in  hydrochloric  acid. 

Antimony  and  sulphur  combine  in  three  proportions, 
forming  sulphurets,  which  resemble  completely,  in  constitu- 
tion, the  oxygen  compounds,  they  are  sulphur  acids,  dis- 
solving in  a  solution  of  the  alcaline  sulphurets,  and  forming 
sulphur  salts. 

Sttlphurti  of  Antimony, — Sb.Sa,  equivalent  S216'6  or 
177*5.  This  substance  constitutes  the  common  grey  ore  of 
antimony,  and  crystallizes  in  the  same  form  as  orpiment, 
with  which  it  is  frequently  contaminated ;  in  its  native  state 
it  is  dark  gray  with  highly  metallic  lustre,  crystalline  in 
structure,  and  very  easily  reduced  to  powder ;  it  may  be  pre- 
pared also  by  precipitation  from  a  solution  of  any  salt  of 
oxide  of  antimony,  as  the  chloride,  or  tartar  emetic,  by  sul- 
phuretted hydrogen ;  it  is  then  an  orange  powder,  which 
becomes  darker  on  being  dried,  and  has  the  same  composi- 
tion as  the  native  sulphuret,  with  which  it  becomes  identical 
in  appearance  by  fusion.  This  sulphuret  dissolves  in  alca- 
line solutions,  on  which  circumstance  are  founded  the  various 
pharmacopoeial  processes  for  its  formation.  It  has  been  used 
in  medicine  ever  since  the  first  discovery  of  antimony,  and  in 
all  countries ;  the  methods  of  preparation,  and  die  parity  of 
the  products  obtainable,  are,  therefore,  exceedingly  varia- 
ble. 

When  finely  powdered  sulphuret  of  antimony  is  boiled 
in  a  strong  solution  of  caustic  potash,  it  dissolves,  and  the 
liquor  contains  two  salts  perfectly  similar  to  one  another,  bat 
containing,  the  one  sulphur  and  the  other  oxygen,  united  to 
antimony  and  potassium.  For  one-half  of  each  substance  is 
decomposed,  the  oxygen  passing  to  the  antimony,  and  the 
sulphur  to  the  potassium,  so  that  oxi^le  of  antimony,  and 
sulphuret  of  potassium  result,  and  these  respectively  combine 
with  the  quantities  of  potash  and  sulphuret  of  antimony  that 
had  not  been  altered  ;  in  this  way. 
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{Sb.Sa  S.KO^  CSb.S3  +  3.KS^ 

and  J-  produce  <  and  > 

Sb.Sa  3.K03  (Sb.Oa  +  S.Koj 

When  the  solution  cooh,  both  compounds  are  partly  de- 
composed, so  that  a  quantity  of  sulpburet  and  of  oxide  of 
antimony  precipitate  mixed  together ;  and  hence,  an  opinion 
has  generally  prevailed,  and,  indeed,  been  supported  by  the 
high  authorities  of  Liebig  and  Gay-Lussac,  that  these  bodies 
are  chemically  united  in  the  precipitate  so  obtained,  and  that 
it  is  an  oxy-sulphuret,  identical  in  constitution  with  that  al- 
ready described.  It  isy  however,  quite  established,  particu- 
larly by  the  experiments  of  Bersselius  and  H«  Rose,  that  the 
oxide  and  the  sulphuret  are  but  mechanically  mixed ;  under 
the  microscope,  the  former  is  seen  as  brilliant  white  crystals, 
mixed  with  the  fine  amorphous  brown  powder  of  the  latter ; 
and,  besides,  the  quantity  of  oxide  is  completely  variable,  an4 
in  no  case  so  great  as  the  composition  of  the  true  oxy-sul- 
phuret should  require. 

The  precipitate  thus  obtained  by  cooling,  is  generally  of  a 
fine  orange-brown  colour,  the  exact  shade  of  which  varies 
very  much  with  the  temperature,  and  the  degree  of  concen- 
tration of  the  liquor.  It  is  termed  in  pharmacy  kermes  mi- 
neralf  from  a  very  remote  analogy  of  its  colour  to  that 
afforded  by  the  insect  kermes,  (coccus  iliciSf)  which  is  use4 
as  a  cheap  substitute  for  cochineal. 

After  the  separation  of  the  kermis,  the  Ijqiior,  copt^ining 
atill  the  sulphur  and  oxygen  salts  above  described,  jbut  with 
a  greater  proportion  of  base,  is  precipitated  by  adding  an  acid 
in  excess.  The  sulphuret  of  potassium  is  decomposed,  and 
the  sulpburet  of  antimony,  with  which  it  bad  been  com- 
bined, separates;  at  the  same  time  thejsuIphuTeited  hydrogeq, 
jevolved  from  the  sulphuret  of  potassium,  reacts  on  the  oxide 
of  antimony,  converting  it  into  sulphuret.  Tliis  precipitate 
is  much  lighter-coloured  generally  than  the  kermes,  and  is 
sometimes  called  the  golden  sulphuret  of  antimony^  although 
-that  name  properly  belongs  to  a  different  substance  to  be 
described  farther  on.    In  many  cases,  in  place  of  collecting 
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the  kermes  and  the  portion  precipitated  by  the  acid  sepa- 
rately as  now  described,  the  hot  filtered  liquor  is  added  to 
the  acid  before  the  kermes  has  had  time  to  separate,  and 
the  whole  being  then  mixed  assumes  an  intermediate  shade 
of  colour,  and  constitutes  the  brown  sulphurei,  or  orange 
tfdphuret  of  antimony  of  the  British  pharmacopoeias. 

In  place  of  caustic  potash,  the  native  sulphuret  of  anti- 
mony is  frequently  boiled  with  carbonate  of  soda.  In  this 
case  the  whole  of  the  carbonic  acid  unites  with  one-half  of 
the  soda,  forming  bicarbonate,  and  the  other  half  of  the 
soda  acts  with  the  sulphuret  of  antimony  precisely  as  if  it 
had  been  used  in  the  caustic  state* 

An  important  mode  of  preparing  these  pharmaceutical 
substances  consists  in  fusing  the  materials  together  instead 
of  boiling  their  solutions.  Thus,  an  excellent  kermes  is  pre- 
pared by  fusing  together  three  parts  of  native  sulphuret  and 
one  of  carbonate  of  potash.  The  general  reaction  is  the 
same  as  described  when  the  materials  were  dissolved ;  the 
melted  mass  is  boiled  in  water,  and  the  solution  so  obtained 
treated  as  already  noticed.  Rose  has,  however,  directed 
attention  to  a  circumstance  which,  though  occurring  in  all 
cases,  is  more  marked  in  this  process  than  the  others.  It  is, 
that  some  antimony  separates  in  the  metallic  state,  whilst 
another  portion  is  changed  into  persulphuret,  thus,  S.SbS^ 
produces  S.SbSs,  and  2Sb  is  set  free.  The  solution  con- 
tains, therefore,,  not  only  the  ordinary  sulphuret,  but  some 
persulphuret  of  antimony,  the  colour  of  which  is  much 
*  brighter  than  that  of  the  other,  and  it  hence  modifies  the 
tint  of  the  preparation  in  a  variable  manner.  The  persul- 
phuret carries  down  with  it  also  some  sulphuret  of  potas- 
sium, and  hence  the  ordinary  kermes  mineral  appears  always 
to  contain  traces  of  potash.  The  quantity  of  persulphuret 
of  antimony  present  seldom  exceeds  two  or  three  per 
cent. 

Sulpho-aniimonious  Acid. — Sb.S4.  This  substance  is 
produced  as  a  yellow  powder  when  the  solution  of  antimo- 
nious  acid  is  decomposed  by  sulphuretted  hydrogen. 
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Sulphthantimamc  Acid,  Persulpburet  pf  Antimony. — 
Sb.Ssy  18  obtained  when  a  solution  of  antimonic  acid  in  mu- 
riatic acid  is  treated  with  sulphuretted  hydrogen.  It  is  of  a 
fine  golden  orange  colour.  Its  formation  in  the  process  for 
kermes  mineral-  has  been  already  explained.  This  is  the 
true  golden  sulphuret.  To  obtain  it  in  large  quantity,  as  is 
given  in  many  pharmacopceiasi  three  parts  of  sulphuret  of 
antimony  and  one  of  carbonate  of  potash  are  to  be  Aised 
with  one-half  part  of  sulphur;  this  last  converts  the  antimony 
into  the  persulpburet.  The  fused  mass  is  to  be  dissolved  in 
water  and  decomposed  by  muriatic  acid. 

Antimoniuret  of  Hydrogen. — Sb.Hs.  When  hydrogen 
is  evolved  in  contact  with  antimony  in  a  nascent  or  finely 
divided  state,  they  combine  and  form  a  gas  which,  in  proper- 
ties, and  constitution,  has  a  remarkable  similarity  to  arseniu- 
retof  hydrogen.  The  easiest  mode  of  efiecting  this  is,  to  dis- 
solve zinc  in  dilute  sulphuric  acid  to  which  tartar  emetic  has 
been  added.  The  gas  so  evolved  is  colourless,  insoluble  in 
water,  has  neither  acid  nor  alcaline  reaction.  It  precipitates 
the  salts  of  mercury  and  most  metals^  but  not  copper,  by 
which  it  is  distinguished  from  the  arseniuret  of  hydrogen. 
Its  specific  gravity  has  not  been  experimentally  determined, 
but  if  it  be  composed,  like  arseniuretted  hydrogen,  of  one 
volume  of  metallic  vapour  and  six  of  hydrogen,  condensed 
to  four,  it  should  be  4*504*7.  When  this  gas  bums,  water  is 
formed,  and  antimony  deposited,  either  as  metal  or  as  oxide, 
according  to  the  supply  of  oxygen.  It  hence  superficially  re- 
sembles in  its  combustion  the  gas  containing  arsenic,  but  it 
is  distinguished  readily  by  the  following  characters. 

Ist  The  antimoniuret  of  hydrogen,  when  it  is  decomposed 
by  heating  a  point  of  the  tube,  through  which  it  passes,  to  red- 
ness, deposits  the  metal  at  the  heated  part,  whilst  arsenic  set- 
tles at  a  certain  distance  beyond,  only  where  the  tube  is  colder. 

2nd.  The  metallic  crust  is  not  volatilized  at  any  tempera- 
ture which  can  be  applied  to  glass. 

3rd.  If  the  metallic  scale  be  deposited  on  a  porcelain 
plate  and  oxidized  by  the  outer  flame  of  the  blow-pipe,  it 
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forms  ft  powder  yellow  whilst  hot,  but  white  when  cold ; 
which  is  not  volatilized  by  any  further  application  of  the 
flame.  Arsenic,  on  the  contrary,  becomes  oxidized  only  in 
the  act  of  being  vaporized. 

In  certain  cases  of  compound  poisoning,  «nd  where  tartar 
emetic  has  been  given,  as  an  emetic,  in  cases  of  poisoning  by 
arsenic,  it  is  possible  that  the  two  metals  may  coexist  in  so- 
lution. In  these  cases,  they  maybe  separated,  by  converting 
both  into  the  hydrogen  compounds,  and  decomposing  the 
mixed  gases  by  igniting  the  tube  through  which  they  pass. 
The  antimony  is  deposited  close  to  the  heated  part,  and  the 
arsenic  at  a  little  distance. 

The  detection  of  antimony  is  generally  simple  ;  in  all  its 
combinations  it  is  immediately  recognized  by  the  formation 
of  its  compound  with  hydrogen  just  described.  In  solution, 
in  the  state  of  oxide,  it  gives  with  sulphuretted  hydrogen,  the 
orange  precipitate  of  sulphuret.  In  the  other  states  of  oxidar 
tion  the  precipitates  by  sulphuret  of  hydrogen  are  more  yel- 
low, but  are  all  easily  distinguished  from  orpiment  by  not 
being  volatile,  and  from  the  bisulphuret  of  tin  by  yielding  die 
antimoniuret  of  hydrogen.  From  the  sulphuret  of  cadmium 
they  are  known  by  their  solubility  in  bydroeulphuret  of  am- 
monia. 

Of  TeUurium. 

Tlus  is  one  ot  the  rarest  of  .the  metals,  and  although 
classified  with  them  from  its  lustre  and  power  of  conducting 
electricity  and  heat,  in  which  it  is,  however,  far  inferior  to 
the  others,  it  ranks  naturally  with  sulphur  and  selenium,  to 
which  last  it  assimilates  completely  in  its  properties.  It  ex- 
ists in  nature,  native,  and  combined  with  a  variety  of  metals, 
gold,  silver,  antimony,  lead,  &c.,  forming  ores  of  very  inde- 
finite constitution.  Its  extraction,  whidi  is  still  further  com- 
plicated by  the  presence  of  suljphur  and  selenium,  would  re- 
quire too  detailed  description,  and  is  too  seldom  an  olijject 
with  chemists  to  requu*e  description  here.  Its  properties 
and  principal  compounds  alone  deserve  attention. 
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Pure  tellurium  is  silver  white  and  very  brilliant.  It  crys- 
tallises easily  in  rhombohedrons.  It  is  brittle  and  easily 
powdered.  Its  sp.  gr.  is  6*14.  It  is  about  as  fusible  as  an- 
timony, and  at  a  very  high  temperature  may  be  volatilized. 
Its  vapour  smells  like  selenium ;  when  heated  in  the  air  it 
bums  with  a  bluish  flame^  forming  tellurous  acid.  It  is  ra- 
pidly  oxidised  by  nitric  acid. 

The  analogy  of  tellurium  to  sulphur  is  very  close.  When 
tellurium  is  boiled  in  a  strong  solution  of  potash^  there  is 
formed  tellurite  of  potash  and  telluret  of  potassium ;  but  if 
this  solution  be  dilutedi  the  potassium  reduces  the  tellurous 
acid  and  the  metal  is  precipitated,  potash  being  regenerated. 
The  symbol  of  tellurium  is  Te.  Its  equivalent  numbers  are 
801*8  and  64-2. 

Tellurium  combines  with  oxygen  in  two  proportions, 
forming  tellurous  and  telluric  acids.  The  former,  tellurous 
acid,  TeOa,  is  prepared  by  decomposing  the  bichloride  of 
tellurium  by  water.  TeCla  and  2H0  producing  2.HC1  and 
TeOs.  This  last  precipitates  as  a  bulky  white  powder  con- 
taining combined  water.  In  this  state  it  is  sensibly  soluble  in 
water  and  reddens  litmus.  It  dissolves  readily  both  in  acid 
and  alcaline  solutions,  forming  compounds  of  a  very  instable 
character.  When  its  solution  in  water  is  heated  to  about 
llQo,  it  deposits  the  tellurous  acid  in  an  anhydrous  form. 
The  water  is  also  expelled,  by  a  moderate  heat,  from  the  hy- 
drated  acid  in  powder.  The  anhydrous  acid  thus  obtained 
differs  essentially  from  the  hydrated  form.  It  is  insoluble  in 
water,  in  acids,  and  in  alcalies,  and  has  no  acid  reaction 
whatsoever.  No  salts  of  it  can  be  formed  in  the  humid  way ; 
but  if  it  be  fused  at  a  red  heat  with  carbonate  of  potash,  the 
carbonic  acid  is  expelled  and*tellurite  of  potash  formed, 
which  dissolves  in  water;  from  this  solution  the  hydrated 
tellurous  acid  is  thrown  down  on  the  addition  of  an  acid. 

Berzelius  considers  these  remarkable  differences  of  pro- 
perties as  indicating  an  isomeric  distinction  between  the  two 
acids.    In  a  subsequent  chapter  I  shall  point  out  the  man- 
ner in  which  I  believe  such  compounds  should  be  viewed. 
Telluric  Acid. — TeOa.     Is  prepared  by  deflagrating  tel- 
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lurous  acid  with  nitre ;  a  solable  tellurate  of  potash  is  thus 
obtained,  which,  when  mixed  with  nitrate  of  barytes  gives  an 
insoluble  tellurate  of  barytes,  and  this,  acted  on  by  sulphuric 
acid,  yields  sulphate  of  barytes,  and  in  solution  telluric  acid, 
which  crystallizes  in  large  prisms,  containing  three  atoms 
of  water.  Of  these,  two  are  given  off  at  212^  F.  It  does 
not  taste  acid,  but  reddens  litmus  slightly.  It  combines 
readily  with  bases,  forming  classes  of  salts  containing  one,  two, 
and  four  equivalents  of  acid.  When  the  crystallised  telluric 
acid  is  heated  to  redness  all  its  water  passes  off,  it  becomes 
orange,  and  undergoes  a  change  of  properties  like  stannic 
acid.  It  becomes  insoluble  in  water,  in  acids  and  alcaline 
solutions ;  when  very  strongly  heated,  it  gives  off  oxygen  and 
tellurous  acid  remains ;  but  if  this  anhydrous  acid  be  fused 
with  potash,  the  tellurate  of  potash  which  dissolves,  contains 
the  acid  in  its  hydrated  state.  These  forms  are  considered 
as  being  isomeric,  and  not  identical  bodies;  their  real  nature 
will  be  noticed  hereafter. 

Tellurium  and  hydrogen  combme  to  form  a  gas  teUwreiof 
hydrogen^  H.Te,  which  resembles  in  its  characters,  sulphuret 
of  hydrogen,  particularly  in  its  odour;  it  reddens  litmus,  is 
soluble  in  water,  decomposes  the  alcalies  and  earths,  forming 
soluble  tellurets,  and  precipitates  insoluble  tellurets  from  so- 
lutions of  the  other  metals. 

Tellurium  combines  with  sulphur  in  two  proportions, 
forming  sulphurets  which  do  not  require  detailed  notice. 
Its  compounds  with  the  metals,  resemble  so  completely  the 
metallic  sulphurets  as  to  render  a  separate  account  nnneces-* 
sary.  Thus,  in  every  case  where  a  metallic  sulphuret  evolves 
sulphuretted  hydrogen  gas  with  an  acid,  the  telluret  of 
the  metal  produces  telluretted  hydrogen,  and  the  metallic 
tellurets  are  soluble  or  insoluble  in  water,  precisely  as  the 
sulphurets  of  the  same  metals  are. 

Of  Uranium. 

This  metal  exists  in  some  rather  rare  minerals,  particularly 
in  pechblendef  combined  with  oxygen ;  the  processes  for  its 
extraction  arc  rendered  very  complex  by  the  presence  of  a 
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great  number  of  other  metals,  and  I  shall  refer,  therefore,  to 
the  systematic  works  for  the  details  of  its  extraction ;  the 
metal  itself  is  easily  obtained  pure  by  the  acfion  of  hydrogen 
gas  on  either  of  its  oxides,  at  a  red  heat  It  is  of  a  dark 
grey  colour,  difficultly  fusible,  specific  gravity  9*0.  Its  sym- 
bol is  U,  its  equivalents  2711,  or  217*3,  being  the  largest 
numbers  for  any  of  the  simple  bodies ;  it  combines  with  oxy- 
gen in  two  proportions. 

Protoxide  of  Uranium. — ^U.O,  is  obtained  by  decomposing 
any  salt  of  uranium  by  a  caustic  alcali ;  it  precipitates  as  a 
greenish  hydrate  which  rapidly  becomes  yellow,  forming  the 
peroxide  by  absorbing  oxygen :  the  protoxide  of  uranium 
is  dissolved  by  an  excess  of  ammonia.  Peroxide  of  uranium, 
UO3  is  formed  when  the  protoxide  is  heated  in  air,  it  is  yel- 
low, and  possesses  some  of  the  characters  of  an  acid,  uranic 
acid ;  it  reddens  litmus;  it  enters  into  combination  as  well  with 
alcalies  as  with  acids ;  the  alcaline  and  earthy  uranates  are 
insoluble,  yellow  or  orange  coloured.  This  oxide  is  used  to 
colour  glass  of  a  fine  lemon  yellow. 

The  sulphurets,  &c.,  of  uranium  are  unimportant. 

SECTION  V. 

METALS  OF  THE  FIFTH  CLASS. 

Of  Copper. 

Copper  is  one  of  the  most  important  of  the  metals,  and  one 
also  of  the  most  extensively  diffiised  through  nature.  It  ex- 
ists native  in  veins,  and  frequently  crystallized,  in  forms  be- 
longing to  the  regular  system ;  in  the  state  of  oxide  it  is 
found,  both  uncombined  and  forming  arseniates,  phosphates, 
carbonates,  and  other  salts,  but  its  most  abundant  source  is  the 
native  sulphuret.  The  ordinary  copper  ore,  copper  pyrites, 
is  a  double  sulphuret  of  copper  and  iron,  CU2S  +  Fe2S3,  and 
from  this  the  metal  is  extracted,  for  the  purposes  of  com- 
merce. 

The  general  processes  for  the  reduction  of  a  metallic  sul- 
phuret have  been  already  described,  (p.  543,)  but  from  the 
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composition  of  the  copper  ore,  some  additional  management 
is  required ;  there  are  two  metals  present  in  the  ore,  and  as 
neither  is  volatile^  the  product  after  complete  reduction 
should  be,  if  the  process  was  simply  managed  as  for  a  simple 
sulphurety  not  pure  copper,  but  an  alloy  of  one  equivalent  of 
copper  and  two  of  iron ;  this  is  avoided  by  arresting  the 
process  of  reduction  at  acertain  stage;  the  copper,  having  less 
aflinity  for  oxygen  than  the  iron,  assumes  the  metallic  state 
first,  and,  if  it  were  possible  to  work  so  accurately,  the 
whole  of  the  copper  might  be  reduced  be&re  any  iron,  and 
this  last  metal  left  altogether  in  the  scorise  as  oxide,  or 
silicate ;  but  this  not  being  feasible,  the  copper  first  obtained 
is  rendered  impure  by  the  presence  of  a  quantity  of  iron,  and 
also  of  sulphur;  this  impure  copper  is  then  calcined;  the  iron 
and  sulphur  being  the  more  combustible  bodies,  are  first 
oxidized,  and  then  again,  by  other  reductions  and  calcina- 
tions, the  copper  is  ultimately  brought  to  a  state  of  complete 
purity.  The  separation  of  the  iron  is  facilitated  by  adding 
a  small  quantity  of  sand  to  the  calcined  mass  before  the  pro- 
cess of  reduction ;  the  silicic  acid  unites  exclusively  with  the 
oxide  of  iron,  and  the  silicate  of  iron  not  being  reducible 
under  ordinary  circumstances,  the  purification  of  the  copper 
is  more  rapidly  effected. 

Though  the  copper  is  thus  rendered  quite  pure  from  iron, 
great  care  is  still  required  in  these  operations,  in  order  to  se- 
cure the  proper  softness,  ductility,  and  tenacity,  necessary  in 
the  employment  of  this  metal  in  the  arts;  thus  if  it  has  been 
too  long  in  contact  with  the  fuel,  it  combines  with  a  small 
quantity  of  carbon,  if  on  the  other  hand  the  deoxidijsmg  ac- 
tion of  the  fuel  be  not  applied  long  enough,  some  suboxide 
remains  undecomposed,  which  dissolves  in  the  metallic  copper. 
In  both  these  cases  the  metal  is  brittle,  and  of  a  bad  grain,  ao 
as  to  be  unfit  for  many  of  its  uses. 

Copper  is  obtained  also  in  the  metallic  state,  by  precipita- 
tion from  the  water  which  collects  in  the  galleries  and  shafts  of 
copper  mines,  and  which,  from  the  oxidation  of  thesulphuret 
of  copper,  contains  sulphate  of  copper  dissolved.     Frag- 
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ments  of  old  iron  are  thrown  into  the  reservoirs^  in  which  the 
drainage  water  of  the  mine  is  collected^  and  by  electro-che- 
mical action^  as  described,  pp.  Sll,  318^  and  547,  the  iron  is 
dissolved  and  the  copper  precipitated  in  irregularly  crystal- 
lized masses. 

Pure  copper  is  of  a  peculiar  well  known  reddish  colour. 
It  is  very  malleable  and  ductile,  after  iron  it  is  the  strongest 
of  the  metals.  It  crystallizes  by  fusion  in  a  form  which  is  not 
the  same  as  that  found  native,  or  produced  when  the  metal 
is  precipitated  from  its  solutions.  Its  sp.  gr.  is  8*9.  It  is 
fusible  at  1996^  It  is  not  volatile.  In  dry  air  it  is  not  tar- 
nished, but  in  damp  air  it  gradually  becomes  covered  with  a 
greenish  coating  of  basic  carbonate  of  copper.  When  heated 
in  contact  with  air,  copper  combines  rapidly  with  oxygen, 
and  passes  through  a  variety  of  rainbow  colours,  but  is  at 
last  converted  into  black  oxide,  which  forms  as  scales  upon 
its  surface.  The  series  of  colours  arises  first  from  the  action 
of  faght  upon  the  thin  coating  of  oxide,  as  also  happens  in 
the  oxidation  of  iron.  The  generality  of  acids  do  not  act  on 
copper,  at  ordinary  temperatures,  unless  in  contact  with  air, 
for  the  copper  is  incapable  of  decomposing  water;  but  at 
the  point  of  contact  with  air,  oxygen  is  directly  absorbed, 
and  the  acid  combines  with  the  oxide  so  generated.  In  this 
way,  the  feeblest  acids  may  act  upon  copper,  as  the  acetic 
acid  and  the  acids  contained  in  the  various  fatty  bodies,  and 
the  metal  be  thus  introduced  into  culinary  preparations,  and 
so  produce  poisonous  eflfects.  The  acids  which  give  off 
oxygen  directly  dissolve  copper,  as  nitric  acid,  with  evolution 
of  nitric  oxide.  Strong  oil  of  vitriol,  also,  when  boiled  on 
copper,  gives  sulphate  of  copper  and  sulphurous  acid  gas. 

The  symbol  of  copper  is  Cu,  from  its  Latin  name ;  its 
equivalent  395*7,  or  3 1*7. 

Copper  combines  with  oxygen  in  two  proportions,  form- 
ing a  suboxide  and  a  protoxide. 

Protoxide  of  Copper.— CnO.  Equivalent  495*7,  or  89-7. 
This  oxide  is  formed  by  exposing  copper,  at  a  red  heat,  to  a 
current  of  air.  It  may'also  be  obtained  by  igniting  the  nitrate 
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of  copper.  It  is  f^  dull  black  powder,  which,  by  a  very  high 
temperature,  may  be  melted,  and  crystallizes  on  cooling.  It 
dissolves  but  slowly  in  acids,  forming  the  ordinary  blue  or 
green  salts  of  copper.  When  heated,  even  below  redness,  in 
a  stream  of  hydrogen  gas  it  is  perfectly  reduced,  water  being 
formed.  It  is  thus  that,  as  described  in  p.  410,  the  composi- 
tion of  water  is  best  determined.  At  a  dull  red  heat  this 
oxide  is  reduced  completely  by  carbon  and  all  its  compounds, 
carbonic  acid  being  produced.  For  this  reason  it  is  exten- 
sively employed  in  the  ultimate  analysis  of  organic  sub- 
stances, of  which  it  converts  the  carbon  into  carbonic  acid, 
and  the  hydrogen  into  water.  The  metallic  copper  thus 
obtained,  by  the  reduction  from  the  oxide,  is  a  fine  pinkish 
red  powder,  which  has  a  remarkable  affinity  for  oxygen,  and 
b  hence  used  in  the  analysis  of  organic  substances  containing 
nitrogen,  to  prevent  the  formation  of  nitrous  or  nitric  oxides. 
When  a  solution  of  caustic  potash  is  added  in  excess  to  a 
solution  of  a  salt  of  copper,  the  protoxide  is  thrown  down  as 
a  hydrate,  CuO.HO.  It  is  a  fine  blue  powder  which  is  de- 
composed by  a  very  gentle  heat,  so  that  even  if  a  liquor  con- 
taining it  be  boiled,  it  becomes  brown  and  anhydrous,  though 
in  the  midst  of  water.  It  is  hence,  that  if  the  solution  of 
copper  be  added  to  a  boiling  solution  of  potash,  the  precipi- 
tate is  the  dark  brown  anhydrous  oxide  which,  however, 
obstinately  retains  a  little  potash. 

Suboxide  of  Copper. — CuaO.  Equivalent  891'4,  or  71*4. 
This  body  exists  native,  constituting  the  ruby  copper  ore, 
and  may  be  prepared  artificially  by  igniting  a  mixture  of  five 
parts  of  black  oxide  of  copper  and  four  of  copper  filings ; 
half  of  the  oxygen  of  the  former  passes  to  the  latter,  and 
the  whole  becomes  suboxide.  It  is  likewise  made  by  fusing 
together  three  parts  of  subchloride  of  copper  and  two  of 
dry  carbonate  of  soda ;  chloride  of  sodium  and  suboxide  of 
copper  result,  Cua.Cl  and  NaO  giving  CuaO  and  NaCl, 
whilst  the  carbonic  acid  is  given  ofi.  This  suboxide  of  cop- 
per is  a  reddish-brown  powder,  which  is  much  less  acted  on 
by  moist  air  than  pure  copper ;  and  hence,  under  ordinary 
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circumstances,  when  copper  becomes  brown  by  being  coated 
with  this  oxide,  the  action  ceases.  Articles  of  copper  are 
thus  coated  intentionally,  for  the  purpose  of  preserving  their 
surface,  by  covering  them  with  a  paste  of  red  oxide  of  iron, 
which,  when  heated,  is  thus  reduced  to  the  state  of  pro- 
toxide; 2Cu  and  Fe203  giving  CoaO  and  2.FeO  ;  this  last  is 
then  removed  by  digestion  in  a  boiling  solution  of  acetate 
of  copper. 

The  generality  of  acids  decompose  the  suboxide  of  cop- 
per into  metallic  copper,  and  the  black  oxide  with  which  the 
acid  combines,  but  besides  the  subchloride  of  copper,  several 
of  its  salts  may  be  formed  by  the  action  of  deoxidizing  agents 
on  the  salts  of  the  black  oxide;  thus  sulphurous  acid  con- 
verts the  hydrate  of  the  black  oxide  into  sulphate  of  the 
suboxide,  SO2  and  SCuO  producing  SO3  +  Cu2«0.  From 
the  solution  of  this  salt,  a  fine  orange  hydrate  of  the  red 
oxide  is  thrown  down  by  the  caustic  alcalies.  Protochlo- 
ride  of  tin  and  protosulphate  of  iron,  also  reduce  the  salts 
of  copper  to  this  state  of  oxidation. 

Sulphur  combines  with  copper  in  two  proportions,  form- 
ing sulpburets  equivalent  to  the  oxides  just  described ;  they 
are  both  found  native,  and  constitute,  particularly  the  suh- 
sulphuret,  important  ores  of  copper.  They  may  be  pre- 
pared artificially,  by  fusing  together  sulphur  and  metallic 
copper;  the  union  takes  place  with  brilliant  combustion.  If 
some  sulphur  be  placed  in  a  flask  and  heat  be  applied  so  as 
to  fin  the  flask  with  the  vapour  of  sulphur,  a  thin  copper 
wire  dipped  in  it  bums,  as  iron  does  in  oxygen,  forming  the 
subsulpburet ;  these  bodies  are  not  of  importance,  except  as 
the  great  sources  of  metalUc  copper. 

The  sulpburets  of  copper  may  also  be  formed  by  precipi- 
tating the  salts  of  copper  with  sulphuretted  hydrogen,  a 
deep  brown  powder  is  produced,  which  is  CU2S  or  CuS  ac- 
cording as  the  solution  contained  the  suboxide  or  the  pro- 
toxide of  the  metaL 

The  detection  of  copper  in  solution  is  very  simple;  the 
sidts  of  the  black  oxide  are  generally  green  or  blue;  on  the 
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addition  of  ammoniay  a  precipitate  is  produced,  bluish  or 
green,  according  to  the  acid  with  which  the  oxide  had  been 
combined,  but  in  all  cases  producing  with  an  excess  of  the 
ammonia,  a  deep  violet  coloured  solution.     The  only  metal 
which  resembles  copper  in  this  respect,  is  nickel,  and  from 
it,  it  is  distinguished  by  all  its  other  properties,  particularly 
by  the  yellow  prussiate  of  potash,  which  produces  a  fine  cho- 
colate brown  precipitate  of  ferrocyanide  of  copper.   With  sul- 
phuret  of  hydrogen,  the  salts  of  copper  give  a  dark  brown 
sulphuret,  insoluble  in  hydrosulphuret  of  ammonia ;  and  when 
a  slip  of  clean  iron  or  zinc  is  introduced  into  a  liquor  con- 
taining copper,  this  is  reduced  and  deposited  upon  the  sur- 
face of  the  zinc  or  iron,  as  a  bright  coating  of  metallic  copper. 
When  the  copper  exists  as  suboxide,  its  reactions  are 
very  different,  it  gives,  with  ammonia,  a  white  precipitate 
which  redissolves  in  an  excess,  forming  a  colourless  liquor ;  if 
there  be  no  excess  of  acid,  chloride  of  sodium  ^ves  a  white 
precipitate  of  subchloride  of  copper.    But  in  practice  it  is 
never  necessary  to  look  for  copper  by  these  reactions,  the 
salts  of  the  suboxide  absorbing  oxygen  with  such  avidity, 
that  by  a  few  minutes'  exposure  to  the  air,  their  constitution 
changes.    The  colourless  solution  of  suboxide  of  copper  in 
ammonia  becomes  violet  blue  in  the  act  of  pouring  it  from  one 
bottle  to  another;  and  hence  for  the  mere  detection  of  cop- 
per, the  properties  of  the  protoxide  alone,  need  be  taken  into 
account. 

Like  the  oxides  of  cobalt  and  nickel,  the  oxides  of  copper 
are  not  by  themselves  soluble  in  water  of  ammonia.  The 
solutions  of  these  metallic  compounds  in  water  of  ammonia, 
are  basic  salts,  to  the  constitution  of  which  the  acid,  with 
which  the  metallic  oxide  had  been  originally  combined,  is 
necessary.  The  detailed  nature  of  these  bodies  will  be  noticed 
amon^  the  compounds  of  ammonia. 

The  detection  of  copper  by  the  blowpipe  is  very  simple 
and  distinct.  Fused  with  borax,  a  substance  containing  the 
most  minute  trace  of  copper  gives  a  glass,  which  when 
heated  in  the  oxidizing  flame,  becomes  green,  being  co- 
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loured  by  the  protoxide,  but  when  ignited  in  the  reducing 
flame,  and  suddenly  cooled,  is  deep  ruby  red,  generally 
opaque.  This  change  of  colour  arises  from  the  copper 
being  reduced  to  the  state  of  suboxide.  The  colour  given 
to  glass  by  this  suboxide  is  a  pure  prismatic  red,  so  homo- 
geneous that  red  light  may  be  obtained  for  optical  experi- 
ments, by  transmitting  white  light  through  this  coloured 
glass,  and  the  tint  is  so  fine  that  this  ruby  glass  is  the  most 
valuable  that  can  be  used  for  ornamental  purposes; 

The  salts  of  copper  generally  tinge  the  flame  of  the  blow- 
pipe blue  or  green,  according  to  the  other  bodies  that  may 
be  present. 

Independent  of  the  direct  employment  of  copper  in  the 
arts,  for  which  its  properties  eminently  qualify  it,  it  enters 
into  the  composition  of  a  great  number  of  alloys  of  great  im- 
portance. Thus  bronze,  formerly  used  as  a  substitute  for 
steel,  and  still  employed  in  the  casting  of  statues  and  monu- 
ments, from  the  accuracy  with  which  it  adapts  itself  to  the 
mould,  and  its  durability,  consists  of  ninety  parts  of  copper 
and  ten  of  tin  in  100.  It  is  curious,  that  from  the  very 
earliest  ages,  this,  which  is  still  the  best  proportion,  should 
have  been  employed ;  the  bronze  swords  from  ancient  Egypt, 
from  Scandinavia,  and  those  found  in  Ireland,  having  all  this 
constitution.  Gun  meial,  or  that  of  which  cannons  are  cast, 
is  an  inferior  kind  of  bronze,  containing  somewhat  less  tin. 

The  elasticity  and  sonorousness  of  these  alloys  is  very  re- 
markable. That  used  for  bells,  bell  metal,  consists  of  80 
parts  of  copper  and  20  of  tin.  The  Indian  gongs  have  this 
composition,  but  common  bells  contain  less  tin,'  and  in  place 
of  it  some  lead  and  zinc.  In  the  proportion  of  two  parts  of 
copper  to  one  of  tin,  or,  more  accurately,  of  four  atoms  of 
copper  to  one  of  tin,  '127  to  59,  an  alloy  is  formed,  of  ex- 
ceeding brittleness  and  hardness,  and  so  brilliant,  when  truly 
polished,  as  to  be  used  for  the  mirror  surface  in  reflecting 
telescopes;  it  is  hence  called  speculum  metal.  The  quality  of 
this  alloy  is  remarkably  deteriorated  by  a  slight  deviation  to 
either  side  of  the  true  atomic  proportions. 

2u2 
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Tbe  alloys  of  zinc  and  copper  are  very  numerous  and  inw 
portant,  constituting  the  different  varieties  of  brass.  The 
best  brass  consists  of  four  atoms  of  copper  to  one  of  zinc  ; 
but  by  changing  the  proportions  of  the  metals,  a  variety  of 
shades  of  gold  lustre,  used  in  counterfeit  jewellery,  are  ob- 
tained. In  the  proportion  of  equal  parts  of  copper  and  zinc> 
hard  solder  is  produced  ;  this  is  used  in  soldering  together 
surfaces  of  brass  and  copper. 

Of  Lead. 

This  metal  exists  in  nature,  very  extensively  diffused  and 
in  a  great  variety  of  forms.  The  sulphate,  phosphate,  arsenic 
ate,  carbonate,  and  chloride  of  lead  are  found  native ;  but  it 
is  exclusively  from  the  sulphuret  of  lead,  galena^  that  the 
metal  is  extracted  for  the  purposes  of  commerce.  The  me- 
thods used  in  its  reduction  have  been  very  fiiUy  described  in 
the  preceding  chapter,  pp.  543,  645. 

Lead  is  one  of  the  softest  and  least  tenacious  of  the 
metals ;  it  is  bluish  white,  and  very  brilliant,  but  rapidly  tar- 
nishes in  the  air,  becoming  covered  with  a  greyish  coating, 
beyond  which  the  action  does  not  appear  to  extend ;  its  spe- 
cific gravity  is  1 1*44  ;  it  melts  at  612^,  and  in  solidifying,  di- 
minishes in  volume  so  that  it  is  unfit  for  accurate  castings ; 
it  may,  however,  be  obtained,  by  fusion,  crystallized  in  octo- 
hedrons ;  it  is  not  volatile ;  it  is  not  sensibly  acted  on  by 
muriatic  nor  sulphuric  acids,  except  at  very  high  tempera- 
tures, but  by  nitric  acid  it  is  rapidly  oxidized  and  dissolved. 
When  lead  is  exposed  at  the  same  time  to  air  and  moisture, 
its  oxidation  proceeds  with  great  rapidity,  so  as  to  be  used 
to  analyse  atmospheric  air,  (p.  429.)  The  oxide  so  formed 
is  not  quite  insoluble,  so  that  when  pure  water,  rain,  or  even 
common  soft  water,  is  preserved  in  leaden  cisterns,  an  im-* 
pregnation  with  lead  may  occur  in  such  amount  as  to  pro^ 
duce  dangerous  consequences,  if  employed  habitually  as  a 
drink.  Fortunately  this  is  obviated,  in  general,  by  Uie  small 
quantities  of  saline  matters,  particularly  sulphates,  whicb  all 
ordinary  spring  and  river  waters  contain.  These  react  on  the 
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oxide  of  lead,  and  forming  compounds  totally  insoluble  in 
water,  remove  all  traces  of  it  from  solution.  A  whitish  crust 
gradually  forms  on  the  interior  of  the  cistern,  and  assists, 
subsequently,  in  protecting  it  from  the  oxidizing  action  of  the 
air;  no  danger  is,  therefore,  to  be  apprehended  from  the  sup- 
ply of  water  to  a  city  being  conveyed  through  leaden  pipes, 
and  preserved  in  leaden  cisterns,  for  all  water,  of  mineral 
origin,  dissolves,  in  filtering  through  the  layers  of  rocks  in  its 
passage  to  the  surface,  a  sufficiency  of  saline  matters  to  serve 
for  its  protection. 

The  symbol  of  lead  is  Pb,  from  its  Latin  name ;  its  equiva- 
lent is  lS94f'5  or  103*7.  It  combines  with  oxygen  in  two 
proportions  forming  oxides,  which  again  uniting  form  an  in- 
termediate complex  oxide. 

Protoxide  of  Lead.— Ph.O.  Equivalent  1394-5  or  1 1 1  -7. 
This  may  be  prepared  by  exposing  metallic  lead  at  a  red 
heat  to  a  current  of  air,  the  lead  rapidly  combines  with  oxy- 
gen, and  the  oxide  so  produced  fuses.  It  forms  on  cooling 
crystalline  masses  of  a  greenish  yellow  colour;  this  constitutes 
the  litharge  of  commerce,  which  is  generally  obtained  in  the 
cupeliation  of  lead  for  the  purpose  of  extracting  from  it  the 
small  quantity  of  silver  which  its  ores  generally  contain. 
When  the  litharge  is  kept  for  some  time,  the  masses  of  it 
break  up  into  a  brick-red  crystalline  powder,  evolving  heat. 
Hiis  change  is  technically  termed  slaking,  but  it  is  not  due, 
like  the  slaking  of  lime,  to  combination  with  water,  but  to  a 
change  of  the  crystalline  form  of  the  'litharge.  The  yellow 
form  appears  to  be  more  permanent  if  the  lead  be  oxidized 
at  a  lower  temperature,  and  when  powdered  was  once  used 
as  a  yellow  pigment  under  the  name  of  massicot.  This  may 
be  produced  of  the  richest  colour  by  decomposing  the  sub- 
nitrate  of  lead  at  a  temperature  insufficient  for  the  fusion  of 
the  oxide. 

This  oxide  may  also  be  prepared  by  decomposing  a  solu. 
ble  salt  of  lead  by  caustic  potash,  a  white  precipitate  is  pro- 
duced, which  is  a  hydrate  of  the  oxide,  2Pb+H0,  by  a 
great  excess  of  caustic  potash  the  precipitate  may  be  redis- 
solved.    The  oxide  of  lead  appearing  to  have  the  power  of 
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uniting  with  most  of  the  alcalies  and  earths  to  form  com- 
pounds more  or  less  soluble.  A  body  of  this  kind  formed 
by  boiling  lime  and  litharge  together  is  capable  of  crystal- 
lizing, and  is  used  to  dye  the  hair  black.  The  hair  contains 
sulphur,  and  a  black  sulphuret  of  lead  forms  m  its  substance, 
and  is  not  liable  to  change.  The  protoxide  of  lead  requires 
12,000  parts  of  water  to  dissolve  it ;  the  solution  reacts  feebly 
alcaline ;  it  is  a  strong  base,  and  the  only  oxide  of  lead  wluch 
combines  with  acids. 

Peroxide  of  Lead. — PbOa.  Is  obtained  by  digesting  the 
protoxide  in  chlorine  water,  or  in  a  solution  of  chloride  of 
lime.  In  the  first  case  2.PbO  and  CI  produce  PbOa  and 
PbCl.  In  the  second  case,  PbO  and  CaO.Cl  produce  PbO, 
and  CaCl ;  another  simple  plan  consists  in  heating  red  lead, 
which  is  a  compound  of  the  protoxide  and  the  peroxide,  with 
dilute  nitric  acid,  until  all  the  protoxide  is  dissolved  out, 
washing  the  residue  well  and  drying  it  at  a  moderate  heat 
The  peroxide  so  obtained  is  ofa  dull,  dark  brown  colour,  when 
heated  it  gives  off  half  its  oxygen,  leaving  litharge.  With 
muriatic  acid  it  produces  chlorine  and  protochloride  of  lead, 
and  with  Sulphurous  acid,  which  it  rapidly  absorbs,  neutral 
white  sulphate  of  lead,  PbOaand  SOa  producingPbO+SOa. 
This  oxide  of  lead  does  not  form  salts. 

The  Red  Lead,  or  Minium^  Pb3O4=2.PbO-|.Pb02, 
is  produced  when  lead  is  oxidized,  so  that  the  oxide  formed 
shall  not  be  fused,  and  when  the  metal  is  all  converted  into 
the  yellow  powder,  increasing  the  heat  to  incipient  redness. 
Oxygen  continues  to  be  absorbed  until  one-third  of  the  metal 
is  converted  into  peroxide,  giving  the  constitution  above  ex- 
pressed. This  is  the  pure  red  lead,  the  colour  of  which  is 
exceedingly  brilliant;  but  the  generality  of  red  lead  found  in 
commerce  contains  an  excess  of  protoxide,  which  may  here- 
moved  by  boiling  in  a  solution  of  neutral  acetate  of  lead. 

When  red  lead  is  ignited  it  gives  off  oxygen  and  becomes 
protoxide ;  with  muriatic  acid  it  forms  protochloride  and 
chlorine.  It  does  not  form  any  proper  salts,  but  it  dissolves  ia 
acetic  acid,  completely,  giving  a  colourless  liquor,  from  which, 
after  a  little  time,  peroxide  of  lead  separates. 
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It  is  probable  that  there  exists  other  oitides  of  lead^  thus 
the  grey  coating  which  forms  on  lead  exposed  to  the  air»  is 
looked  upon  by  many  chemists  as  a  suboxide,  and  on  heat- 
ing oxalate  of  lead  to  low  redness,  a  grey  powder  is  obtained 
of  a  similar  nature,  and  yields  on  analysis  the  formula  PbaO. 
In  general  these  bodies  have  been  considered  as  mixtures  of 
the  metal  in  powder  with  the  real  protoxide,  but  I  think  the 
evidence  of  their  definite  constitution  very  strong. 

From  the  similarity  of  the  formula  of  red  lead,  Fb304,  to 
those  of  the  black  oxide  of  iron,  Fe304,  and  of  the  red  oxide 
of  manganese,  MD3O4,  it  has  been  suggested  that  it  may  con- 
tain sesquioxide  of  lead  PbaOs,  similar  to  FcaOs  and  MusOa. 
The  formula  of  red  lead  should  then  become  PbO-f-PbaOa; 
but  this  idea,  though  interesting,  is  only  hypothetical. 

Stdphuret  of  Lead.— There  is  but  one  compound  of  sul- 
phur and  lead,  the  protosulphuret,  Pb.S.  It  constitutes  the 
abundant  lead  ore,  galena,  and  may  be  formed  artificially, 
either  by  fusing  together  lead  and  sulphur,  or  by  decompo- 
sing a  solution  of  a  salt  of  lead  by  sulphuretted  hydrogen 
gas  or  hydrosulphuret  of  ammonia.  It  is  then  a  black  powder, 
insoluble  in  water,  and  in  alcalies,  and  dilute  acids.  It  is  ra- 
pidly oxidized  by  nitric  acid,  being  converted  into  sulphate 
of  lead.  From  the  perfect  insolubility  and  marked  colour  of 
this  sulphnret,  a  salt  of  lead  and  sulphuretted  hydrogen  are 
respectively  the  most  delicate  reagents  for  each  other. 

There  are  some  indications  of  the  existence  of  other  sul- 
phurets  of  lead,  which,  however,  do  not  require  special  notice. 
If  a  salt  of  lead  be  decomposed  by  bisulphuret  of  calcium,  a 
red  precipitate  appears,  possibly  a  bitulphuret  of  lead,  hiaXo" 
gous  to  the  deutoxide,  and  galena  may  be  fused  with  me- 
tallic lead,  forming  a  homogeneous  mass  in  which,  probably, 
subsulphurets  are  contained. 

The  detection  of  lead  is  simplified  very  much  by  its  form- 
ing but  one  series  of  salts,  those  of  the  protoxide.  Its  solu- 
tions are  recognized  by  gpiving,  with  caustic  potash,  a  white 
precipitate  soluble  in  excess ;  with  carbonate  of  potash,  one 
also  white,  but  insoluble  in  excess ;  with  sulphuretted  by- 
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drogeiii  one  dark  brown  or  black,  whose  characters  are  de- 
scribed above ;  with  a  solution  of  bichromate  of  potash,  the 
salts  of  lead  produce  a  fine  yellow  precipitate,  chrome  yel- 
low ;  and  witli  iodide  of  potassium,  the  iodide  of  lead,  in 
brilliant  yellow  scales,  like  fragments  of  gold  leaf.  Yellow 
prussiate  of  potash  gives  a  white  precipitate,  and  sulphate 
of  soda  a  white  sulphate  of  lead,  insoluble  in  water,  but  not 
insoluble  in  acids.  If  the  solution  contain  much  lead,  any 
soluble  chloride  throws  down  sparingly  soluble  chloride  of 
lead,  which,  however,  remains  dissolved,  if  the  solution  be 
dilute. 

Lead  and  its  preparations  are  of  the  most  extensive  use 
in  the  arts.  In  making  pipes  and  cisterns,  sulphuric  acid 
chambers,  bullets,  and  a  variety  of  other  purposes,  the  metal 
is  employed  unaltered ;  and  its  alloys  are  also  of  important 
application.  Thus,  the  metal  of  which  printing  types  are 
made  consists  of  three  parts  of  lead  to  one  of  antimony. 
The  inferior  sorts  of  pewter  are  alloys  of  lead  and  tin,  but 
the  fine  kinds  should  be  tin  with  very  little  lead,  and  some 
antimony  and  bismuth.  The  solder  used  for  soldering  sur- 
facesoflead,  orof  tinned  iron,  to  each  other,  consists  of  lead  and 
tin,  the  proportions  of  which  vary  from  two  parts  of  tin  and 
one  of  lead  to  three  parts  of  lead  and  one  of  tin,  according 
to  the  object.  The  more  tin  the  alloy  contains,  the  more 
fusible  the  alloy  is«  Pine  solder  fuses  at  360%  coarse  solder 
at600^ 

Of  Bismuth. 

Bismuth  is  not  a  common  metal.  It  is  found  but  in  a  few 
places,  and  only  in  the  metallic  state  in  ,quantity,  for  the  sul- 
phuret  of  bismuth  is  too  rare  to  be  of  technical  interest.  It 
is  extracted  from  the  rocks  through  which  it  is  disseminated, 
by  reducing  them  to  coarse  powder,  and  igniting  this  in  a  kind 
of  kiln,  the  bismuth  being  very  fusible,  melts  out,  and  col- 
lects at  the  bottom,  in  a  trough  placed  to  receive  it. 

It  is  a  white  metal,  with  a  peculiar  reddish  shade,  and 
remarkably  crystalline  structure.      It  may  be  obtained  in 
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separate  crystals  of  considerable  size,  which  are  cubes,  ge- 
nerally hollow  at  the  sides.  To  obtain  good  crystals,  the 
metal  should  be  perfectly  pure ;  this  is  effected  by  deflagra- 
ting some  nitre  on  the  surface  of  the  melted  metal,  the  im- 
purities are  more  easily  oxidized  than  the  bismuth,  and 
hence,  pass  into  the  scoriae  which  form  on  the  surface.  The 
crystals  so  obtained  have  frequently  beautiful  rainbow  tints 
on  their  surface,  from  an  exceedingly  thin  layer  of  oxide  of 
bismuth,  by  which  they  become  coated. 

Bismuth  is  very  brittle,  and  easily  oxidized.  It  is 
scarcely  acted  on  by  sulphuric  or  muriatic  acid,  but  it  decom- 
poses nitric  acid  violently,  evolving  nitric  oxide,  and  forming 
oxide  of  bismuth)  with  which  the  nitric  acid  combines.  It 
fuses  at  497^,  is  volatile  at  a  white  heat,  and  then  bums  with 
a  bluish-white  flame.     Its  sp.  gr.  is  9*9. 

The  symbol  of  bismuth  is  Bi.  Concerning  its  equivalent 
there  is  some  doubt  at  present,  as  to  whether  it  should  be 
886*9  or  three  times  so  much,  S660*7,  on  the  oxygen  scale, 
and  hence,  71'!  or  213*3  on  the  hydrogen  scale.  The  first 
number  assumed  would  make  the  oxide  of  bismuth  a  protox- 
ide, BiO,  the  last,  a  teroxide,  BiOs.  The  ground  upon 
which  the  former  view  stands  is  the  supposed  similarity  of 
some  salts  of  bismuth  to  those  of  magnesia  and  the  protox- 
ide of  copper,  but  recent  examination  has  gone  to  shew  that 
this  analogy  is  not  at  all  so  strong  as  had  been  supposed, 
and  that  their  difference  is  more  remarkable  than  their  re- 
semblance. On  the  other  hand,  the  sulphuret  of  bismuth  is 
isomorphous  with  the  sulphurets  of  antimony  and  arsenic, 
and  the  equivalent  deduced  from  the  specific  heat  of  bismuth 
agrees  with  those  for  arsenic  and  antimony,  and  assigns  the 
same  constitution  to  the  compounds  of  the  three.  The  salts 
of  the  oxide  of  bismuth  are  exceedingly  instable,  and  like 
those  of  antimony,  are  decomposed  by  water,  so  that  whilst 
it  allies  itself  to  that  metal  in  every  important  point  of 
physical  and  chemical  characters,  it  recedes  in  all  the  im- 
]>ortant  facts  of  its  history  from  copper,  iron,  zinc,  and  the 
other  metals  of  the  magnesian  class.    I,  therefore,  think 
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these  are  sufficient  grounds  for  abandoning  the  numbers  886*9 
and  71-1,  given  in  the  Table,  p.  333,  and  to  assume  2660*7 
and  213*3,  as  the  equivalents  of  bismuth  on  the  ozygen  and 
hydrogen  scales  respectively. 

Oxide  of  Bismuth,  BiOa,  equivalent  £960*7,  or  237*3,  may 
be  prepared  either  by  the  combustion  of  bismuth  at  a  high 
temperature,  or  by  the  ignition  of  the  subnitrate  of  bismuth. 
It  is  a  buff  coloured  powder,  which  may  be  melted.  It  com- 
bines with  acids  to  form  well  characterized  salts. 

The  Superoxide  of  Bismuth,  BiOs,  is  prepared  by  boiling 
finely  levigated  oxide  of  bismuth  in  a  solution  of  chloride  of 
soda.  A  fine  brown  powder  is  produced,  which  is  fireed 
with  great  difficulty  from  admixed  unaltered  oxide.  When 
heated  to  duU  redness  it  is  decomposed  into  oxygen  and 
oxide  of  bismuth ;  with  muriatic  acid  it  gives  chlorine  and 
ordinary  chloride  of  bismuth.  Its  composition  was  supposed 
to  corroborate  the  idea,  that  the  yellow  oxide  was  a  protox* 
ide,  for  on  that  idea  this  would  be  a  sesquioxide,  Bi^Os, 
like  the  sesquioxides  of  cobalt  and  nickel,  which  it  resembles 
so  much  in  properties ;  but  the  formula,  BiOs,  agrees  as  well 
with  the  analytical  results,  and  I  look  upon  it  as  correspond- 
ing to  antimonic  acid. 

Sulphuret  of  Bismuth,  BiSa>  exists  native,  in  crystals  iso- 
morphous  with  the  sulphurets  of  antimony  and  arsenic.  It 
may  be  prepared  by  fusing  bismuth  and  sulphur  together, 
or  by  adding  sulphuretted  hydrogen  to  a  solution  of  a  salt  of 
bismuth:  it  then  precipitates  as  a  brovm  powder.  It  is  inso- 
luble in  water,  and  in  hydrosulphuret  of  ammonia. 

Bismuth  is  easily  known  by  its  solutions  being  precipi- 
tated brown  by  sulphuretted  hydrogen  and  by  iodide  of 
potassium,  and  yellow  by  chromate  of  potash.  The  caustic 
and  carbonated  alcalies  produce  a  white  precipitate  ofhy- 
drated  oxide  of  bismuth  which  is  insoluble  in  excess.  A 
strong  solution  of  a  salt  of  bismuth  is  decomposed  by  the 
addition  of  water,  whereby  a  white  basic  salt  is  precipitated, 
and  the  liquor  contains  free  acid. 

Bismuth  is  extensively  employed  for  some  purposes  in 
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the  arts.  The  alloy  used  for  casting  stereotype  plates  con- 
sists of  tin,  lead,  and  bismuth  ;  and  by  increasing  the  quan- 
tity of  bismuth,  the  fusibility  of  this  alloy  becomes  so  great 
that  a  compound  of  two  parts  of  bismuth,  one  of  tin,  and  one 
of  lead,  fuses  at  201^.  This  is  the  fusible  metal  used  for 
the  bath  in  taking  the  specific  gpravities  of  vapours,  as  de- 
scribed, p.  10,  and  for  supplying  a  steady  source  of  heat  for 
other  purposes. 

SECTION  VI. 

METALS  OF  THE  SIXTH  CLASS. 
Of  Silver. 

This  metal  exists  native,  and  in  the  state  of  sulphuret,  in 
a  great  variety  of  places,  and  from  the  facility  with  which  it 
may  be  extracted  and  the  permanence  of  its  lustre  it  became 
known  at  a  very  early  period.  The  principal  sources  of  sil- 
ver are  the  mines  of  South  America ;  in  Europe,  those  of 
Saxony  are  the  most  remarkable.  A  great  deal  of  silver  is 
also  obtained  from  the  ores  of  lead,  the  sulphuret  of  lead 
being  generally  accompanied  by  the  sulphuret  of  silver  in 
small  quantity. 

The  native  silver  of  America  exists,  generally  speaking, 
too  finely  disseminated  to  be  simply  melted  out.  It  is  washed 
out  by  mercury,  this  fluid  metal  dissolving  the  silver,  and 
being  then  distilled  off,  leaves  the  precious  metal  behind.  A 
very  remarkable  process  is  used  to  extract  the  silver  from 
the  sulphuret.  This  ore  is  roasted  in  a  reverberatory  fur- 
nace with  chloride  of  sodium,  by  which  chloride  of  silver  and 
sulphuret  of  sodium  are  formed,  Ag.S  and  NaCl  giving  AgCl 
and  NaS.  This  last  is  washed  out,  and  then  the  chloride  of  sil- 
ver being  put  into  barrels  withsome  water,  pieces  of  iron,  and 
mercury,  the  iron  decomposes  the  chloride  of  silver,  forming 
chloride  of  iron  and  setting  the  silver  free,  and  this  dissolves 
in  the  mercury  forming  a  fluid  amalgam ;  this  is  strained 
through  leather  bags,  by  which  a  great  part  of  the  mercury 
passes  off,  and  a  pulpy  mass  of  amalgam  of  silver  is  obtained. 
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which  is  then  Bubmitted  to  distillation,  by  which  the  mercury 
is  separated  and  the  silver  remains  pure. 

The  method  of  extraction  of  the  silver  which  accompa- 
nies the  leady  in  galena^  is  founded  on  the  greater  rapidity 
with  which  lead  combines  with  oxygen.  In  the  smelting  of 
the  ore  the  silver  is  reduced  with  the  lead,  and  the  resulting 
impure  metal  is  melted  in  a  shallow  porous  dish  made  of 
bone  ashes,  and  when  at  a  full  red  heat  a  current  of  air  is 
urged  across  it  from  powerful  bellows.  The  lead  becomes 
converted  into  Utharge,  as  described  in  p.  649,  and  new  coat- 
ings of  oxide  of  lead  succeed  one  another  upon  the  surface, 
until  the  whole  quantity  of  that  metal  has  been  removed. 
When  the  silver  remains  pure,  the  surface  becomes  suddenly 
brilliant,  and  the  completion  of  the  work  is  known  by  the 
metal  thus  flashing  or  lightening,  as  it  is  technically  termed. 
This  is  the  process  of  cupellaiion.  The  porous  bone  earth 
capsule,  or  cupel,  absorbs  a  great  deal  of  the  litharge,  and  the 
rest  is  blown  away  from  the  surface,  as  it  forms,  by  the  blast 
of  air,  and  is  collected  in  the  front  of  the  furnace. 

This  process  has  been  remarkably  shortened  by  the  dis- 
covery that  the  quantity  of  silver  may  be  concentrated,  in  a 
comparatively  small  quantity  of  lead,  by  crystallization.  The 
silver  is  not  diffused  uniformly  through  all  the  lead,  but 
combined  in  atomic  proportions  with  a  certain  quantity  of 
it,  forming  an  alloy  which  is  then  mixed  with  the  excess  of 
lead.  This  alloy  is  more  fusible  than  lead,  so  that  when  a 
large  basin  of  lead,  containing  a  small  quantity  of  silver,  is 
melted  and  allowed  to  cool  very  slowly,  so  as  to  crystallize, 
the  portions  which  first  solidify  are  pure  lead,  and  these 
beiitg  removed  with  iron  colanders,  all  the  silver  remains  in 
the  mother  liquor.  The  process  must  be  stopped,  however, 
before  this  begins  to  congeal.  By  a  succession  of  crystalli- 
zation of  this  sort  the  great  excess  of  lead  is  gradually  got 
rid  of,  and  the  quantity  to  be  oxidized  at  the  cupel  diminished 
in  a  corresponding  degree. 

The  silver  of  commerce  is  never  pure,  and,  hence,  for 
chemical  purposes  must  be  freed  from  the  metals,  generally 
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copper,  associated  with  it.  For  this  purpose  it  is  dissolved 
in  nitric  acid,  and  its  solution  precipitated  by  common  salt. 
Chloride  of  silver  separates,  which  is  then  reduced  by  any 
of  the  methods  described  in  pp.  546,  547,  The  method  of 
assaying  may  also  be  used  to  obtain  pure  silver.  The  im- 
pure silver  is  melted  with  from  four  to  eight  times  its  weight 
of  lead,  and  this  alloy  cupelled  as  already  detailed ;  the  lead 
is  not  only  itself  oxidized,  but  the  other  metals  present,  which 
would  not  otherwise  separate,  are  converted  into  oxides, 
which  pass  off  with  the  oxide  of  lead.  It  is  in  this  way  that 
the  standard  alloys  of  silver,  for  coinage  and  plate,  are  veri'- 
iied  at  the  mint  and  other  offices. 

Silver,  when  completely  pure,  is  very  brilliant,  it  is  the 
whitest  of  the  metals  anl^  takes  a  fine  polish.  It  is  very  duc- 
tile and  malleable.  Its  sp.gr.  is  10*5,  it  fuses  at  1873^  It 
is  not  altered  by  air  or  water,  but  when  kept  melted  for  a 
considerable  time,  it  absorbs  oxygen,  which  it  api^ears  to 
hold  rather  dissolved  than  combined,  for  on  solidifying  it 
discharges  this  oxygen,  by  which  the  surface  is  thrown  into 
irregular  granulations.  The  quantity  of  oxygen  may  be  so 
great  as  twenty  times  the  volume  of  the  metal. 

Silver  is  very  soft.  It  is  hence  necessary,  in  coin,  and  in 
articles  fcflr  domestic  use,  to  add  a  certain  quantity  of  copper, 
to  render  it  less  liable  to  deterioration  from  use  or  in  being 
cleaned. 

TVhen  silver  is  exposed  to  the  air  it  gradually  tarnishes, 
which  is  due  not  to  the  formation  of  oxide  but  of  sulphuret, 
the  air  always  containing  traces  of  sulphuretted  hydrogen, 
derived  from  organic  bodies.  It  is  not  acted  on  by  sulphuric 
or  muriatic  acid,  but  is  rapidly  dissolved  by  nitric  acid,  with 
evolution  of  nitric  oxide  gas. 

Silver  combines  with  oxygen  in  three  proportions,  form- 
ing oxides,  of  which  only  one,  the  protoxide,  is  well  known. 
The  equivalent  of  silver  is  1351*6  or  108*3,  and  its  symbol  is 
Ag,  from  the  Latin  name. 

Proioatide  of  Silver.— AgO.  Equivalent  1451-6  or  116*3. 
May  be  prepared  by  adding  caustic  potash,  or  lime  water,  to 
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a  solution  of  nitrate  of  silver.     A  brown  powder  is  thrown 
down,  which  may  be  dried  at  a  gentle  heat  without  altera- 
tion.    It  then  becomes  very  dark.     When  heated  strongly, 
it  is  decomposed  into  oxygen  and  metallic  silver,  and  this 
takes  place  even  at  ordinary  temperatures,  if  it  be  in  con- 
tact with  organic  matter.     It  neutralizes  the  strongest  acids, 
as  the  sulphuric  and  nitric,  and  forms  well  characterized 
salts.    It  is  not  acted  on  by  the  fixed  alcalies,  but  with  am- 
monia it  ffvet  fulminating  silver ^  one  of  a  series  of  bodies  to 
be  hereafter  examined.    When  citrate  of  silver  is  heated  to 
212^,  in  a  current  of  hydrogen  gas,  the  metal  is  not  reduced, 
as  should  have  occurred  with  the  pure  oxide,  but  one-half 
of  the  oxygen  is  removed,  and  the  citric  acid  remains  com- 
bined with  the  suboxide  of  silver ,  Ag20.    This  salt  dissolves 
in  water,  the  solution  being  brown,  and  giving  a  brown  pre- 
cipitate of  suboxide  with  potash.    When  the  solution  of 
this  salt  is  heated,  it  becomes  colourless,  contains  a  salt  of 
the  protoxide,  and  metallic  silver  separates.    Some  other 
silver  salts  of  organic  acids  give  the  same  result  with  hydro- 
gen gas.     When  a  solution  of  nitrate  of  silver  is  decom- 
posed by  the  battery,  a  substance  is  deposited  upon  the  po- 
sitive electrode  in  needles,  sometimes  half  an  inch  long. 
These  are  resolved  by  sulphuric  acid  into  protoxide  of 
silver  and  oxygen,  and  give,  with  muriatic  acid,  chloride  of 
silver  and  free  chlorine.    They  are,  therefore,  crystals  of 
peroxide  of  silver^  probably  AgOg. 

Although  silver  does  not  combine  with  oxygen  directly, 
yet  when  it  is  heated  in  contact  with  glass  it  stains  this  of  a 
deep  yellow  or  orange  colour,  being  converted  into  oxide. 

Sulphuret  of  Silver.— Eqnivslent  15528  or  1244,  exists 
native  pure,  and  also  in  combination  with  other  metallic  sul- 
phurets,  particularly  those  of  lead,  antimony,  copper,  and 
arsenic,  forming  a  variety  of  minerals.  It  is  the  most  com- 
mon ore  of  silver.  It  may  be  formed  artificially  by  fusing 
together  sulphur  and  silver,  the  excess  of  sulphur  being  ex- 
pelled by  the  heat.  Silver  has,  indeed,  a  remarkable  affinity 
for  sulphur,  so  that  it  even  decomposes  sulphuretted  hydro- 
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gen,  and  hence  arises  the  tarnishing  of  silver  when  exposed 
to  the  atmosphere*  An  exceedingly  delicate  test  for  sulphur 
in  a  solid  body  consists  in  igniting  a  minute  fragment  of  it 
on  charcoal,  in  the  reducing  flame  of  the  blowpipe ;  the  fused 
globule  is  to  be  then  laid  on  a  bright  surface  of  silver,  as  on 
a  clean  shilling,  and  moistened ;  if  there  be  a  trace  of  sul* 
phur  in  the  substance,  a  black  or  olive  spot  will  form  on  the 
silver  where  it  is  moistened. 

Hie  sulphuret  of  silver  may  be  formed  also  in  the  wet 
way,  by  adding  sulphuretted  hydrogen,  or  hydrosulphuret  of 
ammonia  to  a  solution  of  a  salt  of  silver.  It  forms  as  a  black 
powder,  which  is  not  soluble  in  an  excess  of  the  precipitant. 
This  sulphuret  is  a  powerful  sulphur  base,  and  in  its  native 
forms,  is  generally  associated  with  negative  metallic  sulphurets. 

The  detection  of  silver  is  very  easy ;  from  the  facility 
with  which  its  oxide  is  reduced  to  the  metallic  state,  its  so- 
lutions are  precipitated  by  the  sulphites,  by  protosulphate  of 
iron,  and  by  protochloride  of  tin,  the  silver  being  reduced. 
A  solution  of  common  salt,  or  muriatic  acid,  gives  a  white 
curdy  precipitate  of  chloride  of  silver,  which  is  insoluble  in 
water  and  in  acids,  but  dissolves  in  water  of  ammonia;  when 
exposed  to  light  in  contact  with  organic  matter,  the  chlo- 
ride of  silver  becomes  tinged  violet  or  black,  owing  to  the 
formation  of  a  subchloride;  on  this  is  founded  its  application 
in  photography,  described  p.  279.  The  solutions  of  silver  give, 
with  iodide  of  potassium,  a  canary-yellow  precipitate  in- 
soluble in  ammonia,  and  with  sulphuretted  hydrogen,  a  deep 
brown  sulphuret  of  silver. 

The  uses  of  sOver  are  well  known ;  its  advantages  as  a  me- 
dium of  exchange  depend  on  the  steadiness  of  the  quantity 
of  it  brought  into  commerce,  which  prevents  great  changes 
in  its  value,  and  on  its  not  being  corroded  or  worn  down  by 
ordinary  agents.  In  a  pure  state,  it  would,  however,  be  too 
soft  to  be  used  as  coin,  and  is  hence  hardened  by  being 
alloyed,  in  the  proportions  of  222  parts  to  18  of  copper; 
this  is  the  standard  silver  of  the  mint;  the  silver  used  for 
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the  purposes  of  luxary,  contain  a  greater^  but  a  variable 
quantity  of  copper. 

Of  Mercury^  or  Quicksilver. 

From  the  remarkable  properties  of  this  metal,  and  its 
occuring  in  the  metallic  state  in  nature,  it  has  attracted  much 
attention,  from  the  earliest  ages,  and  formed  the  object  of  the 
most  elaborate  inquiries  of  the  older  chemists.  Its  volatility 
and  the  variety  of  its  compounds,  made  it  enter  into  the  the- 
ories of  that  period  as  an  important  element,  and  hence  there 
is  perhaps  no  metal  concerning  which  so  much  valuable 
kno^v ledge  was  obtained  in  the  infancy  of  chemistry. 

Mercury  is  found  native,  and  also  combined  with  gold 
and  silver,  but  its  most  abundant  ore  is  the  native  sul- 
phuret,  ctima&ar;  from  this  it  is  extracted  by  one  or  other  of 
two  processes.  The  first  consists  in  distilling  the  ore  with 
lime,  or  with  iron  in  small  pieces ;  in  the  first  case>  Hg.S 
and  CaO  produce  Ca.S,  whilst  Hg.  and  O  pass  off,  the  tem- 
perature being  too  high  to  allow  of  the  formation  of  oxide  of 
mercury ;  in  the  second  case  Hg.S  and  Fe  produce  Fe.S 
and  Hg ;  this  process  is  carried  on  in  long  furnaces,  in  which 
are  arranged  numbers  of  earthen  or  iron  retorts  to  which  are 
adapted  receivers,  in  which  the  mercurial  vapours  condense. 
The  other  plan,  which  is  that  now  adopted  in  the  best  arranged 
works,  consists  of  a  kiln,  like  that  in  which  the  pyrites  is 
roasted  for  the  manufacture  of  oil  of  vitriol;  below,  there  is 
a  grate  on  which  is  Ughted  a  fire  of  brushwood,  over  this  is  a 
light  arch  of  fire-brick,  with  numerous  perforations,  and  on 
this  is  arranged  the  cinnabar,  the  poorest  kinds  being  placed 
below,  until  the  kiln  is  filled  nearly  to  the  orifice  of  the  chim* 
ney  which  passes  off  at  the  side ;  the  fire  communicating  to 
the  ore,  the  sulphur  contained  in  it  burns,  and  the  mercury 
is  set  free  ;  HgS  and  30  producing  SO3  and  Hg.  The  kiln 
is  so  hot,  that  the  metal  is  completely  volatilized,  and  the 
mixed  vapour  of  mercury  and  sulphurous  acid  gas  are  car- 
ried by  the  draught  into  the  chimney,  which  leads  into  a 
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wide  chamber  of  brick-work,  the  sides  of  which  are  hung 
with  leather ;  on  these  the  mercury  condenses  in  drops  which 
gradually  flow  down  and  collect  on  the  floor,  whilst  the  sul- 
phurous acid  gas  passes  away  by  a  small  chimney  at  the 
farther  end,  by  means  of  which  the  continuous  combustion 
of  the  ore  is  sustained ;  at  certain  periods,  an  aperture  in  the 
side  of  this  chamber  is  opened,  and  the  mercury  which  had 
collected  is  withdrawn. 

The  mercury  is  sent  into  commerce  in  iron  bottles,  but 
generaDy  in  a  very  impure  state;  it  being  intentionally 
adulterated  with  the  alloy  of  tin,  lead,  and  bismuth,  already 
noticed,  p.  665,  of  which  it  can  dissolve  large  quantities* 
It  may  be  purified  by  distillation,  or  by  being  left  for  some 
time  in  contact  with  dilute  nitric  acid.  The  mercury  having 
less  affinity  for  oxygen  than  any  of  the  other  metals  present, 
is  the  last  to  dissolve,  and  as  soon  as  the  liquor  is  found  to 
contain  mercury,  the  metal  remaining  may  be  looked  upon  as 
pure- 
Mercury  is  distinguished  by  being  liquid  at  ordinary  tem- 
peratures ;  this,  together  with  its  resemblance  to  silver  in 
brilliancy,  is  the  origin  of  its  various  names,  hydrargyrum^ 
(vSciip  a(ryvpcoC})  qtdcisUver^  argetUum  vivum.  If  pure,  it  is 
not  tarmshed  by  exposure  to  the  air,  but  in  damp  air  its  im- 
purities become  oxidized  very  rapidly,  in  consequence  of  a 
complete  galvanic  circuit  being  formed  with  the  mercury  and 
the  other  metals  present.  At  39^  it  becomes  solid,  and  crys- 
tallizes in  octohedrons ;  it  then  contracts  very  much ;  its  sp. 
gr.  being  13*5  whenUquid,  and  14-0  when  solid.  At  662^  it 
boils  and  forms  a  colourless  vapour,  the  sp.  gr.  of  which  is 
6978.  At  and  just  below  its  boiling  point,  it  absorbs  oxygen 
from  the  air,  forming  oxide,  which  at  a  red  heat  is  agun  de- 
composed. 

Mercury  is  not  acted  on  at  common  temperatures  by  sul- 
phuric or  muriatic  acid ;  nitric  acid  oxidizes  it  rapidly,  the 
nature  of  the  product  varying  with  the  circumstances.  BoiU 
ing  oil  of  vitriol  is  decomposed  by  mercury,  sulphurous  acid 
being  evolved  and  oxide  of  mercury  produced.    There  are 

2x 
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two  oxides  of  mercury,  a  suboxide  and  a  protoxide.  The 
symbol  of  mercury  is  Hg,  from  its  Latin  name,  and  its  equi- 
valent is  1265-8  or  101-4. 

Suboxide  of  Mercury. — HgaO.  Equivalent  26S1-6  or 
210**8.  This  oxide  is  the  basis  of  many  important  prepara- 
rations,  and  is  best  prepared  by  decomposing  calomel  (sub- 
chloride  of  mercury)  by  a  solution  of  potash.  The  calomel 
being  insoluble,  the  action  must  be  favoured  by  mixing  the 
two  together  well,  by  agitation  in  a  mortar,  a  black  powder 
is  produced,  which  must  be  dried  in  the  dark,  and  by  a  very 
gentle  heat.  In  this  process,  HgaCI  and  KO,  produce  K.C1 
and  HgaO.  Lime  water  may  be  used  in  place  of  potash. 
When  this  suboxide,  or  as  it  is  often  called,  black  oxide  of 
mercury  is  heated,  it  is  resolved  into  metallic  mercury,  and 
the  protoxide,  and  this  change  occurs  slowly  at  ordinaiy 
temperatures,  if  it  be  exposed  to  the  light  His  oxide  com- 
bines with  acids  and  forms  well  characterized  salts. 

Protoxide  of  Mercury. —  HgO.  Equivalent  1365*8  or 
lOD-*.  May  be  prepared  in  a  variety  of  ways :  1st.  By  ex- 
posing mercury  for  a  long  time  to  the  action  of  the  air,  at  a 
temperature  just  below  its  boiling  point,  it  is  gradually  con- 
verted into  small  deep  red  crystals  of  this  oxide;  in  this  state 
it  was  the  red  precyntaie  per  se  of  the  older  chemists.  2lid. 
By  heating  crystals  of  nitrate  of  mercury  until  all  the  water 
and  nitric  acid  have  been  expelled,  the  oxide  remaining,  is  a 
crystalline  powder  of  an  orange-red  colour,  the  redpredpi' 
iate  by  nitric  acid.  8rd.  When  a  solution  of  chloride  of 
mercury  (corrosive  sublimate)  is  decomposed  by  caustic  pot- 
ash or  lime  water,  HgCl  and  KO  produce  KCl  and  UgO. 
It  is  thus  obtained  as  a  canary-yellow  hydrate,  which,  how- 
ever, when  dried,  becomes  deeper  coloured.  The  red  preci- 
pitate also  when  finely  divided  assumes  the  same  yellow  tint. 
This  oxide  of  mercury  is  slightly  soluble  in  water.  The 
solution  browns  turmeric  paper  slightly,  and  restores  the 
blue  colour  of  reddened  litmus.  It  combines  with  adds, 
forming  a  numerous  and  important  class  of  salts.  At  a  Adl 
red  heat  it  is  totally  resolved  into  mercury  and  oxygao,  as 
described  fully  in  page  892.     It  changes  its  colour  remark- 


8ULPHUBETS  OF  MERCUBY.  663 

ably  wilh  the  temperature,  becoming  nearly  black  when 
very  hot. 

Subsulphuret  of  Mercury ^  HgaS^  may  be  prepared  by 
decomposing  any  sfdt  of  the  suboxide  by  bydrosulphuret  of 
ammonia.  It  is  a  black  powder,  whi<^h,  on  the  application  of 
heat,  is  decomposed  into  the  protoaulphuret  and  metallic 
mercury. 

Proioiulphurei  of  Mercury,  HgS.  Equivalent  1467  or 
117*5,  constitutes  the  native  cinnabar,  the  usual  ore  of 
quicksilver.  It  may  be  prepared  artificially  by  fusing  sul- 
phur in  a  crucible,  and  adding  thereto  six  times  its  weight  of 
mercury ;  they  combine  with  the  evolution  of  considerable 
heat.  The  mass  must  be  stirred  frequently  to  favour  their 
union,  and  covered  in  order  to  prevent .  the  sulphur  from 
burning  away.  In  this  state  it  is  black,  but  when  sublimed 
at  a  red  heat  in  glass  vessels,  it  becomes  deep  red,  consti- 
toAng  faciiihue  dmiabar,  and  this,  when  levigated,  and  ex- 
posed to  strong  light,  in  flat  dishea  covered  with  a  thin  layer 
of  water,  gradually  assumes  a  very  brilliant  colour,  and 
forms  the  pigment  utrmiUon.  Thsa  sulphuret  may  also 
be  prepared  by  adding  to  a  solution  of  corrosive  subli- 
mate an  excess  of  hydrosulphuret  of  ammonia,  or  sulphuret 
of  hydrogen ;  it  is  then  a  dense  blapk  powder.  It  may, 
however,  be  obtained  red,  but  not  ^  bright  as  vermilion,  in 
the  wet  way,  by  digesting  white  precipitate  (cjiiloramide  of 
mercury)  with  hydrosulphuret  of  ammonia,  to  which  an 
excess  of  sidphur  has  been  added*  The  sulphuret  of  mer- 
cury forms  at  first  Uack,  but  after  some  tipe  become^  red, 
which  colour  may  be  brightened  by  the  action  of  a  warm 
solution  of  caustic  potash. 

The  phosphurets  and  seleniurets  of  mercury  are  of  no 
importance. 

The  presence  of  mercury  in  solution  is  very  easily  ascer- 
tained. By  the  immersion  of  a  clean  slip  of  copper,  the 
mercury  is  precipitated  in  the  metallic  state,  as  a  grey  pow- 
der on  the  surface  of  the  copper-  With  a  magnifyixtf  j;lass, 
this  is  found  to  consist  of  minute  but  brilliant  globulesj  and 

2xS 


{ 
\ 


664  DETECTION  OP  MERCURY. 

the  surface  becomes  brilliant  when  rubbed.  Protochloride 
of  tin  and  phosphorous  acid  also  precipitate  the  mer- 
cury in  the  metallic  state,  which  by  boiling  aggregates  into 
larger  globules,  easily  collected  and  recognized.  Any  solid 
body  containing  mercury  gives,  when  ignited  in  a  tube  of 
hard  glass,  particularly  on  the  addition  of  a  little  carbonate 
of  potash,  a  sublimate  of  metallic  mercury,  which,  if  in  very 
small  quantity,  appears  only  as  a  ring  of  grey  powder,  but 
is  found  to  consist  of  brilliant  globules,  when  inspected  with 
a  lens. 

The  two  classes  of  salts  which  quicksilver  forms  are  very 
dutinctly  characterized  by  their  behaviour  to  reagents.  The 
salts  of  the  suboxide  give  with  the  caustic  alcalies  black  or 
grey  [precipitates.  Sulphuretted  hydrogen  produces  the 
black  subsulphuret.  Solution  of  chloride  of  sodium  gives 
a  white  precipitate,  which  is  calomel,  and  the  bichromate  of 
potash  produces  an  orange  chromate  of  the  suboxide. 

The  salts  of  the  red  oxide  are  precipitated,  yellowish  by  an 
excess  of  caustic  potash,  and  white  by  ammonia;  with  sulphu- 
retted hydrogen  in  excess,  a  black  precipitate  of  protosul- 
phuret ;  and  with  iodide  of  potassium,  a  red  precipitate, 
which  is  redissolved  in  an  excess. 

In  many  cases,  the  appearance  of  these  predpitates 
varies  with  the  nature  of  the  acid  with  which  the  oxide  of 
mercury  had  been- combined,  but  in  all  cases  ammonia  gives 
a  black  precipitate  with  the  salts  of  the  suboxide,  and  a  white 
precipitate  with  those  of  the  red  oxide,  in  the  cold. 

There  is  a  class  of  pharmaceutical  preparations  obtained 
by  triturating  mercury  with  other  inactive  substances.  In 
these  the  mercury  is  only  reduced  to  a  state  of  very  minute 
division ;  it  is  not  oxidized.  By  triturating  mercury  with 
sulphur,  however,  a  certain  quantity  of  sulphuret  is  formed, 
although  the  great  mass  of  the  metal,  and  of  the  sulphur,  re- 
mains uncombined. 

Of  Gold. 

This  valuable  metal  is  found  only  in  the  metallic  state, 
either  pure  or  alloyed  with  other  metab,  particularly  silrer 
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tellurium,  and  mercury ;  the  rocks  in  which  it  is  found  dis- 
tributed are  generally  those  of  igneous  origin,  but  the 
greater  part  of  the  gold  of  commerce  is  obtained  by  wash- 
ing the  sands  of  the  rivers  which  have  their  source  in  such 
mountains^  the  particles  of  metal  being  carried  down  with  the 
detritus  of  the  rock,  and,  from  their  greater  density,  being 
deposited  first  when  the  sand  is  washed ;  any  fragments  large 
enough  to  be  visible  are  separated  by  the  hand,  but  the  re- 
mainder is  dissolved  out  by  a  process  of  amalgamation,  simi- 
lar to  that  described,  p.  655,  for  the  extraction  of  native 
silver.  When  the  gold  is  alloyed  with  silver  they  are  sepa- 
rated by  means  of  nitric  acid,  which  dissolves  the  latter  metal, 
but  if  the  quantity  present  be  small,  the  gold  protects  it 
from  the  action  of  the  acid  and  a  process  termed  quartaiion 
is  employed ;  this  consists  in  alloying  the  gold  with  three 
times  its  weight  of  silver,  and  then  acting  on  the  mass  with 
nitric  acid;  when  the  solution  of  the  silver  has  once  com- 
menced it  does  not  cease  until  the  entire  quantity  present 
has  been  removed. 

Pure  gold  is  yellow,  very  malleable  and  ductile,  and 
nearly  as  soft  as  lead ;  hence  for  the  purposes  of  commerce 
and  of  the  coinage,  it  is  alloyed  with  a  quantity  of  copper, 
amounting  to  83  in  1000.  Instances  of  the  exceeding  de- 
gree of  division  to  which  this  metal  may  be  reduced,  have 
been  given,  p.  12.  Gold  has  no  tendency  to  combine  with 
oxygen  or  sulphur,  and  hence  retains  its  brilliancy  in  the  open 
air  for  any  length  of  time.  It  melts  at  2016^;  its  density  is 
19*5 ;  it  is  not  acted  on  by  any  single  acid,  but  is  dissolved  by 
nitro-muriatic  acid,  and  by  a  mixture  of  nitric  and  hydro- 
fluoric acids. 

The  symbol  of  gold  is  Au,  from  its  Latin  name,  and  its 
equivalent  numbers  2486  or  199*3. 

There  are  two  oxides  of  gold  obtained  by  the  decompo- 
sition of  the  corresponding  chlorides,  which  will  be  hereafter 
described.  The  deutoxide  of  gold,  Au02,  is  a  green  powder, 
which  does  not  combine  with  acids,  but  dissolves  in  solutiou  of 
caustic  potash  and  soon  separates  into  the  higher  oxide  and 


666    PROPERTIES  AND  DETECTION  OF  GOLD. 

metallic  gold.  The  peroxide  of  gold,  auric  acid,  AuOs,  i> 
best  prepared  by  decomposing  perchloride  of  gold  by  an  ex- 
cess of  magnesia;  chloride  of  magnesium  dissolves,  and  an 
insoluble  aurate  of  magnesia  remains ;  this  is  to  be  then  di- 
gested in  cold  dilute  nitric  acid  which  dissolves  out  the  mag- 
nesia with  a  little  auric  acid,  but  leaves  the  greater  part  of 
this  last  behind  as  a  reddish  hydrate,  which,  when  dried  in 
the  air,  becomes  brown,  and  at  919^  gives  off  water  and  re- 
mains black.  This  substance  does  not  combine  with  any  add; 
by  muriatic  acid  it  is  decomposed,  perchloride  of  gold  being 
formed ;  it  combines  with  alcalies  strongly,  so  that  the  pre- 
cipitate given  by  a  soludon  of  gold,  with  a  caustic  alcali,  is 
always  a  compound  of  auric  acid  with  the  base ;  there  are 
flolttble  and  insoluble  auratesi  but  their  atomic  constitution 
has  not  been  studied.  Solutions  of  auric  add,  and  even  that 
body  in  powder,  are  decomposed  rapidly  on  exposure  to  the 
light,  metallic  gold  being  separated. 

Gold  is  deposited  from  its  solutions,  by  means  of  any  of 
the  deoxidizing  agents,  noticed  under  silver  and  mercury. 
Protosulphate  of  iron  gives  a  brown  powder,  which,  under 
the  burnisher,  assumes  the  colour  and  brilliancy  of  the  me- 
tal ;  protochloride  of  tin  produces  a  fine  purple  precipitate, 
the  purple  o/Cageiue,  which  is  not  metallic  gold,  but  it  ap- 
pears to  be  a  compound  of  oxide  of  tin  and  a  suboxide  of  gold, 
for  it  is  perfectly  soluble  in  water  of  ammonia,  and  mercury 
digested  on  it  does  not  dissolve  out  any  metallic  gold.  Various 
processes  are  given  for  this  preparaticm,  which  it  is  not  easy 
to  obtain  of  the  proper  depth  and  purity  of  colour ;  when 
exposed  to  a  red  heat,  it  is  changed  into  a  mixture  of  per- 
oxide of  tin  and  metallic  gold,  but  its  purple  colour  remains ; 
it  is  hence  employed  for  painting  on  glass  and  porcelain. 
When  metallic  gold  is  heated  on  the  surface  of  glass,  it  ap- 
pears to  become  oxidized,  and  in  that  state  to  combine  with 
the  glass,  staining  it  a  rich  purple  colour. 

Sulphur  and  gold  combine  to  form  sulphurets  similar  in 
constitution  to  the  oxides ;  they  are  produced  by  decomposing 
the  corresponding  chlorides  by  sulphuretted  hydrogen;  they 
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are  brown  powders^  which  are  strong  sulphur  acids,  and  dis- 
pdve  in  hydrosulphuret  of  ammonia. 

The  uses  of  gold  are  well  known.  The  commercial  value 
of  its  alloys  is  ascertained,  either  by  cupellation,  p.  657,  by 
quartadon,  p.  665,  or  by  the  touchstone,  which  is  a  variety 
of  flinty  slate  (lydian  stone)  or  basalt,  of  an  uniform  black 
colour.  A  streak  is  drawn  on  the  surface  of  the  stone  with 
the  piece  of  gold  to  be  tried,  and  this  is  compared  with  those 
given  by  a  series  of  alloys,  the  composition  of  which  is  known, 
until  one  is  found  identical  in  aspect  with  it,  which  must  re- 
sult from  the  two  being  of  the  same  degree  of  purity.  In 
these  trials  it  is  necessary,  however,  to  know  beforehand 
whether  the  alloy  is  silver  or  copper,  or  whether,  as  fre- 
quenily  occiurs,  both  be  present. 

OfPaOadium. 

This  metal  b  found  associated  with  platinum,  but  seldom 
constitutes  more  than  one  per  cent,  of  the  ore.  After  the 
platinum  has  been  precipitated  from  the  solution  in  aqua-re- 
gia,  by  means  of  sal-ammoniac,  cyanide  of  mercury  is  added  by 
which  all  the  palladium  is  thrown  down  as  cyanide ;  this, 
when  ignited,  is  totally  decomposed  and  metallic  palladium 
remains. 

The  general  characters  of  palladium  are  very  similar  to 
those  of  platinum ;  it  is  white,  almost  infusible,  but  admits  of 
bdng  welded  ;  it  is  malleable  and  ductile ;  specific  gravity, 
11*5.  When  heated  below  ignition,  its  surface  becomes 
blue  and  green  from  the  formation  of  a  thin  layer  of  sub- 
oxide, but  by  a  stronger  heat  this  is  reduced  and  the  metal 
becomes  bright.  Palladium  is  not  sensibly  acted  on  by  mu- 
riatic or  sulphuric  acid,  but  it  dissolves  in  nitric  acid  with 
facility.  The  symbol  of  palladium  is  Pd,  and  its  atomic 
weight  665-9  or  53*4. 

There  are  three  oxides  of  palladium,  of  which  only  one, 
the  protoxide  PdO,  equivalent  765*9  or  61*4  has  been  as  yet 
studied  with  much  care ;  this  oxide  is  formed  when  palla- 
dimn  disserves  in  nitric  acid,  and  is  obtained  as  a  black 
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powder  when  the  nitrate  is  decomposed  at  a  temperature 
below  redness;  by  the  addition  of  potash  to  a  salt  of  palla- 
dium, this  oxide  is  thrown  down,  hydrated,  as  a  brown 
powder.  If  the  protoxide  of  palladium  be  exposed  to  a  dull 
red  heat,  it  parts  with  half  its  oxygen,  and  a  suboxide  Pd^O 
is  produced,  which  gives  a  series  of  salts,  resembling  in  ge- 
neral characters  those  of  the  suboxide  of  copper. 

By  decomposing  the  bichloride  of  palladium  with  carbo- 
nate of  potash,  the  deutoxide  PdOs  is  obtained  as  a  yellowish 
brown  powder ;  it  appears  to  combine  both  with  acids  and 
alcalies,  but  of  its  properties  very  little  is  known. 

There  are  sulpkureis  of  paJkidium,  which  correspond  to 
the  oxides,  but  further  than  that  they  are  brown  powders,  ge- 
nerated by  the  action  of  sulphuret  of  hydrogen  on  the  re- 
spective chlorides,  they  have  not  been  much  examined. 

Palladium  in  solution,  is  at  once  recognized  by  giving 
with  ammonia  a  flesh-red  precipitate,  which  redisscrfves  in  an 
excess,  giving  a  colourless  solution;  with  cyanide  of  mer- 
cury it  produces  a  whitish  precipitate,  and  with  iodide  of 
potassium^  a  black  powder. 

OfPUUinum. 

Platinum  was  originally  discovered  in  the  sands  of  some 
South  American  rivers,  and  from  its  similarity  to  silver  (plata) 
obtained  the  name  of  platina  (little  silver.)  It  has  since  been 
found  more  abundantly  in  the  mountains  of  the  Oural,  which 
separate  European  from  Asiatic  Russia.  The  supply  of  pla- 
tinum has  increased  so  much  lately,  that  a  coinage  of  it,  issued 
some  years  ago  by  the  Russian  government,  was  obliged  to 
be  recalled,  from  the  rapid  diminution  in  value  which  it  under- 
went 

The  platinum  exists  native,  but  is  associated  with  a  great 
number  of  metals,  particularly  four,  remarkable  for  not  being 
found  except  along  with  it.  The  grains  of  metal  are  dissemi- 
nated in  rocks  of  igneous  origin,  (granite,  syenite)  and  in  the 
sands  of  rivers  which  flow  over  them.  The  processes  for  the 
extraction  of  platinum  from  the  crude  ore  are  very  com* 
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plezy  and  as  the  working  of  it  has  become  a  branch  of  manu- 
facture, the  chemist  always  obtains  the  pure  metal  in  coifi- 
merce,  and  its  details  need  not  be  inserted. 

Pure  platinum  is  white  like  silver,  but  not  so  brilliant.  It 
is  the  densest  of  all  bodies,  its  sp.  gr.  being  2V5.  It  is  very 
malleable  and  ductile.  It  is  infusible  except  by  the  hydroxyen 
blow-pipe,  but  at  a  high  temperature  may  be  welded  like  iron, 
and  thus  worked  into  the  various  forms  in  which  it  is  em- 
ployed in  the  chemical  arts.  Platinum  may  also  exist  in  a 
state  of  minute  division,  and  thereby  becomes  useful  in  many 
operations,  particularly  those  of  slow  combustion,  as  noticed 
in  pp.  286,  406,  465.  The  finely  divided  platinum  is  of  two 
kiadSiSpongyphUinum  ejid platinum-black.  The  former  is  pre- 
pared by  dissolving  chloride  of  platinum  and  sal-ammoniac 
separately  in  alcohol,  and  mixing  the  solutions;  the  double 
chloride  of  platinum  and  ammonium  is  thus  produced,  as  a 
fine  yellow  powder,  which,  whilst  yet  moist,  is  to  be  made 
into  balls  like  peas,  and  heated  topfull  redness.  The  chlorine 
is  all  carried  off  by  the  hydrogen  of  the  ammonia,  and  the 
platinum  remains  as  a  light  grey  sponge,  in  the  form  of  the 
little  balls ;  it  is  this  kind  of  platiniun  that  is  used  in  the 
aphlogistic  lamp,  in  the  eudiometer,  and  for  other  purposes 
already  noticed.  The  platinum-black  may  be  obtained 
either  by  precipitating  a  solution  of  bichloride  of  platinum 
with  zinc,  and  boiling  the  precipitate  in  muriatic  acid  for  a  few 
minutes  ;  or  better,  by  dissolving  protochloride  of  platinum  in 
a  boiling  solution  of  potash,  and  of  adding  thereto  alcohol,  in 
small  quantities  at  a  time,  until  all  effervescence  ceases ;  a  jet 
black  precipitate  is  produced,  which  is  to  be  boiled  succes- 
sively with  alcohol,  muriatic  acid,  and  potash,  and,  finally, 
four  or  five  times  in  water.  The  substance  thus  obtained  is  pure 
metallic  platinum,  but  it  is  a  dull  black  powder.  It  absorbs 
oxygen  in  considerable  quantity,  and  hence  when  brought 
into  an  atmosphere  of  any  inflammable  vapour  it  facilitates  the 
combination  of  the  two  with  remarkable  energy.  Doebe« 
reiner  terms  it  an  oxyphorus  from  this  property.    Many  inte- 
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resting  reactions  in  organic  chemistry  succeed  only  by  the 
aid  of  tfaia  platinum-black. 

Platinum  has  no  tendency  to  combine  with  the  oxygen  of 
the  air,  but  it  is  oxidised  sUghtiy  when  nitre  or  even  potash 
is  fused  in  contact  with  it  It  resists  the  action  of  all  acids 
except  the  nitro-muriatic  acid  and  the  nitro-hydrofluoric 
adds,  and  in  these  it  dissolves  more  slowly  than  gold. 

The  symbol  of  platinum  is  PL  Its  equivalent  is  1233-5 
or  96-8.  By  the  decomposition  of  the  chlorides  of  platinum, 
Iwo  oxides  of  it  are  obtained. 

Proiwnde  of  Platimm.—PtO.  Equivalent  1S8S*5  or 
106*8.  Is  produced  by  digesting  the  protochloride  with  aa 
much  potash  as  exactiy  suffices  for  its  decompoution.  Aa 
excess  of  potash  dissolves  it,  forming  a  dark  olive  liquor. 
When  pure  it  is  a  black  powder,  easily  decomposed  by  heat 
into  platinum  and  oxygen.  It  ctmilnnes  with  acids  forming 
salts,  which  have  been  as  yet  but  little  studied. 

Demtaaide  of  Pkitimm.—FtOt.  Equivalent  14SS'5  or 
114-8.  This  substance  has  a  remarkable  tendency  to  com- 
bine with  bases,  and  hence  cannot  be  obtained  pure  by  the 
direct  decomposition  of  the  chloride,  as  it  carries  down  with 
it,  always,  a  quantity  of  the  alcali  employed,  if  this  be  in  ex- 
cess, and  if  it  be  not,  then  only  a  basic  chloride  is  obtained. 
The  nitrate  of  platinum,  however,  when  decomposed  by  soda, 
yields  one-half  of  the  oxide  of  platinum,  pure,  but  hydrated, 
forming  a  brown  powder  like  the  peroxide  of  iron ;  when  an- 
hydrous it  is  black ;  by  heat  it  is  resolved  into  oxygen  and 
platinum.  This  oxide  appears  to  form  two  kinds  of  salts, 
one  with  acids,  in  which  it  is  the  base,  and  the  other  with 
alcaUes  and  earths,  in  which  it  is  the  acid.  In  another  place 
I  shall  notice  them  further. 

There  are  two  sulphurets  of  platinum  corresponding  to  tiie 
two  oxides.  The  first  PtS.  is  produced  by  digesting  the 
protochloride  with  sulphuret  of  hydrogen.  It  is  a  deep 
brown  powder,  decomposed  by  a  red  heat,  but  not  other- 
win  interesting.    The  bisulphuret,  PtSs»  is  produced  in  a 
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rimilar  way  by  adding  sulphuret  of  hydrogen  to  a  solution  of 
bichloride  of  platinum.  It  is  a  brown  powder,  which  absorbs 
oxygen  rapidly  even  in  drying,  and  becomes  acid.  By  nitric 
acid  it  is  converted  with  intense  action  into  sulphate  of  pla- 
tinum. 

Phosphurets  and  seleniurets  of  platinum  have  been 
formed,  but  they  are  not  important 

The  detection  of  platinum  is  effected  easily  by  precipita- 
ting its  solution  by  a  slip  of  zinc,  when  a  black  powder  se- 
parates, soluble  only  in  aqua  r^a,  and  then  giving  with 
reageants  the  following  results.  A  solution  of  sal-ammoniac  in 
alcohol  gives  a  fine  yellow  crystalliiie  precipitate ;  a  solution 
of  iodide  of  potassium  a  black  precipitate,  whidi  dissolves  in 
an  excess  producing  a  rich  crimson  solution  $  with  sulphu- 
ret  of  hydrogen  the  brown  bisulphuret  of  platinum,  and  with 
protochloride  of  tin,  a  chocolate  precipitate  or  a  deep  reddish 
solution,  according  to  the  quantity  present 

The  action  of  this  last  reagent  is  founded  on  the  reduc- 
tion of  the  bichloride  of  platinum  to  the  state  of  protochloride 
by  the  first  portion  of  protochloride  of  tin  employed.  This 
test  acts,  therefore,  also  with  solutions  of  the  protoxide  of  pla- 
tinum, and  the  metal  may  be  also  known  to  be  in  the  state  of 
protoxide,  when,  on  the  appHcation.of  iodide  of  potassium  in 
excess,  the  liquor  is  not  coloured  red,  but  becomes  so  on  the 
addition  of  a  drop  of  nitric  acid  or  chlorine  water. 

The  great  use  of  platinum  is  for  the  manufiicture  of  the 
large  boilers  used  in  the  concentration  of  oil  of  vitriol ;  it  is 
also  universally  employed  as  the  material  for  the  crucibles 
used  in  the  more  delici^te  operations  of  mineral  analysis.  In-* 
deed  the  accuracy  now  attained  in  that  department  of  re- 
search, is  in  a  great  part  due  to  the  introduction  of  platinum 
vessels  into  the  laboratory ;  it  is  also  occasionally  used  in 
enamelling  on  glass  and  porcelain. 

Of  Iridium  and  Rhodium. 
These  metals  are,  like  palladium  and  iridium,  found  only 
associated  with  platinumi  and  are  extracted  from  the  crude 
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ore  already  noticed ;  the  iridium  and  osmium  are.  however, 
united,  forming  an  alloy,  the  crystalline  grains  of  which  are 
merely  mixed  with  the  particles  of  the  platinum  ore  in  which 
the  rhodium  and  palladium  are  contained ;  when  the  platina 
ore  is  dissolved  in  aqua  regia,  the  iridium  and  osmium  ore 
remuns  undissolved,  and  requires  to  be  treated  by  fusion 
with  caustic  potash,  the  iridium  then  becomes  oxidized  and 
combines  with  the  alcali.  The  processes  of  purification  need 
not  be  inserted* 

Metallic  iridium  resembles  platinum,  but  is  still  more  m- 
fusible ;  when  fused  .by  the  voltaic  battery,  it  is  white  and 
very  brilliant,  specific  gravity  18*68 ;  after  being  strongly 
heated,  it  is  insoluble  in  acids,  but  when  obtained  in  the 
spongy  form  by  the  reduction  of  its  oxides  by  hydrogen 
at  a  red  heat,  it  becomes  slightly  oxidized  and  is  soluble  in 
aqua  regia. 

Iridium  combines  with  oxygen  in  four  proportions,  its 
symbol  is  Ir,  and  its  equivalent  1233*5  or  98*8,  the  same  as 
that  of  platinum. 

Protoxide  of  Iridium. — IrO,  is  obtained  by  decomposing 
the  protochloride  by  carbonate  of  potash,  it  appears  as  a 
greenish-grey  hydrate ;  this  oxide  combines  with  acids. 
The  sesquioxidef  Ir^Oa,  is  that  formed  when  the  metal  is 
ignited  with  potash ;  it  is  a  bluish-black  powder,  and  is  the 
most  permanent  of  the  oxides^  it  is  not  decomposed  except 
at  a  heat  above  the  melting  point  of  silver,  whereas  the 
higher  and  lower  degrees  pass  into  it  on  the  application  of 
heat.  This  oxide  unites  with  acids,  giving  dark  blood-red 
coloured  salts.  The  deutoxide  of  iridimmflrO^i  exists  com- 
bined with  acids,  but  has  not  been  isolated.  The  peroxide, 
IrOa,  is  formed  in  small  quantity  when  iridium  is  ignited  with 
nitre,  but  is  best  prepared  by  the  decomposition  of  the  per- 
chloride.  Solutions  containing  salts  of  the  protoxide  and  of 
the  peroxide  together,  present  a  great  variety  of  shades  of 
purple  and  blue,  and  hence  gave  origin  to  the  name  of  the 
metal  (Iris). 

Rhodium. — This  metal  remains  dissolved  in  the  nitro- 
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muriatic  solution  of  the  platinum  ore  after  the  platinum  and 
palladium  hayebeen  separated  from  it;  for  the  mode  of  elimi- 
nating it  from  the  many  metals  which  still  remain,  I  refer  to 
the  systematic  works. 

Metallic  rhodium  is  obtained  by  the  decomposition  of  its 
chloride  at  a  red  heat  by  hydrogen  gas ;  when  rendered  co- 
herent by  pressure  it  is  white,  but  very  brittle  and  hard,  sp. 
gr.  about  11 '0.  If  completely  pure,  it  is  not  acted  on  even  by 
aqua-regia,  but  it  illustrates  remarkably,  the  principle  of  com- 
municated affinity  described,  p.  384,  for  when  alloyed  with 
copper,  lead,  or  platina,  it  dissolves  along  with  the  other 
metal  in  aqua-regia.  Rhodium  derives  its  name  from  the 
beautiful  rose  {poSog)  colour  of  its  solutions ;  it  combines 
with  oxygen  in  two  proportions  ;'Jts  symbol  isR,  and  its  equi- 
valent 6614  or  52-2. 

Of  the  protoxide  of  rhocKum,  it  is  only  known  that  it  ex- 
ists in  certain  salts  that'  have  been  but  little  examined ;  the 
sesquioxtde^  R2O3,  is  the  basis  of  the  most  important  com- 
pounds of  this  metal.    It  is  prepared  by  igniting  metallic 
rhodium  with  a  mixture  of  caustic  potash  and  nitre ;  a  brown 
mass  is  formed,  which,  when  decomposed  by  muriatic  acid, 
yields  the  oxide  as  a  grey  hydrate,  insoluble  in  acids.     Ber- 
zelius  is  of  opinion,  that  there  are  two  isomeric  forms  of  this 
oxide,  the  salts  of  one  being  yellow  in  solution,  and  those  of 
the  other  being  rose-coloured.    There  are  supposed  to  ^x- 
ist  alsoj  complex  oxides  of  rhodium,  resembling,  probably,  the 
complex  oxides  of  iron  and  manganese.    The  equivalent  of 
rhodium  is  so  nearly  equal  to  that  of  palladium,  that  some  re- 
lations might  be  expected  in  the  constitution  of  their  com- 
Irinations,  which  as  yet  does  not  appear  to  have  been  experi- 
mentally investigated. 


CHAPTER  XIV. 

ON  THB  GENERAL  PROPERTIES  AND  CONSTITUTION 
OF  SALTS. 

The  bodies  included  under  the  name  of  salts,  may  be 
arranged  in  two  clasaeSi  characterized  by  a  remarkable  dif- 
ference of  chemical  constitution ;  the  first  comprehends  such 
as  are  formed  by  the  union  of  a  simple  body  of  the  chlorine 
family,  with  a  metal,  thus  chloride  of  sodium,  iodide  of  potas- 
sium, bromide  of  iron,  fluoride  of  calcium,  are  of  this  kind. 
The  salts  of  the  second  class,  on  the  contrary,  are  formed  by 
the  union  of  substances  already  compound,  and  possessed  of 
those  opposite  properties,  by  which  one  is  determined  to  be 
an  acid  and  the-  other  a  base.  The  general  characters  of 
acids  and  bases,  and  of  the  salts  formed  by  their  union,  have 
been  sufficiently  described  in  many  places  already,  (pp.  244, 
S48,  263,)  and  need  not  be  here  repeated.  In  general,  the 
acids  and  bases  so  engaged  contain  oxygen  as  their  electro- 
negative ingredient,  but  there  are  classes  of  salts  formed  by 
the  union  of  sulphur  acids  and  sulphur  bases,  and  as  noticed 
in  pp.  887  and  461,  selenium  and  tellurium  resemble  oxygen 
and  sulphur  in  this  respect  The  history  of  the  metalliccom- 
pounds  inthelast  chapter  affords  many  casesofthe  existence  of 
such  salts,  and,  in  the  detailed  history  of  the  more  important 
salts  which  will  follow,  others  shall  be  described;  but  there  are 
some  points  of  more  general  interest  touching  the  salts  as  a 
dass,  the  laws  of  formation  to  which  they  are  subjected,  and 
the  relations  between  their  several  subdivisions,  which  I  shall 
now  proceed  to  notice,  as  briefly  as  the  subject  will  admit. 

I  have  frequendy  adverted  to  the  circumstance  that  the 
bodies  termed  hydracidi^  were  in  reality  not  acids,  but  com- 
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pounds  of  hydrogen^  in  which  that  element  acted  as  a  posi- 
tive  metallic  constituent,  and  that  when  they  act  on  a  n^tallie 
oxide,  double  decomposition  generally  occurs,  precisely  as 
when  a  chloride,  or  iodide  of  zinc,  or  copper,  is  decomposed 
by  potash  or  by  soda.  Thus,  CLH  and  K.O  produce  CLK 
and  H.O  precisely  as  when  Cl.Cu  and  KO  produce  ClKand 
CuO.  The  chlorides  and  iodides  of  hydrogen,  although  po- 
pularly called  acids  (muriatic  and  hydriodic  acids)  are,  thus, 
really  salts,  and  in  all  their  reactions  display  that  constitu- 
tion. Abo  when  a  hydracid  is  put  in  contact  with  a  metal, 
the  solution  of  it  isdetermined  altogether  by  its  power  of  expel- 
ling the  hydrogen,  and  of  taking  its  place.  From  CIH  and 
Zn  there  are  produced  ClZn,  and  H  becomes  free,  precisely 
as  chloride  of  copper,  CuCl,  is  decompoeed  by  zinc,  copper 
being  precipitated.  The  hydracids,  therefore,  do  not  unite 
with  metalhc  oxides  to  form  salts,  but  they  decompose  them, 
water  being  erolved. 

The  hydracids  are  capable  of  forming  what  are  termed 
acid-salts,  thus  the  fluoride  of  potassium  combines  with 
hydrofluoric  acid  to  form  an  acid  compound;  the  chloride  of 
hydrogen  combines  with  chloride  of  gold;  but  these  bodies 
are  really  double  salts.  The  compounds  of  hydrogen,  in 
such  combinations,  resembling  the  corresponding  compounds 
of  zinc,  copper,  &c,  which,  under  the  same  circumstances, 
all  form  corresponding  double  salts. 

I  have  already  described  the  functions  of  water,  in  the 
hydrates  of  the  ordinary  oxygen  acids,  that  these  are  salts 
of  water,  subject  to  the  same  rules  of  composidon  as  the 
ordinary  salts  of  the  same  acid.  When  such  an  acid,  as  for 
example,  oil  of  vitriol,  SO3  +  HO,  acts  upon  a  metallic 
oxide,  the  water  is  displaced,  and  a  salt  of  the  metallic  oxide 
formed.  When  such  a  hydrated  add  acts  on  a  metal,  this 
may  be  dissolved  either  by  substitution  for,  and  displace- 
ment of,  the  hydrogen,  as  in  the  ordinary  cases  of  obtaining 
that  gas,  or  by  the  direct  decomposition  of  a  part  of  the  acid, 
as  in  the  processes  for  obtaining  sulphurous  acid  and  nitric 
oxide,  (pp.  444, 462.) 
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Salts  may  b^  either  neutral,  acid,  or  basic  A  salt  is 
neatral  which  does  not  manifest,  in  its  action  on  vegetable 
colours,  acid  or  alcaline  properties,  and  consists  generally  of 
one  equivalent  of  acid  united  to  one  equivalent  of  base,  this 
last  containing  one  equivalent  of  oxygen.  The  true  neutral 
salts  have,  therefore,  for  bases,  either  suboxides  or  protox- 
ides. The  salts  of  sesquioxides  and  deutoxides  generally  re- 
act like  adds,  except  where  there  b  an  excess  of  base.  The 
quantity  of  acid  with  which  metallic  oxides  are  disposed  to 
unite,  in  their  most  neutral  salts,  is  subject  to  a  remarkable 
proportion,  being  one  equivalent  for  each  atom  of  oxygen 
which  the  base  contains.  Thus,  a  protoxide  or  suboxide 
combines  with  one  equivalent  of  acid.  The  sulphate  of  sine 
is  ZnO.S03 ;  sulphate  of  copper  CuO.SOs;  the  subnitrate  of 
mercury  HgsO.NOs.  A  sesquioxide  unites  with  three  equi- 
valents of  acid,  as  sulphate  of  alumina,  AI3O3  +  dSO). 
Salts  in  which  this  law  is  observed  to  hold  are  generally  de- 
scribed as  neutral,  even  though  their  action  on  vegetable 
colours  may  indicate  a  preponderance  of  acid;  and  under- 
standing by  the  word,  not  the  absence  or  presence  of  the 
property  of  changing  turmeric  or  litmus,  but  the  state  in 
which  the  characteristic  properties  of  acid  and  base  are 
most  neutralized,  the  definition  of  a  neutral  salt  may  best  be, 
that  in  which  the  number  of  atoms  of  acid  is  equal  to  the 
number  of  atoms  of  oxygen  in  the  base. 

There  are  two  kinds  of  acid  salU;  1st,  those  in  which  the 
excess  of  acid  is  present  in  its  hydrated  form ;  and  2nd, 
those  in  which  the  dry  acid  is  in  excess.  These  differ  re; 
markably  in  nature,  those  of  the  first  class  being  not  really 
acid  salts,  but  double  salts,  of  which  one  base  is  water. 
Thus,  the  common  bbulphate  of  potash,  of  which  the  for- 
mula is  RO.SO3  -f-  HO.SO3,  is  one  of  a  family  of  double 
salts,  in  which  sulphate  of  potash  is  united  to  a  sulphate  of 
a  protoxide,  as  sulphate  of  copper,  of  zinc,  of  iron,  or  of 
magnesia.  There  is  thus  really  no  excess  of  acid.  In  like 
manner,  the  bicarbonate  of  potash  is  a  double  carbonate  of 
potash  and  water,  KO.COs  +  HO.COs,  to  which  similar 
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analogies  exist.  These  salts  resemble  completely  the  acid 
salts  of  the  hydracids,  described  in  the  beginning  of  this 
chapter  ;  KO.SO3  +  HO.SO3  corresponding  exactly  to 
K.F.  +  H.F. 

It  is  only  the  salts  which  do  not  contain  water,  that 
can  be  looked  upon  as  having  a  true  excess  of  acid.  Of 
these,  the  chromates  of  potash  afford  the  best  examples,  in 
which  an  atom  of  potash  is  combined  with  one,>wo,  or  three 
equiyalents  of  acid,  forming  KO  +  CrOa,  KO  +2Cr03,  and 
KO  +  SCrOa.  There  exists  a  similar  compound  of  sulphuric 
acid  and  potash,  which  is  easily  decomposed  by  water,  being 
changed  into  the  ordinary  bisulphate. 

Basic  salts  are  those  in  which  there  is  present  more  than 
one  eqwivalent  of  base  for  each  equivalent  of  acid,  thus  in 
turbeth  mineral  there  is  SHgO  +  SO3.  In  basic  nitrate  of 
copper,  SCuO+NOs-HO ;  in  basic  sulphate  of  copper,  4CuO 
+  SO3  +  4H0.  It  has  been  thought,  that  the  proportion  of 
base  in  basic  salts  bore  a  simple  relation  to  the  quantity  of 
oxygen  in  the  acid,  being  generally  equal  to  it.  This  idea 
was  founded  on  the  circumstance,  that  the  early  analyses 
of  many  basic  sulphates  gave  the  proportion  of  three  atoms 
of  base  to  one  of  acid ;  but  the  basic  sulphate  of  mercury  is 
the  only  eicample  I  have  found  really  to  exist  of  that  consti- 
tution, the  other  sulphates  containing  always  a  quantity  of 
metallic  oxide,  amounting  to  two,  or  four,  or  six  equi- 
valents. 

The  first  and  most  remarkable  insight  into  the  consti- 
tu^on  of  basic  salts  which  we  obtained,  was  the  principle 
laid  down  by  Graham,  that  all  salts  are  really  neutral  in 
constitution.  The  analogies  of  hydrogen  to  the  magnesian 
family  of  metals,  and  hence  of  water  to  the  oxides  of  that 
class,  suggested  the  idea,  that  the  excess  of  base  should  not 
be  considered  as  actually  combined  with  the  acid,  but  that 
it  replaced  the  water  of  crystallization  which  the  neutral 
salt  contains.  This  view  was  remarkably  supported  by  the 
evidence  of  the  basic  nitrates,  adduced  by  Graham,  and  has 
been  extended  to  the  chlorides  and  sulphates  by  my  own  in- 

2  Y 
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vestigaiions.  Thus,  nitrate  of  copper,  in  its  crystallized  and 
neutral  condition,  is  CuO.NOa  +  8H0,and  the  basic  nitrate 
is  formed  by  HO.NO5  +  3  CuO.  Comparing  these  two  with 
the  hydrated  nitric  acid,  sp.  gr.  1*42,  the  formulae 

Nitrate  of  water,  =  HO.NO5   +  3HO. 

Nitrate  of  copper,        =  CuO.NOj  +  3HO. 
Basic  nitrate  of  copper,  =  HO.NO5   +  3CuO. 

evidently  correspond,  the  only  difference  being,  that  in  place 
of  oxide  of  hydrogen,  there  is  oxide  of  copper  substituted, 
in  a  proportion  continually  increasing.  From  these  con- 
ditions it  follows,  that  with  the  same  acid  and  base,  there 
may  be  formed  a  great  variety  of  basic  salts ;  for  the  neutral 
salt  may  crystallize  with  many  different  proportions  of  water, 
and  from  each  there  may  be  one  or  more  basic  salts  derived, 
by  substitution  of  metallic  oxide.  Thus,  the  sulphate  of  zinc 
generally  contains  eight  atoms  of  base  to  one  of  acid,  and  in 
its  common  crystallized  form  these  consist  of  one  of  oxide  of 
zinc  and  seven  of  water ;  but  in  becoming  basic^  the  quantity 
of  oxide  of  zinc  gradually  increases,  and  a  series  of  basic 
salts  is  formed,  as 

SO3  + 1  ZnO  +  7H0,  SO,  +  eZnO  +  2HO, 

SO5  +  4ZnO+  4H0,  SO3  +  8ZnO. 

The  salts,  consisting  of  a  simple  body  of  the  cU<»itte  fa- 
mily, united  with  a  metal,  as  chloride  of  sodium^  iodide  of 
potassium,  &c.,  and  which,  from  the  analogy  of  common 
salt,  are  termed  haloid  salis,  (aXc  and  ciSoc),  combine  fre- 
quently with  the  oxide  of  the  metal  which  they  contain,  and 
form  basic  haloid  salts.  Thus,  we  have  CuCl  +  3CuO, 
basic  chloride  of  copper ;  HgCl  +  SHgO,  basic  chloride  of 
mercury;  Pbl  +  gPbO,  basic  iodide  of  lead.  Such  com- 
pounds are,  however,  generally  termed  oxychlorides^  oocy- 
iod$€leSf  &c. ;  they  are  subjected  to  precisely  the  same  laws 
of  derivation  and  constitution  as  the  basic  salts  of  the  same 
metals  with  ordinary  acids. 

From  what  has  been  said  above,  it  might  be  concluded 
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that  a  neutral  salt  Oonaiated  in  all  cases  of  one  equivalent  of 
base^  united  to  one  of  acid,  and  tbat  wherever  the  base  was 
present  in  larger  quantity,  the  salt  should  neeesaarily  be 
termed  boiic;  but  an  important  distinction  requires  to  be 
here  laid  down.  There  are  three  phosphates  of  silver,  which 
contain  respectively  one,  two,  and  three  atoms  of  oxide  of 
silver  united  to  one  atom  of  acid ;  but  we  do  not  consider 
the  first  as  being  neutral,  and  the  others  as  containing  an 
excess  of  base,  for  we  find  them  to  arise  from  the  state  of 
the  phosphoric  acid^  which,  according  as  it  bad  been  com- 
bined with  more  or  less  basic  water,  gives  origin  to  classes 
of  salts,  containing  one,  two,  or  three  equivalents  of  oxide. 
The  peculiar  relations  of  the  phosphoric  acid,  and  of  arsenic 
acid  also,  to  water,  and  the  effect  of  it  on  the  composition 
of  these  salts,  have  been  noticed  already  in  pp.  486  and 
621.  In  addition,  therefore,  to  ordinary  neutral  salts,  which 
are  monobade,  or  contain  an  equivalent  of  base  and  one  of 
acid ;  there  are  bibasic  and  tribasic  salts,  containing  respecf 
tively  two  and  three  equivalents  of  base  to  one  pf  acid,  and 
yet  being  neytral;  by  which  is  meant,  not  that  they  are 
without  action  on  test  paper,  since  ope  tribasic  salt  may 
redden  litmus,  whilst  another  may  brown  turmeric  paper ;  but 
they  are  derived  from  a  definite  combination  of  the  acid  with 
basic  water,  and  not  by  the  replacement  of  the  water  of 
crystallization  by  metallic  oxide,  as  in  the  case  of  real  basic 
9alts» 

A  simple  distinction  between  bibasic  and  iriba$ie  salts  on 
the  one  hand,  and  ordinary  basic  salts  on  the  other,  is,  that 
m  the  former  the  different  atoms  of  base  may  be  of  dif- 
ferent kinds,  whilst,  in  the  latter,  the  metallic  oxide  re- 
placing the  water  is  all  of  the  same  sort.  Thus,  there  is 
basic  sulphate  of  zinc  and  basic  sulphate  of  copper,  but 
th^e  could  not  be  a  basic  sulphate  partly  of  zinc  and  partly 
of  copper;  the  sulphuric  acid  being  monobasic.  But  there 
is  a  tribasic  phosphate  of  soda,  ammonia,  and  water,  another 
of  magnesia^  ammonia,  and  water,  others  of  potash  and  water. 
The  presence  of  two  or  more  bases  of  different  kinds,  thus 

2y2 


G80  OF  DOUBLE  SALTS. 

distinguishing  completely  the  salts  of  the  bibasic  and  tribasic 
acids  from  the  ordinary  basic  salts. 

These  principles^  which  are  now  of  the  highest  impor- 
tance in  philosophical  chemistry,  were  first  applied  by 
Graham  to  the  salts  of  the  phosphoric  and  arsenic  acids,  but 
they  have  been  found  to  throw  h'ght  upon  some  of  the  most 
difficult  questions  in  the  history  of  the  organic  acids,  of 
which  a  great  number  have  been  shown  by  Liebig  to  be  si- 
milarly circumstanced* 

Double  salts  are  formed  by  the  union  of  two  simple  salts. 
In  general  both  salts  contain  the  same  acid,  but  different 
bases,  and  the  two  bases  belong  to  different  natural  groups ; 
as  when  sulphate  of  potash  combines  with  the  sulphates  of  the 
protoxides  of  the  metals  of  the  second  isomorphous  group, 
replacing  therein  the  atom  of  constitutional  water  which  they 
allx:ontain.  Thus,  ordinary  sulphate  of  zinc,  ZnO.SO3.HO  + 
6aq.  gives  with  KO.SO3  the  double  salt  (ZnO.S03  + 
KO.S03)+6aq;  and  sulphate  of  copper,  CuO.SO3.HO + 
4aq.  gives  (CuO-SOg  +  KO.SO3)  +  4aq.  The  sulphate  of 
potash  combines  also  with  the  sesquioxides  of  the  third  iso- 
morphous group,  such  as  alumina,  and  gives  origin  to  the 
various  kinds  of  alums.  Similar  classes  of  salts  are  formed 
by  the  union  of  the  other  alcaline  sulphates  with  the  sul- 
phates of  the  second  and  third  isomorphous  groups.  The 
salts  of  isomorphous  bases  with  the  same  acid  do  not  ap- 
pear capable  of  combining,  so  as  to  produce  double  salts ; 
but  in  crystallizing  are  mechanically  mixed  (p.  39).  This 
rule,  however,  is  not  without  exception,  as  the  con- 
stant composition  of  the  magnesian  limestone  CaO.COa-f- 
MgO.COs,  indicates  that  its  elements  are  chemically 
united. 

Salts  of  different  acids,  with  the  same  base,  may  combine 
to  form  double  salts,  as  the  oxalate  and  nitrate  of  lead ;  and 
there  are  examples,  though  few,  of  a  double  salt  containing 
two  acids  and  two  bases. 

The  relations  of  salts  to  water  have  been  fully  discussed, 
under  the  heads  of  solution  and  crystallization  (p.  23,  et 
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seq.),  and  of  the  chemical  properties  of  water  {pAlS),  to 
which  it  is  sufficient  to  refer. 

The  haloid  salts  combine  together  to  form  double  salts, 
as  the  double  chloride  of  gold  and  sodium^  the  double  chlo- 
ride of  copper  and  potassium,  and  conform  therein  to  the 
same  general  principles  that  have  been  just  described  for  the 
oxygen  salts. 

It  has  been  always  mentioned,  that  when  muriatic  acid 
acts  on  a  metallic  oxide,  water  is  formed,  and  a  chloride  of  the 
metal  produced.  The  question  of  whether  this  always  occurs 
is  not  without  interest,  and  has  been  often  agitated.  There  is 
no  doubt  but  that  it  is  the  general  rule ;  but  I  am  inclined  to 
think  it  may  not  be  without  exception.  The  difference  of  pro- 
perties of  the  chlorides  of  magnesium  and  of  aluminum  in  the 
anhydrous  state,  and  when  crystallized  with  water,  is  so  great, 
as  to  give  reason  to  suppose  that  these  chlorides  decompose 
water,  and  that  the  crystallized  hydrated  salts  are  not  AI3 
CI3  +  3.  HO,  and  Mg  CI  +  HO,  but  AI2  O3  +  3.H  CI,  and 
Mg  O  +  H  CL  Hence,  it  is  probable  that  magnesia  and  alu- 
mina combine  with  hydracids  without  decomposition. 

The  sulphur  salts  consist  of  a  sulphur  acid,  which  is  ge- 
nerally a  sulphuret  of  an  electro-negative  metal  or  of  carbon, 
combined  with  a  sulphur  base,  which  is  a  sulphuret  of  an 
electro-positive  metal.  In  their  constitution  they  resemble 
the  analogous  oxygen  salts.  Many  of  their  characters  have 
been  described  already  (pp.  461,  634). 

The  positive  metallic  sulphurets  combine  frequentiy  with 
the  haloid,  or  oxygen  salts  of  the  same  metal,  to  form  basic 
salts ;  this  is  the  case  particularly  with  mercury.  Thus  there 
is  HgO.  SO3  +  2  Hg  S,  similar  to  HgO.SOa  +  2  HgO,  or- 
dinary  turbeth  mineral. 

It  had  been  long  remarked  as  curious,  that  bodies  so 
totally  different  in  composition  as  the  compound  of  chlorine 
with  a  metal  on  the  one  hand,  and  of  an  oxygen  acid  with 
the  oxide  of  the  metal  on  the  other,  should  be  so  similar  in 
properties,  that  both  must  be  classed  together  as  salts,  and 
should  give  origin  to  series  of  basic  and  acid  compounds  for 
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the  most  part  completely  parallel.  This  difficulty  has  been 
80  much  felt  by  the  most  enlightened  chemists,  that  doubu 
have  been  raised  as  to  whether  the  acid  and  base,  which  are 
placed  in  contact  to  form  by  their  union  an  oxygen  salt,  really 
exist  in  it  when  formed ;  and  it  has  been  suggestedi  that  at 
the  moment  of  union  a  new  arrangement  of  elements  takes 
place,  by  which  the  structure  of  the  resulting  salt  is  assimi* 
lated  to  that  of  a  compound  of  chlorine  or  of  iodine  with  a 
metal.  This  view,  at  first  sight  so  far  fetched,  which  consi- 
ders that  in  glauber's  salt  there  is  neither  sulphuric  acid,  nor 
soda,  but  sulphur,  oxygen,  and  sodium,  in  some  other  and 
simpler  mode  of  combination,  is  now  very  extensively  received 
by  chemists ;  and  I  shall  proceed,  therefore,  to  describe  with 
some  detail  the  form  which  it  has  assumed,  and  the  evidence 
by  which  it  is  supported. 

The  greater  number  of  those  bodies  which  are  termed 
oxygen  acids,  have  not  been  in  reality  insulated,  and  what 
are  popularly  so  called  are  merely  supposed  to  contain  the 
dry  acid  combined  with  water.  Thus  the  nearest  approach 
we  can  make  to  nitric  acid,  is  the  liquid  NOeH  ;  to  acetic 
acid,  the  crystalline  body  C4H4O4 ;  and  to  oxalic  acid,  the 
sublimed  crystals  CSO4H;  we  look  upon  these  bodies  as  be- 
ing combinations  of  the  dry  acid  with  water,  and  we  write 
their  formulas  NO5  +  HO,  and  C4H3O3  +  HO  and  QOa  + 
HO,  but  that  diese  dry  acids  exist  at  all  is  a  mere  assump* 
tion.  Hence  with  regard  to  these  instances,  and  they  em*^ 
brace  the  majority  of  all  known  acids,  the  idea  that  the 
acid  and  basis  teally  exist  in  the  salt  formed  by  the  action  of 
hydrated  acids  on  a  base,  is  purely  theoretical. 

When  we  compare  the  (Constitution  of  a  neutlral  salt  with 
that  of  the  hydrated  acid  by  which  it  is  formed,  we  find  the 
positive  result  to  be  the  substitution  of  a  metal  for  the  hy- 
drogen of  the  latter,  thus,  SO3  •4-  HO  gives  withzinC|S03  + 
ZnO ;  and  where  a  metal  is  acted  on  by  an  hydrated  add  the 
hydrogen  is  thus  evolved  eidier  directly  as  gas,  or  it  reacts 
on  the  elements  of  the  acid  and  gives  rise  to  secondary  pro- 
ducts which  are  evolved,  such  as  sulphurous  acid,  nitric 
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oxide,  &c.  In  all  cases  we  may  consider  the  action  of  a 
metal  on  a  hydrated  acid  to  be  primarily,  the  elimination  of 
hydrogen  and  the  formation  of  a  neutral  salt.  But  in  this 
respect  the  action  becomes  completely  analogous  to  that  of 
the  metal  on  a  hydracid,  except  that  in  the  latter  ease  a 
haloid  salt  is  formed,  and  hence  we  assimilate  the  two  classes 
in  constitution  by  a  very  simple  arrangement  of  their  for- 
mulsB. 

There  are,  however,  a  number  of  acids  which  may  be 
obtained  in  a  dry  and  isolated  form,  as  the  sulphuric,  the 
siltcicy  the  telluric,  the  stannic,  the  arsenic,  the  phosphoric, 
&c.,  and  when  they  combine  with  bases,  it  is  most  natural 
to  consider  the  union  as  being  direct,  and  that  the  salt  con- 
tains acid  and  base  really  as  such.  This  is  accordingly  the 
strongest  point  of  the  ordinary  theory.  But  other  and  im- 
portant  circumstances  intervene.  These  acids,  although 
they  may  be  obtained  free  from  water,  yet  in  that  state  they 
combine  with  bases  but  very  feebly,  and  require  a  high  tem- 
perature in  order  to  bring  their  aflSnities  into  play.  On  the 
other  hand,  in  all  cases  where  these  bodies  manifest  their 
acid  characters  in  the  highest  degree,  they  are  combined 
with  water,  as  in  oil  of  vitriol,  and  phosphoric  acid,  and 
when  expelled  from  combination  with  a  base,  they  imme- 
diately enter  into  combmation  with  water  in  an  equivalent 
proportion.  Thus  where  phosphate  of  lime  is  decomposed 
by  oil  of  vitriol,  it  is  not  phosphoric  acid  (P05)i  which  is 
found  in  the  liquor,  but  its  terhydrate  (POs  +  3H0),  as  is 
shown  by  its  forming  with  oxide  of  silver  the  yellow  phos- 
phate PO5  +  3AgO.  In  the  case  of  telluric  acid,  its  hydrate 
(TeOs  +  dHO)  is  very  soluble  in  water,  it  crystallizes  in 
large  prisms;  by  21 S®,  two  atoms  of  water  are  given  off,  but 
its  nature  is  not  changed,  the  body  which  remains  (TeOs  -(- 
HO)  is  still  acid  and  soluble  in  water,  perfectly  neutralizing 
the  alcalies ;  but  by  a  red  heat  this  last  atom  of  water  is 
driven  off,  and  then  the  whole  nature  of  the  body  changes, 
it  is  insoluble  in  water,  and  even  in  the  strongest  alcaline 
Motions,  and  can  only  be  brought  back  to  its  former  state 
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by  being  fused  with  potash  at  a  red  heat.  Here  it  is  evi- 
dent that  the  acid  properties  and  the  water  go  together;  and 
we  may  conclude,  that  in  order  to  manifest  strong  acid  pro- 
pertiesy  the  acid  must  be  in  its  hydrated  form.  But  in  that 
hydrated  form  if  the  water  acted  as  a  base,  simply,  the  ten- 
dency of  the  acid  to  combine  with  other  bases  should  be 
inferior  to  that  of  the  dry  acid ;  for  if  we  place  oil  of  vitriol 
and  bary  tes  together,  the  water  must  be  first  expelled,  before 
the  barytes  and  sulphuric  acid  can  unite,  and  hence,  an  im- 
pediment would  exist  to  their  union  which  should  not  occur 
with  cold  barytes  and  dry  sulphuric  acid  in  vapour,  and  yet 
cold  barytes  and  oil  of  vitriol  will  combine  with  such  inten- 
sity as  to  produce  ignition,  whilst  the  barytes  must  be  heated 
before  it  begins  to  combine  with  the  dry  sulphuric  add> 
The  water,  therefore,  is  essential  to  the  manifestation  of 
strong  acid  properties,  and  it  does  not  exist  in  combination 
with  the  acid  merely  as  a  base.  What  then  is  the  constitu- 
tion of  a  hydrated  oxygen  acid  ? 

When  muriatic  acid(H.Cl.)acts  on  zinc,  the  metal  is  taken 
up,  forming  ZnCl,  and  hydrogen  is  expelled,  and  if,  in  place 
of  zinc,  oxide  of  zinc  be  taken,  the  effect  is  the  same,  ex- 
cept that  the  hydrogen  combining  with  the  oxygen  of  the 
oxide  forms  water ;  HCl  and  ZnO,  giving  ZnCl  and  HO. 
Now  we  have  in  oil  of  vitriol  the  elements  SO4H,  combined 
together;  when  put  in  contact  with  zinc,  H  is  expelled,  and 
S04Zn  is  formed,  and  with  ZnO.  and  SO4H,  there  are  pro. 
duced  S04Zn,  and  HO  is  set  free.  In  both  cases,  of  which 
the  former  may  be  taken  as  the  type  of  all  the  haloid  salts 
and  the  latter  of  all  salts  formed  by  oxygen  acids,  there  is 
H  as  the  elemeiut  which  is  removable  by  a  metal,  precisely  as 
one  metal  is  replaceable  by  another,  as  indeed  from  the  real 
metallic  character  of  hydrogen  may  be  considered  to  occur 
in  this  case.  Every  acid  may,  therefore,  be  considered  to 
consist  of  hydrogen  combined  with  an  electro-negative 
element;  which  may  be  simply  as  chlorine,  iodine,  fluorine; 
or  may  be  compound,  as  cyanogen,  NC29  and  yet  capable  of 
being  isolated ;  or  as  occurs  in  the  great  majority  of  cases, 
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its  elements  may  be  such  as  can  only  remain  together  when 
in  combination.  Thus  oil  of  vitriol  does  not  contain  SO3 
and  HO,  but  consists  of  hydrogen  united  to  a  compound 
radical  SO4.  Liquid  nitric  acid  does  not  contain  NO5  and 
HO,  but  consists  of  hydrogen  united  to  a  compound  radical 
NOe,  and  the  acetic  acid  is  written  C4H3O4  4-  H,  the  oxalic 
acid  Ca04  +  H,  and  so  on. 

The  elegance  and  simplicity  with  which  the  laws  of  saline 
combination  may  be  deduced  from  these  principles  is  really 
remarkable.  Thus,  it  has  been  remarked  as  a  fact  substan- 
tiated by  experiment^  that  in  neutral  salts  the  number  of 
equivalents  of  acid  were  proportional  to  the  number  of  equi- 
valents of  oxygen  in  the  base,  but  the  ordinary  theory  gave 
no  indication  of  why  this  should  occur.  It  follows  necessarily 
from  the  principles  of  the  newer  theory.  Thus,  if  a  protoxide 
be  acted  on  by  an  acid,  M  denoting  the  metal  of  the  oxide, 
and  R  the  radical  of  the  acid,  the  resulting  action  is 

M  +  O  and  H  +  R*  produce  H  +  O  and  M  +  R, 

and  in  the  neutral  salt,  there  is  an  equivalent  of  each.  Now 
in  the  case  of  a  sesquioxide,  in  order  that  water  shall  be 
formed,  and  so  neither  acid  nor  base  in  excess,  the  reaction 
b  that 

Mj  +  O3  and  3  (H  +  R),  produce  3  (H  +  O)  and  Ma  +  R3, 

a  sesqui-compound  being  formed  perfectly  analogous  to  a 
sesqui-oxide,  and  the  number  of  atoms  of  acid,  3  (H  +  R)} 
is  equal  to  the  number  of  atoms  of  oxygen  in  the  base 
(M3O3)  because  that  number  of  atoms  of  hydrogen  are  re- 
quired for  the  decomposition  of  the  base.  In  like  manner 
for  a  deutoxide,  there  is 

M  -f.  O,  and  2  (H  4-  R)  5  producing  2  (HO)  and  M  +  Ra- 

The  power  of  salts  to  replace  water  in  the  magnesian  sul- 
phates, so  as  to  form  double  salts,  becomes  much  more 
intelligible  when  we  compare  H  -f-  O  with  K  +  SO4,  than  where 
H.O  was  contrasted  with  the  complex  formula  KO  +  SO3. 
The  circumstance  that  on  the  new  theory  (or  as  it  is  now 
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often  calledi  the  Binary  ilieory  of  9aUs)j  it  is  necessary  to 
admit  the  existence  of  a  great  number  of  bodies  (these  salt- 
radicals)  which  have  never  been  isolated,  and  in  favour  of 
whose  existence  there  is  no  other  proof  than  their  utility  in 
supporting  this  view,  becomes  more  powerful  as  an  objec- 
tion, when  we  proceed  to  apply  its  principles  to  the  salts  of 
phosphoric  acid.  For  it  has  been  already  described,  that 
this  acid  forms  three  distinct  classes  of  salts,  all  neutral,  and 
which  have  their  origin  in  the  three  hydrated  states  of  the 
phosphoric  acid.  These  states  are  written  on  the  two  views 
as  follows : 

Old  Theory.  New  Theory. 

Monobasic  acid,    PO5+HO    .     .     .    POg  +  H 
Bibasicacid,  PO5  +  2HO  .     .     .     PC  +  Ha 

Tribasic  acid,         PO5+  3HO  .    .    .    POg  +  H3 

Now,  it  appears  very  useless,  where  the  older  view  ac- 
counts so  simply  for  the  properties  and  constitution  of  these 
salts,  to  adopt  so  violent  an  idea,  as  that  there  are  three  dis- 
tinct compounds  of  phosphorus  and  oxygen,  which  no  che- 
mist has  ever  been  able  to  detect.  But,  here  again,  other  cir- 
cumstances must  be  studied ;  6rst,  the  difference  of  properties 
of  phosphoric  acid,  in  its  three  states,  is  totally  inexplicable, 
on  the  idea  of  their  being  merely  three  degrees  of  hydration. 
Nitric  acid  forms  three  hydrates^  but  when  neutralised  by 
potash,  it  always  gives  the  same  saltpetre ;  sulphuric  acid 
forms  two  perfectly  definite  hydrates,  but  with  soda  forms 
always  the  same  glauber's  salt ;  whilst  phosphoric  acid,  when 
neutralized  by  soda,  gives  a  different  kind  of  salt  according 
to  the  state  it  may  be  in.  Also,  the  permanence  of  these 
conditions  of  phosphoric  acid  is  a  powerful  proof  that  they 
do  not  consist  in  the  adhesion  of  mere  water.  The  idea  that 
the  phosphoric  acid  is  a  different  hydradd  in  each  of  its 
three  conditions,  on  the  other  hand,  not  merely  explains  the 
fact  of  these  di&rences  of  properties,  but  it  renders  the  for- 
mation of  bibasic  and  tribasic  salts,  which  is  such  an  ano- 
maly on  the  old  theory,  a  necessary  consequence  of  the  new, 
for  the  phosphoric  salt  radicals,  POcyPO?  and  PO^,  differ  not 
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merely  in  the  quantity  of  oxygen  they  containi  but  are  com- 
bined with  different  quantities  of  hydrogen,  and  hence  in 
acting  on  metallic  oxides,  (bases),  there  is  a  different  number 
of  atoms  required  for  each  to  replace  the  hydrogen  and  form 
water.    Thus 

POe-H  and  NaO  give  HO  and  F06.Na.  monobasic  phos- 
phate of  soda, 

POt.H3  and  SNaO  give  2H0  and  POT-Naa*  bibasic  phos*. 
phate, 

PO8.H3  and  SNaO  give  3HO  and  POg-Naj.  tribasic  phos- 
phate, 

A  circumstance  which  gives  additional  reason  to  infer,  that 
the  water  is  not  merely  as  base  in  the  phosphoric  acid,  is  the 
following ;  if  it  were  so,  then  it  should  be  most  completely 
expelled  by  the  strongest  bases,  and  the  bibasic  and  tribasic 
phosphates  of  the  alcalies,  should  be  those  least  likely  to  re- 
tain any  portion  of  the  basic  water ;  but  the  reverse  is  the 
fact ;  whilst  oxide  of  silver,  a  very  weak  base,  is  that  which 
most  easily  and  totally  replaces  the  water.  On  the  idea, 
however,  of  hydracids,  this  is  easily  understood,  for  the  oxide 
of  silver  is  one  most  easily  reduced  by  hydrogen,  and  conse- 
quently one  on  which  the  action  of  a  hydrogen  acid,  as 
POg  +  H3,  or  PO7  +  H2,  would  be  most  completely  ex- 
ercised. 

A  remarkable  verification  of  this  theory  has  been  recently 
found  in  the  decomposition  of  solutions  of  the  oxysalts  in 
water,  by  voltaic  electricity.  It  has  been  already  explained, 
(pp.  314  ei  seq.\  that  it  requires  the  same  quantity  of  elec- 
tricity to  decompose  an  equivalent  of  any  binary  compound, 
such  as  iodide  of  lead,  chloride  of  silver,  muriatic  acid  or 
water.  Now,  if  we  dissolve  sulphate  of  soda  in  water,  and 
pass  a  current  of  voltaic  electricity  through  that  solution,  we 
have  water  decomposed,  and  ako  the  glauber's  salt ;  oxygen, 
and  sulphuric  acid  being  evolved  at  one  pole,  and  soda  and 
hydrogen  at  the  other.  Here,  on  the  old  view,  the  elec- 
tricity performs  two  decomposing  actions  at  the  same  time. 
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and,  as  it  thus  divides  itself,  its  action  on  each  must  be  les- 
sened, and  the  quantity  of  each  decomposed  be  diminished, 
so  that  the  sum  should  represent  the  proper  energy  of  the 
current.  On  measuring  these  quantities,  however,  the  result 
is  totally  different,  the  quantity  of  sulphate  of  soda  decom- 
posed is  found  to  be  equal  to  the  full  duty  of  the  current, 
and  an  equivalent  of  water  appears  to  be  decomposed  in  ad- 
dition. It  is  quite  unphilosophic  to  imagine,  that  the  strength 
of  a  current  should  be  thus  suddenly  doubled,  and  a  simple 
and  sufficient  explanation  of  it  b  found  in  the  new  theory  of 
salts.  The  sulphate  of  soda  in  solution  having  the  formula 
Na.S04  is  resolved  by  the  current  into  its  elements,  Na  and 
SO4,  as  chloride  of  sodium  would  also  be ;  the  sodium,  on 
emerging  at  the  negative  electrode,  from  the  influence  of  the 
current,  instantly  decomposes  water,  and  soda,  and  hydrogen, 
of  each  an  equivalent,  are  evolved ;  at  the  positive  electrode, 
the  compound  radical  SO4  also  decomposes  water,  and  pro- 
duces H.SO4  and  O.  The  appearance  of  the  oxygen  and 
hydrogen  is  thus  but  secondary,  and  the  body  really  decom- 
posed by  the  current  is  only  Na.S04« 

In  the  case  of  the  salts  of  such  metals  as  do  not  decompose 
water,  the  phenomena  are  much  more  simple.  Thus,  a  so- 
lution of  sulphate  of  copper,  when  decomposed  by  the  bat- 
tery, yields  metallic  copper  at  the  negative  and  sulphuric 
acid  and  oxygen  at  the  positive  electrode,  and  the  quantity 
of  copper  separated  represents  exactly  the  energy  of  the  cur- 
rent which  has  passed,  for  the  salt  being  CU.SO4  is  simply 
resolved  into  its  elements,  but  SO4  reacting  on  the  water, 
produces  H.SO4,  and  O  at  the  positive  electrode.  On  the 
old  view  it  was  supposed,  that  water  and  sulphate  of  copper 
were  both  decomposed,  oxygen  and  acid  beingevolved  at  one 
aide,  and  oxide  of  copper  and  hydrogen  being  separated  at 
the  other ;  which  reacting,  produced  water  and  the  metal. 
Such  an  explanation,  however,  is  directly  opposed  to  the  law 
of  the  definite  action  of  electricity,  and  cannot  be  received. 

In  the  case  of  solutions  of  chlorides  or  iodides,  where 
there  can  be  no  doubt  of  the  relations  of  the  elements,  the 
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results  of  voltaic  decomposition  are  precisely  similar.  Chlo- 
ride of  copper  gives  simply  chlorine  and  copper,  no  water 
being  decomposed.  Chloride  of  sodium  or  iodide  of  potas- 
sium give  chlorine  or  iodine  at  the  one  electrode,  and  alcali 
and  hydrogen  at  the  other;  the  evolution  of  these  last  being 
caused  by  the  action  of  the  metallic  basis  on  the  water  of  the 
solution. 

Professor  Daniell,  to  whom  these  important  electro-che- 
mical researches  are  due,  considers  the  truth  of  the  binary 
theory  of  salts  to  be  fully  established  by  them. 

If  this  theory  be  adopted,  a  profound  change  in  our 
nomenclature  of  salts  will  become  necessary.  Graham  has 
proposed,  that  the  name  of  the  salt-radical  should  be  formed 
by  prefixing  to  the  word  oxygen^  the  first  word  of  the  ordi- 
nary name  of  the  class  of  salts,  and  that  the  salts  be  termed 
by  changing  oxygen  into  oxides.  Thus,  SO4.  sulphatoxy^ 
gen  giYcs  sulphatoxides;  the  sulphates.  NOe  nitratoxygen, 
gives  nitratoxides,  the  nitrates,  and  so  on ;  but  I  consider 
that  the  form  of  nomenclature  proposed  by  Daniell  deserves 
the  preference.  It  has  been  described,  (p.  314),  that  Fara- 
day proposed  to  term  the  elements  which  pass  to  the  elec- 
trodes of  the  battery,  ions;  acting  on  this,  Daniell  proposes 
to  term  the  electro-negative  element  of  the  sulphates,  oxysuU 
phion,  that  of  the  nitrates,  oxynitrion^  and  so  on,  and  the  salts 
may  be  termed  oxysulphion  of  copper,  oxynitrion  of  sodium, 
&c.  It  would  be  desirable,  however,  for  a  long  time,  to  in- 
troduce these  names  only  where  theoretical  considerations 
rendered  their  employment  decidedly  useful,  and  hence,  in 
all  future  description  of  the  salts,  I  shall  make  use  of  the 
language  of  our  ordinary  views,  and  treat  of  their  prepara- 
tion and  composition  without  any  reference  to  the  discussion 
in  which  we  have  been  engaged. 

The  general  adoption  of  the  binary  theory  of  salts 
has  deprived  of  much  of  its  interest  and  importance  a 
question,  which  some  years  since  was  very  ingeniously  dis- 
cussed, viz.,  whether,  in  the  formation  of  double  salts,  the 
salts  which  unite  had  the  same  relation  to  each  other  that 
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acid  and  base  were  then  thought  to  have.  Thus  it  was  sup* 
posed  that  the  electro-negative  qualities  of  sulphuric  acid 
being  less  controlled  by  oxide  of  copper  than  by  potash^ 
the  alcaline  sulphate  acted  as  a  base  to  the  sulphate  of  cop- 
per, when  these  two  salts  combined  to  form  the  doable  sul- 
phate of  potash  and  copper,  and  so  on  in  other  instances ;  but 
in  addition  to  the  circumstance,  that  all  we  have  said  as  to 
the  constitution  of  the  salts  militates  against  this  view,  we 
have  the  positive  evidence,  that  first,  these  double  salts  are 
formed  not  by  combination  merely,  but  by  replacement  of 
the  constitutional  water  of  the  sulphates  of  the  copper  or 
magnesian  class,  which  water  no  body  would  contend  to  act 
in  them  as  a  base  ;  and  second,  that  when  a  solution  of 
such  a  double  salt  is  decomposed  by  the  battery,  the  two 
salts  are  not  separated  as  if  they  were  acid  and  base,  but  are 
decomposed  independently  in  the  proportions  of  an  equiva- 
lent of  each,  making  together  the  sum  of  the  chemical  energy 
of  the  current. 

A  similar  idea  was  advocated  by  Bonsdorff  regarding  the 
double  chlorides,  iodides,  &c«  He  proposed  to  consider  the 
chlorides  of  gold,  platina,  mercury,  &c»,  as  cUorine  acids, 
and  those  of  potassium,  &c.,  as  chlorine  bases,  and  so  with 
the  iodides.  This  view,  however,  although  at  first  very 
extensively  adopted,  has  given  way  to  the  gradual  growth  of 
knowledge.  There  is  no  analogy  between  a  dry  oxygen  add 
and  a  chloride ;  but  the  chlorides  are  in  perfect  analogy  with 
the  neutral  salts.  Thus  CuCl  does  not  resemble  SO3,  but 
CU.SO4  and  CuCl  +  KCI  is  analogous  not  to  SO3.KO,  but 
to  the  double  salt  CU.SO4  +  K.SO4.  Bonsdorflfs  idea  was 
exactly  counter  to  the  direction  of  truth ;  he  sought  to  bring 
all  salts  under  the  one  head,  by  extending  to  all  the  consti- 
tution of  oxygen  acids  and  oxygen  bases,  whilst  the  prc^p^ss 
of  science  has  led  us  to  the  opposite  generalisation  of  re- 
ducing all  salts  to  the  simple  haloid  type. 


CHAPTER  XV. 

SPECIAL  HISTORY  OF  THE  MOST  IMPORTANT  SALTS   OF 
THE  INORGANIC  ACIDS  AND  BASES. 

The  multitude  of  salts  known  to  chemists  is  so  very  great, 
that  it  is  only  possible  to  detail  the  history  of  the  most  im- 
portant of  each  class.  They  are  arranged  according  to  their 
bases,  except  in  some  few  cases  where  a  metal  is  also  the 
radical  of  their  acid  element.  In  that  case,  the  salts  of  the 
acids  of  the  metal  are  described  after  those  formed  by  its 
oxides  with  other  acids.  This  plan  has  been  adopted  in 
order  to  give  as  much  unity  as  possible  to  the  history  of 
each  metal,  and  influences  only  the  compounds  of  chrome 
and  arsenic  to  any  degree. 

Of  the  Salts  of  Potash. 

Chloride  of  Potassium.— KC\.  Eq.  932-6,  or  7-47.  This 
salt  may  be  artificially  produced,  by  neutralizing  potash  with 
hydrochloric  acid  •  It  exists  abundantly  in  the  water  of  many 
brine  springs,  and  in  the  ashes  of  plants.  It  is  very  soluble 
in  water,  producing  so  much  cold,  as  to  be  employed  as  a 
freezing  mixture ;  it  crystallizes  in  cubes,  which  are  anhy- 
drous ;  its  principal  use  is  in  the  manufacture  of  alum. 

Iodide  qf  Potassium.— Kl.  Eq.  20694  or  166-8 ;  a  variety 
of  processes  may  be  employed  to  prepare  this  salt.  One  of 
the  simplest,  consists  in  dissolving  iodine  in  solution  of 
potafeh  until  this  is  completely  neutralized.  The  potash 
being  decomposed,  there  is  formed  from  6.1  and  .6.KO, 
5KI  and  KO.IOs.  The  solution  is  evaporated  to  dryness, 
and  the  mass  being  heated  to  redness,  is  kept  fused  as'long 
as  bubbles  of  oxygen  gas  are  given  off:  the  residual  salt, 
which  is  pure  iodide  of  potassium,  is,  when  cold,  to  be  dis- 
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solved  in  its  weight  of  boiling  water,  and  allowed  to  crystal- 
lize very  slowly.  A  certain  loss  may  occur  in  this  process, 
if  the  heat  applied  be  too  high,  and  if  the  temperature  be 
not  high  enough,  iodate  of  potash  may  remain  undecom- 
posed ;  this  last  effect  being  advantageous  .to  the  manufac- 
turer by  increasing  the  quantity  of  product,  is  more  liable 
to  occur,  and  may  be  detected  by  means  of  tartaric  acid,  as 
very  ingeniously  proposed  by  Mr.  Maurice  Scanlan.  This 
acid  is  without  action  on  pure  iodide  of  potassium,  further  than 
to  liberate  hydriodic  acid,  which  remains  for  a  certain  time 
unaltered,  but  if  a  trace  of  iodate  of  potash  be  present,  the 
iodic  acid  which  is  set  free  immediately  reacts  on  the  hydri- 
odic acid,  water  being  formed  and  iodine  liberated,  which 
may  be  recognized  by  means  of  starch. 

Another  process,  adopted  by  the  London  and  Edinburgh 
Pharmacopoeias,  consists  in  putting  together  iodine,  metallic 
iron,  and  carbonate  of  potash ;  the  iron  and  iodine  unite  di- 
rectly to  form  a  soluble  iodide  of  iron,  which  is  decomposed 
as  rapidly  as  formed,  by  the  carbonate  of  potash.     Iodide  of 
potassium  is  produced,  with  oxide  of  iron  and  carbonic  acid; 
a  quantity  of  the  latter  combines  with  the  onde  of  iron,  but 
as  this  is  not  pure  protoxide,  most  of  the  carbonic  acid  is 
evolved  as  gas.     The  reaction  consists  in  Fe.I  and  KO.COs 
giving  rise  to  KJ  and  FeO.COs*     The  liquor  being  filtered 
and  evaporated  to  a  pellicle,  the  iodide  of  potassium  is  ob- 
tained crystallized.  This  salt  crystallizes  in  cubes;  sometimes 
in  square  prisms,  which  are  macles.     It  is  not  deliquescent 
when  pure,  and  is  without  action  on  turmeric  paper ;  by  this 
means  it  is  known  to  be  free  from  carbonate  of  potash.    It 
is  sometimes  adulterated  by  chloride  of  potassium,  which 
may  be  detected  by  decomposing  its  solution  by  nitrate  of 
silver,  washing  the  precipitate  with  water,  digesting  it  in 
strong  water  of  ammonia,  and  filtering ;  if  the  solution,  when 
rendered  slightly  acid  with  nitric  acid,  give  a  white  precipi- 
tate of  chloride  of  silver,  chloride  of  potassium  was  present, 
and  its  amount  may  be  thus  determined. 

The  iodide  of  potassium  is  extensively  used  in  medicine. 
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by  the  chemist  asa  reagent^  and  for  the  preparation  of  other 
metallic  iodides. 

A  solution  of  iodide  of  potassium  dissolves  iodine  in  large 
quantity,  forming  a  brown  liquor  used  in  medicine.  It  is  not 
certain,  however,  that  in  this  case  any  definite  compound 
(as  a  biniodide)  is  formed. 

Bromide  of  Potamum.—YJRr.  Eq.l468*3  or  1 17*6.  This 
salt  may  be  prepared  exactly  as  the  iodide  of  potassi- 
um, which  it  resembles  in  most  of  its  physical  characters. 
Tt  is  recognized  by  giving,  with  oil  of  vitriol,  orange  red 
fumes  of  bromine.  The  commercial  article  is  frequently 
adulterated  with  chloride  of  potassium,  the  presence  of 
which  may  be  detected  as  follows :  dissolve  100  grains  of 
the  salt  in  four  ounces  of  water,  and  decompose  it  by  an  ex- 
cess of  nitrate  of  silver;  collect  the  precipitate,  wash  it 
carefully,  and  dry  it  in  a  capsule  till  it  ceases  to  lose  weight; 
then  weigh  it.  If  it  were  perfectly  pure,  the  bromide  of 
silver  should  weigh  158*8  grains,  but  the  presence  of  chloride 
of  potassium  would  have  the  effect  (from  the  smaller  equiva- 
lent of  chlorine)  of  increasing  the  weight ;  therefore,  if  the 
precipitate,  when  quite  dry,  weighs  more  than  158*8  grains, 
the  sample  is  impure,  and  the  quantity  of  chloride  present 
may  be  calculated  from  the  overplus  weight,  for  100  grains 
of  pure  chloride  of  potassium  should  give  19S'6  grains  of  pre- 
cipitate. Thus,  if  there  were  10  per  cent,  of  impurity,  the 
precipitate  would  weigh  162  grains ;  if  iO  per  cent,  it  would 
weigh  165*4.  Thus,  the  precipitate  increases  in  weight  about 
3'3  for  each  10  per  cent,  of  chloride  of  potassium  present 

The  properties  of  the  Fluoride j  and  of  the  SUico-fluoride 
of  Potamum,  are  not  of  importance  beyond  what  has  been 
already  said  in  pp.  524,  530,  and  553. 

Sulphate  of  Potash.— KO.SO3.  Eq.l09M  or  87-43.  This 
salt  is  produced  upon  the  large  scale  in  the  manufacture 
of  the  sulphuric  and  nitric  acids,  where  nitrate  of  potash 
is  employed.  It  may  be  prepared  by  the  direct  union  of 
its  constituents,  and  being  but  sparingly  soluble,  it  precipi- 
tates as  a  fine  crystalline  powder,  when  oil  of  vitriol  is  mixed 
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with  a  Btrong  solution  of  potash.  It  is  more  soluble  in  boil- 
ing water,  and  crystallizes  on  cooling  in  right  rhombic  prisms, 
or  in  six-sided  prisms,  terminated  by  pyramids,  which  are 
maclesi  being  formed  by  the  union  of  three  simple  crystals, 
as  described  p.  56.  In  the  figures,  A  represents  the  manner 
A  yj-^~jC\  in  which  the  three  rhombic  prisms  adhere  to- 
gether, the  letters  marking  the  corresponding 
phmes  in  each  original,  and  B  the  form  which 
results  when  all  traces  of  the  junctions  hare  disappeared. 
This  salt  does  not  contain  water ;  its  crystals  decrepitate  vio- 
B  lently  when  heated,  but  are  not  decomposed. 

#100  parts  of  water  dissolve  8*S  of  the  salt  at 
32^,  and  25  parts  at  212^.  This  salt  combines 
with  dry  sulphuric  acid  to  form  a  bisulphate 
of  potash,  KO  +  2SO3,  which  may  be  pre- 
pared by  exposing  the  neutral  salt  to  the 
vapour  of  dry  sulphuric  acid,  or  by  dissolving  it  with  Ij^ 
equivalents  of  oil  of  vitriol  in  the  smallest  possible  quantity 
of  distilled  water.  This  bisulphate  of  potash  crystallizes  in 
small  prisms,  which  are  gradually  decomposed  by  water>  the 
followmg  salt  being  formed. 

Common  Bisulphate  of  Potash — Double  Sulphate  of  Water 
and  Potash.— KO.SO^  +  HO.SO3.Eq.  1704-7  or  136-6.  This 
salt  is  produced  when  nitrate  of  potash  is  decomposed  by 
two  atoms  of  oil  of  vitriol,  and  is  formed  when  neutral  sul- 
phate of  potash  is  gently  heated  with  ^  its  weight  of  oil  of 
vitriol  to  just  below  redness.  It  may  be  obtained  crystal- 
lised from  a  strong  solution  in  right  rhombic  prisms.  It  is 
decomposed  into  neutral  sulphate  and  oil  of  vitriol  by  a  large 
quantity  of  water.  When  heated  to  full  redness  it  fu^es, 
and  may  be  obtained  on  cooling  in  oblique  rhombic  crystals; 
it  is  thus  dimorphous,  (see  p.  368) ;  at  a  higher  temperature 
it  abandons  its  excess  of  acid,  and  neutral  sulphate  re- 
mains. 

There  exists  also  a  hydrated  sesquisulphate  of  potash^ 
2(KO.S03)  +  HO.SO3,  which  crystallizes  in  fine  needles. 
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Similar  compounds  of  sulphate  of  potash  with  hydrated  nitric 
and  phosphoric  acids  have  also  been  described. 

Nitrate  of  Potash— Saltpetre.  Nitre.— KO.HiOs.  Eq- 
1266-9  or  101  *5.  The  general  principles  of  the  formation  of 
nitric  acid  by  the  conjoined  action  of  decomposing  animal 
matter  and  of  earthy  bases  on  atmospheric  air,  have  been 
described  already.  By  lixiviating  the  materials  thus  obtained, 
whether  naturally  or  from  artificial  nitre  beds,  with  water,  a 
solution  is  obtained,  containing,  among  other  saline  matters,  a 
considerable  quantity  of  nitrate  of  lime;  this  is  then  decom- 
posed by  an  impure  carbonate  of  potash,  and  carbonate  of  lime 
being  precipitated,  a  solution  of  nitrate  of  potash  is  obtained, 
from  which  the  salt  is  procured  by  evaporation  and  crystalli- 
zation. Its  form  is  that  of  a  six-sided  prism  with  dihedral 
summits,  derived  from  the  right  rhombic  system.  It  is  anhy« 
drous,  100  parts  of  water  dissolve  13*3  parts  at  32^,  and  240 
parts  at  212^ ;  when  heated  to  redness  it  melts  and  evolves  ox- 
ygen, at  first  pure,  but  subsequently  mixed  with  nitrogen  gas. 

As  nitrate  of  potash  contains  oxygen  in  large  quantity, 
and  gives  it  out  readily  to  combustible  bodies,  it  is  much 
employed  for  the  preparation  of  fireworks,  and  especially  of 
gunpowder.  The  action  of  gunpowder  depends  upon  its  ge- 
nerating, when  decomposed,  a  large  quantity  of  gases,  which 
occupy  more  than  1000  times  its  volume.  If  this  took  place 
instantaneously,  all  bodies  ne$tr,  which  could  not  resist  this 
force,  would  be  burst  or  broken ;  as  takes  place  with  chloride 
of  azote,  which,  if  placed  in  a  gun,  would  burst  it,  but  have 
no  power  to  propel  a  ball ;  the  decomposition  of  gunpowder, 
however,  occupying  a  certain  time,  the  disengagement  of 
gas  is  progressive,  and  the  ball  is  forced  through  the  barrel 
with  the  velocity  due  to  the  ultimate  effect  of  the  whole 
quantity  of  gas  produced.  When  gunpowder  is  completely 
decomposed,  the  products  are  found  to  be  sulphuret  of  po- 
tassium, nitrogen,  and  carbonic  acid  gas,  and  from  these  the 
proportions  by  weight  of  its  constituents  may  be  calculated, 
for  S,  KO.NO5  and  3C,  produce  K.S,  N  and  3CO2.  TTie 
parts  by  weight  are,  therefore, 
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Theory.  French.         English.       Prussian. 


S  =    161  -  1 1;8 

3C=    18-3-  13*5 

KO.NOs  =  101-6  -  74-7 

12-6 
12-5 
75-0 

100 
15.0 
750 

11-5 
13-5 
75.0 

135-9     1000 

1000 

1000 

lOO-O 

The  proportions  employed  in  the  gOTemment  factories  of  the 
most  important  countries  are  given  also  above.  The  Prus- 
sian mixture  agrees  best  with  theory.  For  the  coarse  blast- 
ing powder,  there  are  employed  sixty-five  parts  of  saltpetre, 
twenty  of  sulphur,  and  fifteen  of  charcoal.  The  excess  of 
sulphur  renders  the  explosion  more  intense,  but  would  cor- 
rode firearms  too  much.  A  mixture  of  three  parts  of  salt- 
petre, four  of  carbonate  of  potash,  and  one  of  sulphur  is 
decomposed  instantaneously  when  fused,  and  with  an  explo- 
sion so  violent,  that  if  it  be  placed  on  a  thin  iron  plate,  this 
may  be  perforated.  If  three  parts  of  nitre  be  mixed  with 
one  of  finely  powdered  charcoal,  a  mass  is  obtained  which, 
when  touched  with  an  ignited  coal,  bums  nearly  as  fast  as  loose 
gunpowder,  but  totally  without  explosion.  It  is,  therefore, 
the  sulphur  which  determines  the  violence  and  rapidity  of  the 
deflagration  of  gunpowder,  whilst  the  charcoal  produces 
the  great  volume  of  gas  on  which  its  mechanical  effect 
depends.    ... 

The  preparation  of  the  materials  for  making  gunpowder 
requires  great  care.     Most  of  the  success  depends  on  the 
preparation  of  the  charcoal.     This  should  be  made  from  a 
light  wood  containing  little  ashes,  such  as  birch,  and  carbo- 
nized in  cylinders,  very  slowly,  and  at  the  lowest  possible  heat. 
When  reduced  to  impalpable  powder,  this  charcoal  is  so  in- 
flammable as  sometimes  to  take  fire  at  ordinary  temperatures. 
The  purification  of  the  saltpetre  is  performed  by  successive 
recrystallizations,  and  by  washing  the  crystals  with  water 
already  saturated  with  saltpetre,   which  dissolves  out  any 
common  salt  that  may  be  present,  but  does  not  act  on  the 
crystals  of   saltpetre.    The  description  of  the  mechanical 
operations  of  the  manufacture  would  be  out  of  place  here. 
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Hypochhriie  of  Potash, — Wlien  gaseous  chlorine  is 
passed  into  a  solution  of  carbonate  of  potash^  it  is  abun- 
dantly absorbed ;  but  no  carbonic  acid  is  disengaged  until  the 
liquor  contains  an  atom  of  chlorine  for  every  two  atoms  of 
alcaline  carbonate.  On  examination  it  is  then  found  to  con- 
tain, hypochlorite  of  potash^  chloride  of  potassium,  and  bi- 
carbonate of  potash,  which  are  mixed  in  solution,  and  may 
be  partially  separated  by  crystallization.  The  reaction  has 
been  such  that  2  CI  and  4  KO.CO2  gi^  KCl,  KO.CIO  and 
2  (KO  +  CO2  +  HO.CO2).  If  the  stream  of  chlorine  be  con- 
tinued car1>onic  acid  is  copiously  evolved,  and  as  much  more 
chlorine  is  absorbed,  giving  ultimately  a  mixture  of  KCl  and 
KO.CIO.  The  liquor  becomes  deep  yellow,  owing  to  the 
liberation  of  a  quantity  of  hypochlorous  acid  by  the  free  car- 
bonic acid,  and  hence  the  quantity  of  chlorine  absorbed 
amounts  to  much  more  than  the  exact  atomic  proportion. 

Further  detaOs  of  the  theory  of  these  bleaching  com- 
pounds are  given  under  the  head  of  chloride  of  lime. 

Chlorate  of  Potash.— KO.CIO^  Eq.  15326  or  122-81. 
When  chlorine  gas  is  passed  into  a  strong  solution  of  potash 
it  is  absorbed  rapidly  until  the  alkali  is  completely  neutral- 
ized, and  chloride  of  potassium  and  hypochlorite  of  pot- 
ash are  formed  ;  2KO  and  2C1  giving  KCl  and  KO.CIO. 
If,  then,  this  liquor  be  boiled  for  some  time,  oxygen  gas 
is  given  off,  the  hypochlorite  being  decomposed,  and  chlo- 
ride of  potassium  and  chlorate  of  potash  being  formed  ; 
9(KO.aO)  producing  12.0  with  8.KC1  and  KO.CIO5. 
If  carbonate  of  potash  had  been  employed,  the  absorp- 
tion of  the  chlorine  is  rapid  until  half  of  the  salt  had 
been  decomposed,  and  the  remainder  converted  into  bicar- 
bonate, from  combining  with  the  evolved  carbonic  acid, 
as  described  under  the  preceding  head  :  but  a  high  tem- 
perature and  a  great  excess  of  chlorine  being  necessary 
to  complete  the  reaction,  rendered  the  operations  tedious 
and  very  troublesome ;  and  as  owing  to  the  large  qiuantity 
of  oxygen  evolved,  there  was  but  one  equivalent  of  chlo- 
rate of  potash  obtained  by  the  action  of  eighteen  equiva- 
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lents  of  chlorine  on  eighteen  of  potash,  the  process  was  one 
of  considerable  expense. 

We  owe  to  Ghraham  a  tnethod  which  is  free  from  these 
disadvantages.  If  an  equivalent  of  carbonate  of  potash  be 
mixed  with  one  of  hydrate  of  lime,  (by  weight  about  2  of 
KO.COs  to  1  of  CaO.HO)  and  exposed  to  a  current  of  chlo- 
rine,  the  gas  is  absorbed  with  avidity,  and  the  solid  mass 
becomes  very  hot,  whilst  water  is  given  off  abundantly. 
When  saturated,  it  may  be  gently  heated  to  complete  the 
decomposition.  No  oxygen  is  given  off,  the  reaction  being 
that  eCKO.COa)  and  6(CaO.H0)  acted  on  by  6C1,  produce 
5.KC1,  e.CaO.COj  and  KO.CIO5,  whilst  6HO  are  evolved. 
By  digesting  the  mass  in  water,  the  potash  salts  are  dissolved 
out,  carbonate  of  lime  remaining,  and  the  chlorate  of  potash 
may  be  separated  from  the  chloride  of  potassium  by  crystal- 
lization. By  this  means  three  times  as  much  product  may 
be  obtained  from  the  same  materials,  as  by  the  older  process. 

This  salt  crystallizes  in  rhomboidal  tables  of  a  pearly 
lustre:  it  is  anhydrous :  100  parts  of  water  dissolve  but  3-5 
parts  at  32^,  and  60  parts  at  219^.  It  tastes  sharp  and  cool- 
ing, like  nitre ;  when  heated,  it  melts  and  evolves  oxygen 
gas,  being  decomposed  into  chloride  of  potassium  and  hyper- 
chlorate  of  potash ;  on  increasing  the  heat  this  also  is  decom- 
posed, and  chloride  of  potassium  remains  pure.  Its  uses 
in  preparing  oxygen,  and  the  compounds  of  chlorine  and 
oxygen,  have  been  already  noticed.  From  its  supplying 
oxygen  still  more  readily  than  nitre,  it  is  the  basis  of  a  va- 
riety of  deflagrating  mixtures.  When  rubbed  in  a  mortar 
with  sulphur,  or  with  sulphuret  of  antimony,  it  .explodes 
violently.  Placed  in  contact  with  a  minute  bit  of  phosphorus 
on  an  anvil,  and  struck  by  a  hammer,  it  gives  a  dangerous 
detonation.  The  ordinary  lucifer  matches  are  formed  by  mix-  * 
tures  of  chlorate  of  potash  with  sulphur  and  charcoal,  or  sul- 
phuret of  antimony,  orofcinnab^,  made  into  a  paste  with 
gum  arabic,  and  applied  to  the  extremity  of  a  bit  of  stick» 
previously  smeared  with  sulphur.  Students  should  be  very 
cautious  how  they  employ  this  salt  in  such  experiments  as 
those  now  noticed. 
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Perchlorate  of  potash,  KO.CIO7.  Eq.  1732-6  or  138-8,  is 
of  importance  only  from  being  one  of  the  least  soluble  salta 
of  potash,  and,  consequently,  that  the  perchloric  acid  may 
be  used  as  a  test  for  the  presence  of  potash  in  solution,  it 
giving  a  granular  crystalline  precipitate  if  that  alkali  be  pre- 
sent.   Its  preparation  is  sufficiently  noticed  in  page  499. 

The  silicate  of  potash  is  of  considerable  importance  as  a 
constituent  of  glass,  and  will  be  noticed  as  such  hereafter. 

lodate  of  potash,  KO.IOs*  This  salt,  which  is  but  spa* 
ringly  soluble  in  water,  may  be  obtained  by  neutralizing  the 
perchloride  of  iodine  with  caustic  potash ;  ICl^  and  6K0,  pro- 
duce 5KC1  and  KO.IO^.  This  last  separates  in  crystalline 
grains.  It  may  also  be  obtained  by  adding  iodide  of  po- 
tassium to  fused  chlorate  of  potash,  the  mass  froths  up,  the 
oxygen  passing  to  the  iodine,  and  there  is  obtained  a  mix«^ 
ture  of  chloride  of  potassium  and  iodate  of  potash,  which 
may  be  separated  by  crystallization.  This  salt  has  a  remark- 
able tendency  to  form  acid  and  double  salts,  of  which,  how- 
ever, none  are  specially  interesting. 

Salts  of  Sodium. 

Chloride  of  Sodium, — Common  Salt. — Sea  Sa/^.— NaCl.  Eq. 
733*6  or  58*8,  exists  in  great  abundance  in  nature;  solid,  as 
rock  salt,  and  in  solution  in  the  water  of  the  ocean,  and  of 
many  inland  seas  and  lakes.  The  deposits  of  rock  salt  occur 
only  among  the  more  recent  (secondary)  geological  for- 
mations^ lying  above  the  coal,  and  in  connexion  with  the 
new  red  sandstone,  as  in  Cheshire.  The  beds  of  salt  are 
sometimes  of  great  magnitude;  thus  at  North  wich,  the  bed 
now  worked  is  supposed  to  be  not  less  than  60  feet  thick,  a 
mile  and  a  half  long,  and  1300  yards  wide,  and  the  deposits 
at  Wieliczka,  in  Poland,  appear  to  be  still  larger.  The 
origin  of  these  deposits  of  sak  is  probably  to  be  found  in 
the  gradual  drying  up,  by  evaporation,  of  salt  lakes,  to  which 
fresh  quantities  of  salt  were  continually  supplied  by  the  sur- 
roonding  springs.  Owing  to  admixture  of  earthy  matters, 
the  rock  salt,  as  quarried,  is  generally  brownish-coloured, 
and  hence  requires  to  be  dissolved  in  water  and  crystallized 
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for  use.  The  expense  of  extracting  the  salt  may  be  in  many 
cases  lessened,  by  simply  boring  down  to  the  bed  with  a 
pipe  a  few  inches  in  diameter,  and  letting  thereby  water  run 
in  upon  the  salt;  a  strong  solution  of  salt  is  thus  produced, 
which  is  pumped  upand  evaporated.  The  expense  of  sink- 
ing a  shaft  and  quarrying  out  the  solid  salt  is  thus  avoided. 

In  warm  countries,  as  on  the  coasts  of  Portugal  and  of 
the  South  of  France,  salt  is  obtained  by  the  spontaneous 
evaporation  of  sea  water,  which  is  allowed,  on  the  rise  of  the 
tide,  to  flow  into  shallow  basins,  being  passed  from  one  to  ano* 
ther,  according  as  it  becomes  more  concentrated,  and,  finally, 
the  evaporation  being  finished  by  means  of  artificial  heat. 
The  sea  water  is  not  evaporated  to  dryness,  as  its  other 
saline  ingredients  would,  in  that  case,  be  mixed  with  the 
common  salt.    The  sea  water  is  generally  composed  of    . 

Chloride  of  sodium,  2*50 

Chloride  of  magnesium,  0*35 

Sulphate  of  magnesia,  0*58 
Carbonate  of  lime  and 
Carbonate  of  magnesia. 

Sulphate  of  lime,  001 

Water,  96*54 


I- 


02 


100.00. 


With  generally  some  traces  of  iodide  and  bromide  of  mag- 
nesium. According  as  the  evaporation  proceeds,  the  com- 
mon salt  is  deposited  in  crystals,  and  the  mother  liquor,  or 
bittern,  being  rich  in  salts  of  magnesia,  is  preserved  for  the 
manufacture  of  Epsom  salts. 

In  addition  to  these  sources,  chloride  of  sodium  may  be 
obtained  by  the  direct  combination  of  its  elements,  or  by 
decomposing  carbonate  of  soda  by  muriatic  acid.  In  prac- 
tice, however,  this  is  never  done. 

Chloride  of  sodium  crystallizes  in  cubes.  Its  taste  is 
purely  saline.  It  is  equally  soluble  in  water  at  all  tempe- 
ratures, 100  of  water  dissolving  36-5  ;  by  a  very  strong 
heat  it  may  be  volatilized.  Its  crystals  are  anhydrous,  but 
are  generally  fissured,  containing  water,  which,  when  heated, 
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bursts  the  crystal,  producing  loud  decrepitation.  A  strong 
solution  of  salt  does  not  freeze  at  0^,  but  deposits  crystals  in 
rhombic  plates,  which  are  a  hydrated  chloride  of  sodium.  If 
these  crystals  be  heated  beyond  15^  they  give  out  water,  and 
are  changed  into  minute  cubes. 

The  uses  of  chloride  of  sodium  are  very  numerous  and 
important.  Besides  being  employed  in  seasoning  food,  it  is 
now  universally  the  source  from  whence  the  other  compounds 
of  sodium,  such  as  the  carbonate  and  sulphate,  are  obtained. 
It  is  employed  also  in  the  manufacture  of  gl^ss  and  of  porce- 
lain and  as  a  manure. 

The  bromide  and  iodide  of  sodium  resemble,  in  properties 
and  mode  of  preparation,  the  corresponding  compounds  of 
potassium,  and  do  not  require  special  notice. 

Sulphate  of  Soda.— Glauber  s  Salt.— NaO.SO^  +  10  Aq. 
Eq.  893-1  +  1125  or  7148  +  90.  So  named  after  its  disco- 
verer, exists  in  some  mineral  waters,  and  may  be  prepared 
by  neutralizing  carbonate  of  soda  by  dilute  sulphuric  acid. 
For  the  purposes  of  commerce,  it  is  manufactured  in  great 
quantities  from  common  salt,  as  described  under  the  head 
of  muriatic  acid^  (p.  50|^ 

As  it  is  not  the  object  of  the  process  to  economize  the 
muriatic  acid  gas,  the  decomposition  is  carried  on  in  a  rever- 
beratory  furnace  similar  to  that  figured  in  p.  644.  Three  or 
four  hundred  weight  of  salt  being  spread  over  the  floor  of 
the  furnace,  forming  a  layer  three  or  four  inches  deep,  the 
equivalent  quantity  (an  equal  weight),  of  sulphuric  acid,  of 
the  strength  1*600,  as  taken  from  the  chambers,  is  poured 
in  through  an  aperture  in  the  dome,  and  a  moderate  fire  kept 
up  until  the  materials  begm  to  dry ;  the  fire  is  then  increased 
gradually  until  all  the  muriatic  aeid  gas  has  been  expelled, 
and  the  residual  sulphate  of  soda  begins  to  fuse.  The  acid 
gas  passes  up  the  chimney,  and  is  either  allowed  to  pass  away 
into  the  air,  oris  condensed  by  meeting  with  a  stream  of  water, 
and  the  weak  liquid  acid  thus  formed  is  let  to  run  to  waste. 
The  greater  part  of  the  sulphate  of  soda  thus  produced  is 
immediately  used  to  make  carbonate  of  soda ;  but  to  form 
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Glauber's  salt,  it  is  only  necessary  to  dissolve  it  in  warm 
water  and  let  it  crystallize  by  cooling. 

The  sulphate  oi  soda  crystallizes  in 
six-sided  prisms,  as  in  the  figure,  very 
much  channelled  at  the  sides*  It  is  easily 
soluble  in  water,  having  a  point  of  max- 
imum solubility  at  93^,  as  figured  in  page 
23.  Its  ordinary  crystals  contain  56  per 
cent,  of  water ;  by  exposure  to  the  air  it  loses  all  its  water 
by  efflorescence,  and  falls  into  a  white  powder ;  fit>m  a  hot 
saturated  solution  opaque  rhombic  octohedral  crystals  are 
deposited,  which  are  anhydrous.  The  isomorphism  of  these 
crystals  with  x>ermanganate  of  barytes,  and  the  speculations 
founded  on  it  have  been  noticed,  p.  367.  A  bisu^hate  and 
a  sesquUvlphaie  of  soda  may  be  formed  by  adding  oil  of 
vitriol  to  a  solution  of  the  neutral  salt,  and  crystallizing  by 
evaporation.  They  are  much  less  determinate  than  the  acid 
sulphates  of  potash. 

Nitrate  of  Soda.— Cubic  Nitre.— SeiO.llfOi.  Eq.  1067-6, 
or  85*57.  The  spontaneous  formation  of  this  salt  by  the 
atmospheric  influence,  probably  on  a  soil  containing  chloride 
of  sodium,  has  been  noticed,  p.  450.  It  may  also  be  ob- 
tained by  means  of  nitric  acid  and  carbonate  of  soda.  It 
crystallizes  in  rhombs,  isomorphous  with  calc  spar,  (p.  367). 
It  is  very  soluble  in  water,  and  is  slightly  deliquescent; 
hence  it  cannot  be  employed  in  the  manufacture  of  gun- 
powder. It  is  used  for  the  manufacture  of  nitric  and  sul- 
phuric adds,  and  as  a  manure. 

Hyposulphite  of  Soda.— K&O.S^O^  -f- 10  Aq.  This  salt, 
which  has  become  of  some  practical  interest,  from  its  use  in 
dissolving  off  the  sensitive  silver  compounds  in  making  pho- 
togenic drawings,  may  be  made  by  boiling  together  three 
parts  of  dry  carbonate  of  soda  with  one  of  sulphur  until  thb 
last  is  dissolved,  and  then  passing  a  stream  of  sulphurous 
acid  gas  through  the  liquor  until  it  smells  strongly  of  it 
NaO.COa,  with  S  and  SOa  produce  NaCS^Oa  whflst  COa 
is  evolved.  If  the  three  parts  of  carbonate  of  soda  be  boiled 


f 


PHOSPHATES  OF  SODA. 


703 


with  two  of  sulphur^  and  the  deep  yellow  liquor  be  exposed 
to  the  air,  until  it  yields  a  colourless  liquor  on  filtration,  the 
salt  is  more  simply  produced ;  the  necessary  quantity  of 
oxygen  being  absorbed  from  the  air.  The  hyposulphite  of 
soda  thus  formed  is  easily  soluble  in  water.  Its  resemblance 
to  Glauber's  salt  in  form,  and  its  other  properties  are  noticed 
in  p.  473. 

HypockUniie  of  Soda.— Chloride  of  Soda.'---Disinfecting 
lAquor  ofLabaraque. — Is  produced  by  treating  a  solution  of 
carbonate  of  soda  with  chlorine,  as  long  as  this  is  absorbed, 
but  no  carbonic  acid  evolved.  For  further  observations,  see 
the  hypochlorites  of  potash,  and  of  lime. 

A.  IHbasiePhaspiateo/Soda. — The  common  phosphate 
of  soda  of  the  shops  is  a  tribasic  salt,  containing  (POft  + 
2NaO  +  HO)  +  24  Aq.  It  is  prepared  by  decomposing 
the  solution  of  acid  tribasic  phosphate  of  lime  obtained  from 
bones,  (as  described  p.  480,)  by  means  of  carbonate  of  soda. 
Carbonate  of  lime  is  thrown  down,  and  phosphate  of  soda 
formed.  It  is  easily  soluble  in  water,  and  crystallizes  in  ob- 
lique rhombic  prisms,  as  in  the  figure,  which 
react  alkaline.  When  exposed  to  the  air,  it  loses 
some  of  its  water  by  efflorescence,  (ten  atoms  ?) 
but  the  crystals  retain  their  form.  If  this  salt 
be  mixed  with  an  excess  of  caustic  soda,  the 
atom  of  basic  water  is  displaced,  and  the  sub- 
phosphate  of  soda  (PO5  +  SNaO  +  24  Aq),  crystallized  in 
long  prisms ;  and  by  the  addition  of  hydrated  phosphoric 
acid  to  its  solution,  and  cautious  evaporation,,  the  acid  tri- 
basic phosphate  (PO5  +  NaO  +  2HO)  +  2  Aq.  which  crys- 
tallizes in  oblique  rhombic  prisms  is  formed ;  it  is  dimorphous. 

The  characteristic  of  these  three  salts  is  to  give  with 
nitrate  of  silver  a  yellow  precipitate  of  tribasic  phosphate  of 
silver. 

B.  BUHisic  Phosphate  of  Soda.— 0{  these  salts  that  termed 
the  pyrophosphate  of  soda  (PO5  -f-  2  NaO)  +  10  Aq.  is  of  in- 
terest, as  its  discovery  led  the  way  to  the  true  history  of  these 
Ubdies.    It  is  formed  by  fusing  the  common  phosphate  of 
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soda  (PO5  +  2NaO  +  HO)+24 Aq.  at  a  red  heat.  All  the 
water  of  crystallization  is  given  off  at  a  very  moderate  heat; 
but  by  a  red  heat  the  twenty-fifth  or  basic  atom  is  expelled, 
and  when  the  salt  is  then  redissoWed,  the  phosphoric  acid 
does  not  recombine  with  basic  water,  but  remains  united 
only  with  the  soda.  It  is  recognized  by  giving  a  white  pre- 
cipitate with  nitrate  of  silver. 

C.  the  Monobasic  Phosphate  of  Soda — PO5  +  NaO.  is 
obtained  by  heating  the  acid  tribasic  or  bibasic  phosphates 
of  soda  to  redness.  All  the  volatile  base  being  thus  ex- 
pelled, the  phosphoric  acid  remains  combined  with  one 
equivalent  of  soda.  This  salt  fuses  into  a  transparent 
glass ;  is  deliquescent ;  its  solution  does  not  crystallize.  It  is 
easily  recognized  by  throwing  down  from  solutions  of  lead 
and  silver,  precipitates^  which  are  not  powders  but  soft  te- 
nacious pastes. 

Borates  of  Soda. — Boracic  acid  combines  with  soda  in 
many  proportions,  forming  salts,  of  which  the  most  important 
is  the  biboraie',  the  boraa:  of  commerce  (NaO  +  2BOj}  +  10 
Aq.  It  exists  in  the  water  of  several  lakes  in  Thibet  and 
China,  also  in  Hungary,  and  was  imported  thence  in  small 
crystals,  smeared  with  a  fatty  matter,  under  the  name  of 
tinkal.  The  borax  of  commerce  is  now  obtained  by  treating 
the  native  boracic  acid  obtained  from  Tuscany,  p.  531,  by 
carbonate  of  soda.  On  the  application  of  heat,  the  acid  dis- 
solves ivith  the  evolution  of  carboi^ic  acid  and  ammonia;  the 
liquor  is  run  into  large -vats  lined  with  lead,  where  it  cools  very 
slowly,  and  the  borax  gradually  crystallizes  in  oblique  rhombic 
prisms,  as  f^tf,f»,  in  the  figure.  If  a  strong  solution  of  borax  be 
kept  at  33®,  the  salt  crystallizes  in  regular  octohe- 
<Tii\  drons  with  only  five  atoms  of  water.  Although  this 
salt  contains  two  equivalents  of  acid  it  has  an 
alkaline  reaction :  when  heated,  it  froths  up  very 
much,  abandoning  its  water.  The  dry  salt  melts 
at  a  red  heat  into  a  colourless  glass,  which  dissolves  most 
metallic  oxides  very  readily,  and  hence  is  serviceable  in  ex- 
periments with  the  blowpipe,  as  enabling  the  metals  to  pro- 
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duce  the  coloured  glasses  by  which  they  are  recognized ; 
under  the  head  of  glass  and  porcelain,  its  use  in  these 
branches  of  art  will  be  again  noticed. 

The  remaining  compounds  of  boracic  acid  with  soda,  as 
the  neutral  borate,  NaO.BOa  +  8Aq.  and  acid  salts  as 
NaO  +  4BO3  and  NaO  +  6BO3  are  not  important. 

Silicaie  of  Soda  will  be  described  under  the  head  of 
glass. 

Salts  of  Lithium. — From  the  rarity  of  this  body,  its 
salts  require  no  further  notice,  than  that  its  carbonate  is  but 
very  sparingly  soluble  in  water,  yet  its  solution  possesses  an 
alkaline  reaction.  It  thus  serves  to  connect  the  alkaline  with 
the  earthy  bases. 

Salts  of  Barium. 

Chloride  of  Barium.— BslCI  +  2Aq.  Eq.  1299-6  +  225, 
or  104*8  +  18.  This  salt  may  be  prepared  by  decomposing 
the  native  carbonate  of  barytes  with  dilute  muriatic  acid,  or, 
more  economically,  by  decomposing  the  sulphuret  of  barium, 
the  preparation  of  which  is  described  in  p.  561,  by  dilute  mu- 
riatic acid.  In  the  former  case  carbonic  acid,  in  the  latter, 
sulphuretted  hydrogen,  is  given  off.  The  chloride  of  barium 
crystallizes  from  a  hot  solution  in  rhomboidal  tables  which 
contain  14-7  of  water. 

Sulphate  of  Barytes.— BslO.SOs.  Eq.  1458,  or  119-5. 
This  salt  exists  native,  in  great  abundance,  being  the  most 
common  source  of  barytes.  It  is  very  generally. associated 
with  sulphuret  of  lead,  and  serves  as  an  indication  of  the 
probable  proximity  of  that  ore.  It  is  totally  insoluble  in 
water.  Its  crystalline  form  is  an  oblique  rhombic  prism, 
generally  very  flat,  as  in  the  figure; 
derived  from  an  octohedron  of  which 
)i  and  e  are  planes;  the  secondary 
planes,  p  and  u  belong  to  the  prism. 
It  is  one  of  the  heaviest  of  saline  bodies,  its  specific  gravity 
being  4'3,  hence  its  name  o(  heavy  spar  and  terra  ponderosa. 
When  ground  to  fine  powder,  it  is  used  as  a  cheap  substi- 
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tute  for  white  lead  in  painting,  for  which  large  quantities  of 
it  are  employed^  but  its  crystalline  texture  prevents  it  having 
the  opacity,  or  body  necessary  in  a  good  pigment.  It  may 
be  prepared  artificially,  by  adding  sulphuric  add  to  any  so- 
lution containing  barytes;  it  falls  as  a  heavy  white  crystalline 
powder.  Its  total  insolubility  renders  its  constituents  excel- 
lent reagents  for  each  other. 

Nitrate  of  Barytes BaO  -f-  NO5.  Eq.  1683-9,  or  180-9, 

may  be  produced  by  acting  on  carbonate  of  barytes  with  di- 
lute nitric  acid,  or  more  cheaply  by  mixing  strong  hot  solu- 
tions of  sulphuret  of  barium  and  nitrate  of  soda.  The 
sparingly  soluble  nitrate  of  barytes  crystallises  as  the  mixed 
liquors  cool,  but  the  sulphuret  of  sodium  remains  dissolved. 
In  this  process  from  Ba.S  and  NaO.NOs  we  obtain  BaO.NOs 
and  Na.S.  This  salt  requires  twelve  parts  of  cold  water  for 
solution,  but  dissolves  in  four  of  boiling  water,  from  which  it 
crystallizes  on  cooling  in  octohedrons.  These  crystals  are 
anhydrous.    When  heated,  they  yield  pure  barytes. 

The  other  salts  of  barytes  do  not  reqiure  notice. 

Salts  of  Strontium. 

Chloride  of  Strontium.— Sr. CI.  +  6Aq.  Eq.  989-9  or 
79*32.  This  salt  is  obtained  from  the  native  carbonate  or 
sulphate  of  strontia,  exactly  as  chloride  of  barium  is  obtained 
from  the  native  salts  of  barytes.  It  crystallizes  in  long 
needles  which  deliquesce.     It  is  very  soluble  in  water. 

Sulphate  of  Strontia.— SrO.SO^.  Eq.  11484  or  91-9. 
This,  the  most  abundant  source  of  strontia,  is  found  native 
crystallized,  isomorphous  with  sulphate  of  barytes.  It  may 
be  produced  artificially  as  a  white  powder,  by  adding  sul- 
phuric acid  to  any  solution  containing  strontia.  It  is  dis- 
solved by  3600  parts  of  boiling  water,  and  remains  dissolved 
after  cooling.  It  is  fused  by  a  strong  heat ;  with  charcoal  it 
gives  sulphuret  of  strontium. 

Nitrate  of  Strontia. — SrO.NOs.  Crystallizes  in  octo- 
hedrons, which  dissolve  in  five  parts  of  cold,  and  one-half 
part  of  boiling  water.     Mr.  Scanlan  has  observed,  that  dur- 
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ring  the  crystallkation  of  this  salt  bright  flashes  of  light  are 
emitted.  It  is  anhydrous,  but  decrepitates  when  heated, 
owing  to  mechanically  included  water.  On  the  application 
of  heat,  these  crystals  evolve  oxygen  and  nitrogen,  and  leave 
pure  strontia. 

Satis  of  Calcium. 

Chloride  of  Calcium.— CslCI  +  6Aq.  Eq.  698-7  +  676 
or  55*98  +  54,  is  obtained  by  decomposing  carbonate  of  lime 
with  muriatic  acid.  In  the  laboratory  it  is  abundantly  pro- 
cured as  the  residue  of  the  preparation  of  carbonic  acid,  am- 
monia, &c.  It  is  very  soluble  in  water ;  its  solution,  evapo- 
rated to  the  consistence  of  a  syrup,  gives,  by  cooling,  long 
striated  rhombic  prisms,  which  deliquesce  with  great  ra- 
pidity, and  when  heated  undergo  watery  fusion,  soon  after 
which,  it  abandons  two-thirds  of  its  water  of  crystallization, 
and  a  powder  is  obtained  CaCl  +  2  Aq.  in  which  form  it  is 
best  adapted  for  freezing  mixtures.  Heated  still  further,  it 
becomes  anhydrous,  and  at  a  red  heat  fuses.  In  this  state 
it  is  phosphorescent  in  the  dark,  forming  Romberg's  pyro- 
phorus.  It  has  a  very  great  affinity  for  water,  combining 
with  two  atoms  of  it  with  the  evolution  of  much  heat,  and  is 
hence  employed  to  dry  gases  for  experimental  purposes,  and 
to  remove  water  from  liquids,  as  in  the  rectification  of 
alcohol. 

This  salt  combines  with  lime,  forming  an  oxy-chloride  of 
calcium,  CaCl  -f-  3CaO.  which  is  obtained  by  boiling  a  solu- 
tion of  it  with  an  excess  of  lime  and  filtering.  The  new  sub- 
stance Crystallizes,  on  cooling,  in  small  flat  rhombs,  which 
contain  forty-nine  per  cent,  or  fifteen  atoms  of  water. 

The  bromide^  or  iodide  of  calcium  do  not  present  any 
interest. 

Fluoride  of  Calcium. — Ca.F.  is  an  abundant  mineral 
known  as ^tf or  spar^  found  crystallized  in  cubes  and  octo- 
hedrons,  but  principally  massive.  When  first  extracted  from 
the  earth  it  is  moderately  tough  and  soft,  and  is  cut  into 
ornaments  which  present  a  beautiful  variety  of  colours.  Its 
crystals  become  strongly  phosphorescent  by  heat,  or  by  elec- 
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tricity.  It  18  insoluble  in  water ;  from  it  all  the  other  pre- 
parations of  fluorine  are  derired^  as  noticed  in  pp.  52], 
538,  and  533.  It  is  quite  insoluble  in  water,  and  appears  as 
a  gelatinous  precipitate  when  hydrofluoric  acid  is  added  to 
any  soluble  salt  of  lime.  When  heated  in  contact  with  sili- 
cious  or  aluminous  minerals,  it  forms  easily  fusible  com- 
pounds, and  being  thus  of  use  as  a  flux  in  the  smelting  of 
metallic  ores,  its  name  oifluor  spar  was  thence  derived. 

Sulphate  of  Lime.—C^O.^Oz  +  2Aq.  Eq.  857.2  +  225, 
or  68*69  +  18.  May  be  prepared  artificially,  by  mixing  a  so- 
lution of  any  soluble  salt  of  lime  with  sulphuric  acid.  It 
forms  a  crystalline  powder,  nearly  equally  soluble  in  hot  and 
cold  water,  requiring  461  times  its  weight  for  its  solution. 
It  occurs  in  nature  abundantly,  and  in  various  forms :  1st, 
in  distinct,  colourless,  crystals;  Snd,  in  semi-transparent 
masses,  of  crystalline  structure,  constituting  oiaiof^^,  and  in 
amorphous  masses  forming  extensive  rocky  strata,  in  many 
places,  in  which  state  it  is  called  common  gypsum.  From 
this,  plaster  of  Paris  is  prepared,  by  calcining  the  gypsum, 
broken  into  small  pieces,  in  ovens  at  a  temperature  below  300^, 
until  its  water  of  crystallization  is  expelled.  In  this  ope- 
ration it  falls  to  powder,  and  is  to  be  put  up  in  tight  vessels, 
so  as  to  exclude  the  air.  When  mixed  with  water  it  rapidly 
recombines  with  the  two  atoms,  evolving  heat  and  expandmg 
in  becoming  solid,  so  as  to  fill  up  all  interstices  of  the  mould 
into  which  it  may  be  poured.  On  this  property  is  foimded 
the  art  of  casting  in  plaster  and  the  formation  of  the  various 
kinds  of  stucco,  or  artificial  stone^  in  which  a  solution  of 
glue,  or  of  various  earthy  salts,  may  be  substituted  for  pure 
water.  If  the  gypsum  had  been  heated,  in  baking,  above 
300^,  it  is  changed  in  nature,  and  no  longer  combines  with 
water,  so  as  to  set ;  it  is  then  converted  into  a  form  which 
exists  in  nature,  crystallized,  and  which  is  termed  anhydrite. 

A  double  salt  of  sulphate  of  lime  and  sulphate  of  soda, 
is  found  native,  and  termed  Glauberite.  It  is  insoluble  in 
water,  by  which  it  is  also  decomposed.  It  cannot  be  formed 
artificially. 
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The  Hffposulphite  ofLkne  is  a-  soluble  salt,  the  mode  of 
preparing  which  is  described  p.  472. 

The  Nitrate  of  Lime  is  very  deliquescent^  and  is  decom- 
posed by  a  moderate  heat. 

Phosphoric  acid  combines  with  lime  in  several  propor- 
tionsy  of  which  the  most  important  is  the  Basic  tribasic  phoS' 
phate  of  limej  or  Earth  of  bones.  This  salt,  which  consti- 
tutes the  inorganic  portion  of  the  skeleton  of  the  mammalia, 
mixed  only  with  small  quantities  of  carbonate  and  sulphate 
of  lime,  and  of  fluoride  of  calcium,  has  the  formula  8CaO  + 
3P0i.  It  may  be  obtained  precipitated,  by  dissolving  bone 
earth  in  muriatic  acid,  and  exactly  neutralizing  the  solution 
by  caustic  ammonia.  It  falls  as  a  gelatinous  powder  contain- 
ing four  atoms  of  water.  As  the  phosphoric  acid  of  bones 
is  in  its  tribasic  condition,  Graham  considers  it  to  be  a  com- 
bination of  two  phosphates,  thus,  2(3CaO.P05  +  Aq.)  -f 
(HO.2CaO.PO5  -f-  Aq.)  Each  of  these  tribasic  phosphates 
of  h'me  may  be  obtained  separate,  by  decomposing  solutions 
of  chloride  of  calcium  by  solution  of  the  ordinary  phosphate, 
or  of  the  subphosphate  of  soda. 

Hypochlorite  of  Lime. — Chloride  qf  Lime. — Bleaching  Salt. 
When  speaking  of  the  oxygen  compounds  of  chlorine,  and 
of  the  chlorate  and  hypochlorite  of  potash,I  have  had  occasion 
to  notice  the  diversity  of  opinion  regarding  the  nature  of  the 
bleaching  substances  formed  by  the  action  of  chlorine  on  the 
alkalies,  and  on  lime.  Of  these  the  chloride  of  lime  is  by  tax 
the  most  important  in  the  arts.  It  is  prepared  by  generating 
chlorine  in  a  large  still,  a,  6,  h,f  as  described  p.  491,  the 
materials  being  kept  constantly  mixed,  by  means  of  an  agitator 
moved  round  by  the  handle  d.  The  gas  is  conducted  by  the 
tube|Ng^to  the  upper  part  of  a  wooden  reservoir,  orapartment, 
as  in  the  figure,  (next  page),  made  very  tight,  i,  t,  on  the  floor 
of  which,  pure  hydrate  of  lime  is  exposed  to  the  action  of  the 
gas.  The  lime  is  introduced  by  the  door  £,  k,  and  the  sur- 
face is  changed  occasionally  by  stirring  with  rakes  by  means 
of  the  apertures  /,/,/:  the  absorption  should  take  place 
80  slowly  as  not  to  evolve  any  sensible  heat.  In  this  way  100 
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parte  of  slaked  lime  combine  generally  with  from  fifty  to 
sixty  of  chlorine.   If  the  process  be  carried  on  too  rapidly,  a 
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quantity  of  lime  is  decomposed,  chlorate  of  lime  and  chloride 
of  calcium  being  formed,  which  may  be  recognized  by  the 
product  getting  damp  when  exposed  to  the  air. 

The  best  bleaching  powder  thus  prepared  by  the  dry 
way,  does  notcontwi  more  than  forty  per  cent  of  chlorine; 
this  does  not  correspond  to  any  exact  atomic  constitution ; 
but  if  lune  be  diffused  through  water  so  as  to  form  a  thin 
cream,  it  then  absorbs  more  than  its  own  weight  of  gas,  and 
is  totally  dissolved.  It  is  probably  the  mechanical  disadvan-i 
tages  of  the  dry  way,  which  prevents  the  absorption  of  the 
gas  reaching  this  limit,  and  the  best  bleaching  powder  may 
be  looked  on  as  a  mixture  of  true  chloride  of  lime,  with 
about  eighteen  per  cent,  of  hydrate  of  lime  in  excess. 
Accordingly,  when  ordinary  bleaching  powder  is  treated 
with  water,  the  true  atomic  compound  is  dissolved  out  and 
the  excess  of  lime  remains.  The  composition  of  the  theore- 
tical and  best  practical  substances  may,  therefore,  be  ex- 
pressed as  follows : 

Best  practicaL 

Chlorine,    ....    40-32 

Lime, 45*40 

Water, 1428 

lOOKK) 


Theoretical. 

1  atom  chlorine,  35*47 

48-63 

1      „     lime,      28-57 

39-04 

1     „     water,      9-00 

12-33 

73-04 

100-00 
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But  the  generality  of  good  samples  in  commerce  will  be 
found  not  to  exceed  thirty  per  cent,  of  chlorine* 

The  solution  of  this  chloride  of  lime  has  a  marked  alkaline 
reaction ;  it  is  without  any  bleaching  power,  except  an  acid 
be  present,  which  liberates  chlorine  and  enables  it  to  destroy 
the  colouring  matter.  It  is  thus  that  the  colour  can  be  re- 
moved from  certain  points  without  injuring  others,  which  is 
of  very  great  importance  in  calico  printing ;  thus  a  piece  of 
cloth  being  dyed  uniformly  with  madder,  (as  Turkey  red),  the 
pattern  is  printed  on  with  tartaric  acid  thickened  with  gum, 
and  the  whole  being  immersed  in  a  bath  of  chloride  of  lime, 
the  chlorine  is  liberated  by  the  acid  at  every  point  of  the 
pattern,  and  the  cloth  is  there  bleached,  giving  a  white 
ground,  on  which  other  colours  may  be  applied,  whilst  the 
general  surface  remains  deep  red*  A  solution  of  bleaching 
powder  in  water  exhales  a  sensible  odour  of  chlorine,  owing 
to  the  absorption  of  carbonic  acid  from  the  air,  and  obtains 
thereby  weak  bleaching  properties. 

As  the  technical  value  of  bleaching  powder  depends  on 
the  total  quantity  of  chlorine  which  it  contains,  this  may  be 
determined  without  reference  to  its  theoretical  constitution. 
For  this  purpose  a  variety  of  methods  have  been  proposed, 
and  the  process  is  termed  Chlorotnetry.  The  earliest  me- 
thod employed,  consisted  in  preparing  a  standard  solution 
of  sulphate  of  indigo,  which,  being  of  a  deep  blue  colour, 
ifvas  bleached  by  the  chlorine  expelled  from  the  lime  by  the 
sulphuric  acid,  and  evidently,  the  richer  the  bleaching  powder 
was  in  chlorine,  the  more  solution  of  indigo  a  certain  weight 
of  it  could  bleach.  The  action  of  chlorine  on  indigo  is, 
however,  so  complex,  that  this  method  was  found  exposed 
to  numerous  fallacies,  and  may  be  considered  as  now  obso- 
lete. Latterly  Gay  Lussac  has  proposed  to  substitute  for 
this,  the  more  definite  action  6f  chlorine  in  acidifying 
arsenic.  He  prepares  a  solution  of  arsenious  acid  in  muriatic 
acid^  and  dilutes  this  with  water.  On  adding  thereto  a  so- 
lution of  chloride  of  lime,  the  muriatic  acid  takes  the  lime, 
and  the  chlorine,  decomposing  water,  converts  the  arsenious 
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acid  into  Arsenic  acid,  and  ilself  forms  hydrochloric  acid; 
AsOa  with  2C1  and  2.  HO  producing  AsOs  and  2.Ha.  The 
proportions  which  I  employ  in  this  reaction  are  as  follows; 
100  grains  of  arsenioua  acid  are  to  be  dissolved  in  SOOO 
gruns  of  strong  spirits  of  salt,  and  thb  liquor  diluted  with 
distilled  water,  till  it  occupies  the  volume  of  7000  grains  of 
water.     This  is  the  standard  test  liquor ;  to  employ  it,  100 
grains  of  the  bleaching  powder  to  be  tested  are  to  be  dif- 
fused  through  1000  grains  of  water  and  the  test  liquor  to  be 
gently  poured  from  a  graduated  glass  on  it,  in  a  deep  jar, 
continually  stirring  the  mixture.    A  drop  of  weak  solution  of 
sulphate  of  indigo  is  to  be  occasionally  applied  by  means  of  a 
glass  rod  to  the  surface  of  the  liquor ;  as  long  as  any  chlorine. 
remains  unaltered,  the  blue  colour  of  the  drop  is  instantly 
destroyed,  and  the  addition  of  the  arsenic  liquor  is  to  be  con- 
tinued  until  the  blue  drop  remains  unaltered.  Then  thequan* 
tity  of  chlorine  present  in  the  lOOgruns  of  bleaching  powder, 
is  represented  by  t^tt^^  ^^  ^®  quantity  of  the  test  b'quor 
employed;  thus,  if  there  were  2565  grains  of  the  test  liquor 
necessary  to  destroy  the  bleaching  power  of  the  100  grains  of 
chloride  of  lime,  the  quantity  of  chlorine  would  be  25'65. 
This  is  not  absolutely  correct,  for  in  theory,  the  true  quan- 
tity of  chlorine  indicated  would  be  26*08,  but  as  a  few  drops 
of  the  solution  are  always  employed,  more  than  what  should 
by  theory  be  necessary,  the  practical  proportion  of  ^^  comes 
excessively  close  to  the  truth.    Even  one-half  part  per  cent. 
which  is  the  limit  of  error,  is  quite  unimportant  in  practice* 
Another  method,  which  is  simple  and  rapid  in  execution, 
is  nearly  the  same  as  that  described  in  p.  582,  for  determining 
the  technical  value  of  black  oxide  of  manganese  by  means 
of  copperas,  (green  sulphate  of  iron).    The  proportion  and 
method  of  testing  which  I  employ  are  as  follows  :  390  grains 
of  clean  and  dry  crystals  of  green  sulphate  of  iron  are  to  be 
dissolved  in  as  much  water  as  will  bring  the  solution  to  the 
volume  of  5000  grains  of  water.     On  the  other  hand,  100 
grains  of  the  chloride  of  lime  is  to  be  diffused  through  1000 
grains  of  water,  and  the  solution  of  copperas  is  to  be  added 
thereto,  until  the  presence  of  a  trace  of  the  protosulphate  of 
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iron  in  excess  is  indicated^  by  the  mixed  liquor  striking  a 
foil  blue  colour  when  a  drop  of  it  ia  placed  on  a  slip  of 
paper,  imbibed  with  red  prussiate  of  potash.  The  quantity  of 
chlorine  present  in  the  100  grains  of  the  bleaching  powder,  is 
j^  of  the  quantity  of  the  standard  copperas  liquor  employed ; 
thus,  if  2783  grains  measure  of  the  volume  of  the  solution  be 
found  necessary,  the  sample  contains  27*83  of  chlorine  per 
cent.  For  the  27*88  of  liquor  contains  217  grains  of  sulphate 
of  iron  which  is  peroxidized  by  the  action  of  27-6  grains  of 
chlorine;  here  also  the  limit  of  error  need  not  exceed  one- 
half  per  cent.  Other  processes  hare  been  proposed,  founded, 
some  on  the  change  of  yellow  prussiate  into  red  prussiate  of 
potash,  by  means  of  the  chlorine  of  the  bleaching  powder; 
and  others,  by  decomposing  the  bleaching  powder  by  means 
of  an  excess  of  water  of  ammonia,  and  measuring  the  nitro- 
gen gas  eTolved,  but  these  are  more  troublesome  and  less 
exact  than  the  processes  already  detailed,  which  are  those 
most  worthy  of  confidence  from  the  manufacturer. 

As  to  the  theoretical  nature  of  bleaching  powder,  chemists 
are  not  as  yet  able  to  decide  positively.  The  original  and 
simple  idea  of  a  direct  combination  between  the  chlorine  and 
the  lime,  has  been  revived  by  Millon,  who  advanced,  that 
by  decomposing  the  salts  of  lead,  iron,  and  copper,  by  solu- 
tion of  chloride  of  lime,  precipitates  were  obtained^  which 
were  compounds  of  the  protoxuie  of  the  metal  united  with  as 
much  chlorine  as  was  equivalent  to  the  oxygen  necessary  to 
form  peroxide.  Thus,  that  with  lead,  a  chloroxide  Pb.O.Cl; 
that  with  iron,  a  chloroxide  Fe3.O3.CL  The  chloride  of  lime 
CaO.Cl  would  thus  be  equivalent  to  deutoxide  of  calcium, 
CaO.O.  It  has  been  found,  however,  that  the  evidence  is 
not  yet  satisfactory.  The  peroxide  of  potassium  is  KO3,  whilst 
chloride  of  potash  is  not  K.O.CI2  but  KO.CL  The  compo- 
sition  of  all  these  bleaching  compounds,  ap{>ears  to  be  an 
atom  of  chlorine  united  to  an  atom  of  a  protoxide,  and  this 
may  be  explained,  by  supposing  a  hypochlorite  and  a  metal*- 
lie  chloride  to  be  formed;  thus  SCaO  and  2Cl  may  give 
CaO  +  CIO  and  CaCl.  But  if  this  happens,  the  chloride  of 
calcium  certainly  remains  combinedj  forming  a  double  salt ; 
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for  the  bleaching  powder,  if  properly  prepared,  has  no  ten- 
dency to  deliquesce,  and  only  becomes  damp  when  long  kept, 
and  then  chlorate  of  lime,  and  free  chloride  of  calcium  are 
formed,  and  all  its  bleaching  qualities  are  lost.  There  are 
thus  two  views  equally  tenable;  first,  that  the  bleaching 
compounds  are  cUorideB  of  oxides,  corresponding  to  perox- 
ides ;  and  second,  that  they  are  double  salts  of  a  hypochlorite^ 
with  a  chloride,  but  there  is  no  reason  to  consider,  that  the 
chlorous  acid  CIO4  comes  into  play  in  their  manufacture, 
although  the  salts  of  that  acid  when  otherwise  prepared,  do 
possess  bleaching  properties. 

Salts  0/ Magnesiuau 

Chloride  of  Magnesium.— MgCl.  Eq.  600-9,  or  48-16, 
may  be  obtained  in  solution  by  acting  on  the  carbonate  of 
magnesia  with  muriatic  acid  ;  by  evaporation,  it  may  be  ob- 
tained in  prisms  with  6  Aq.  which  are  very  deliquescent. 
These  crystals  cannot  be  deprived  of  water,  without  total  de- 
composition, the  chlorine  passing  off  as  muriatic  acid,  and 
magnesia  remaining  behind.  The  chloride  may,  however, 
be  obtained  anhydrous,  by  previously  mixing  its  solution 
with  sal-ammoniac,  with  which  it  forms  an  anhydrous  double 
salt,  which,  when  heated  to  redness,  gives  off  sal-ammoniac, 
and  the  pure  chloride  of  magnesium  remains  melted,  and 
forms  a  clear  crystalline  mass  when  cold.  The  chloride  of 
magnesium  exists  in  sea  water. 

Sulphateof  Magnesia.— Mgq.S03.  Eq.  759-4  or  60-8.  This 
salt  exists  abundantly  in  saline  mineral  springs,  as  those  of 
Seidlitz,  Sellers,  and  Epsom,  from  whence  it  derives  its  com- 
mon name  of  epsom  salt.  It  is  extracted  principally  from 
the  magnesian  limestone,  which  is  calcined,  and  the  mixed 
lime  and  magnesia  treated  with  dilute  sulphuric  acid;  the 
sulphate  of  lime  bebg  very  sparingly  soluble,  is  easily  sepa- 
rated from  the  sulphate  of  magnesia  by  washing  with  water, 
the  latter  is  dissolved  out  and  the  liquor  evaporated  and 
crystallized.  A  great  deal  is  also  made  from  the  mother 
liquor  of  sea  water,  or  bittern,  (p.  700).  This  is  decomposed  by 
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sulphuric  acid  and  the  salt  formed  separated  by  crystalliza- 
tion. TL^t/^ 

The  sulphate  of  magnesia  crystallises  in  slili^wc  rhombic 
prisms,  as  in  the  figure,  containing  seven  atoms  of  water,  of 
which  one  is  constitutional,  and  the  other 
six  crystalline ;  its  formula  "is  therefore 
MgO.SOa.  HO  +  6  Aq;  when  heated  to 
S12^,  it  easily  abandons  the  6  Aq.  but  re- 
tains the  seventh  atom  of  water  even  at 
400^  It  combines  with  the  sulphate  of 
potash,'to  form  a  double  salt,  (MgO'SO, 
+  KOSO3)  +  6Aq ;  the  atom  of  consti- 
tutional water  being  replaced  by  the  alkaline  sulphate.  The 
sulphates  of  soda  and  of  ammonia  act  in  the  same  way. 

Nitrate  of  Magnesia. — MgO'NOs  is  very  soluble  and  de- 
liquescent. It  cannot  be  obtained  dry,  as  it  crystallizes  with 
six  equivalents  of  water,  of  which  five  are  expelled  by  a 
moderate  heat,  and  by  a  higher  temperature,  the  nitric  acid 
itself  passes  off  and  magnesia  remains  behind ;  MgO.NO5.HO 
producing  MgO  and  HO.NO5. 

The  Borate  of  Magnesia  constitutes  the  mineral  boracite, 
whose  electrical  and  crystalline  properties  have  been  already 
noticed. 

There  exists  a  great  number  of  combinations  of  silicic 
acid  with  magnesia,  constituting  the  steatite,  or  soapstone ; 
the  meerschaum^  of  which  pipe  bowls  are  cut;  oUvine,  and 
serpentine,  which  exists  abundantly  in  the  green  marble  of 
Galway ;  these  are  simple  silicates  of  magnesia ;  others,  as 
amphibole  and  pyroxene,  are  double  silicates  of  magnesia 
and  lime,  more  or  less  replaced  by  protoxide  of  iron. 

Salts  of  Aluminum. 
aifo«cfc^^/«mfntim.—Al5|Cl3.Eq.l670-S,or  183-84.  In 
a  hydrated  form  this  salt  may  be  prepared  by  dissolving 
alumina  in  muriatic  acid,  a  solution  being  obtained,  which, 
when  evaporated,  yields  very  deliquescent  crystals,  contain- 
ing twelve  atoms  of  water.    On  applying  heat  to  this,  the 
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•ak  iUelf  is  decomposed,  mariatic  acid  b  given  off,  and  pare 
alumina  remains.  The  dry  chloride  of  aluminum  is  formed 
only  by  a  process  analogous  to  that  described  for  chloride  of 
siliconi  p.  527.  Pure  alumina  is  mixed  with  lampblack 
and  ignited  in  a  porcelain  tube,  whilst  a  stream  of  dry  chlo- 
rine is  passed  OTer  it ;  the  oxygen  of  the  alumina  combines 
with  the  carbon  and  forms  carbonic  oxide,  and  the  chlorine 
combines  with  the  aluminum.  The  resulting  chloride,  being 
▼olatile,  sublimes,  and  is  condensed  in  the  cool  portion  of  the 
tubcy  which  is  allowed  to  project  some  distance  beyond  the 
furnace  for  that  purpose,  or  a  wide  glass  tube  is  adapted  to 
receive  the  salt. 

The  chloride  of  aluminum  thus  formed  is  a  pale-green 
crystalline  mass.  Exposed  to  the  air,  it  fumes  and  deliques- 
ces. Once  combined  with  water,  it  cannot  be  fireed  from  it. 
It  is  used  to  obtain  metallic  aluminum,  as  described  p.  570. 

The  Fluoride  qfAhtmmmm  is  found  in  the  mineral  king- 
dom. The  beautiful  gem,  the  topoMy  is  a  double  fluoride 
and  silicate  of  alumina. 

Sulphate  of  Alumina  (A^O,  +  SSO^)  +\9  Aq.  This  sab 
is  obtained  by  disaolring  alumina  in  dilute  sulpburic  acid,  it 
has  a  sweetbb  styptic  taste,  is  very  soluble  in  water,  and 
crystallizes  in  thin  flexible  plates ;  when  heated,  it  abandons 
its  water,  and  at  a  red  heat,  its  sulphuric  add,  alununa  re- 
maining pure.  The  sulphuric  acid  unites  with  alumina  in 
many  other  proportions,  of  which  that  constituting  the  mine- 
ral alummiie  is  the  most  important ;  its  formula  is  Al^Oa  + 
SO^  +  3  Aq. ;  the  base,  acid  and  water,  each  containing  the 
same  quantity  of  oxygen.  This  salt  in  produced  also,  by 
adding  an  excess  of  caustic  ammonia  to  a  solution  of  alum ; 
hence  caustic  ammonia  cannot  be  used  to  prepare  pure 
alumina  (p.  671). 

The  sulphate  of  alumina  combines  with  the  alkaline  sul- 
phates to  form  the  remarkable  double  salts,  the  common 
alums.  The  most  ordinary  kind  is  the  double  sulphate  of 
alumina  and  potash,  the  formula  of  which  is  (KO.SO3  + 
AlsOa  -I-  3SO3)  +  24  Aq.    From  the  large  quantities  of  this 


MANUFACTURE  OF  ALUM.  7l7 

salt  employed  iit  the  proceBses  of  dying,  its  manufaeture  is 
conducted  upon  the  great  scale.  In  the  coal  districts,  and 
underlying  the  beds  of  good  coal,  strata  of  clayn^late  are  ge- 
nerally found,  containing  a  certain  quantity  of  coaly  material, 
and  through  which  abundance  of  bisulphuret  of  iron  is  disse- 
minated in  the  instable  rhombic  form,  (see  pp.  876  and  596.) 
When  this  alum  slate  is  exposed  to  the  air,  the  sulphuret  of 
iron  rapidly  absorbs  oxygen  and  forms  copperas,  with  an 
excess  of  sulphuric  acid,  which  reacts  on  the  clays,  with  the 
alumina  of  which  it  combines.  This  effect  is  accelerated  by 
the  application  of  heat,  which  is  applied  by  building  up  the 
mineral  into  pyramidal  heaps,  with  some  fuel  underneath, 
and  channels  through  the  interior,  by  which  a  draught  may 
be  established ;  the  fuel  below  being  set  on  fire,  the  slate  con- 
tains coal  enough  to  maintain  its  own  combustion,  and  the 
mass  changes  in  colour  as  it  bums,  becoming  brick  red;  ac- 
cording as  the  process  is  carried  through,  successive  quan- 
tities of  mineral  are  added  to  the  burning  heap,  until  it  often 
acquires  a  height  of  sixty  or  eighty  feet.  When  the  mass  thus 
calcined  has  become  quite  cold,  it  is  powdered  and  lixiviated 
with  water;  a  large  quantity  of  sulphate  of  alumina  and  sul- 
phate of  iron  dissolve  out,  and  the  liquor  is  brought  by  eva- 
poration  to  a  certain  degree  of  strength.  A  solution  of  some 
salt  of  potash  is  then  added,  generally  the  waste  chloride  of 
potassium  from  soap  boilers,  and  the  sulphate  of  iron  being 
decomposed,  forms  sulphate  of  potash,  which  unites  with  the 
sulphate  of  alumina,  and  crystallizes  out  as  alum,  whilst  the 
iron  remains  as  chloride  in  the  liquor. 

In  some  volcanic  countries,  as  Italy,  a  mineral  is  found 
already  containing  potash  and  sulphuric  acid  united  to  alu- 
mina, firom  which  is  obtained  a  very  pure  alum,  roek^lumj 
which  is  valued  very  much  by  dyers,  on  account  of  its  total 
freedom  firom  sulphate  of  iron,  of  which  English  alum  generally 
contains  a  small  trace,  which  injures  the  colours  of  the  dyes« 

Alum  crystallizes  in  regular  octohedrons,  the  solid  angles 
being  often  replaced  by  the  surfaces  of  a  cube.  When  heated, 
the  water  is  first  expelled,  and  at  a  red  heat,  it  parts  with 


718  SALTS  OF  ALUMINUM. 

mo8tofit8  8ulphttric  acid,  sulphate  of  potash  and  pure  ala« 
mina  remaining.  The  taste  of  alum  is  sweet  and  astringent, 
it  reacts  acid,  and  is  soluble  in  18*4  parts  of  cold,  and  in 
0*75  parts  of  boiling  water.  A  remarkable  pyrophonis,  that 
of  Hamberg,  is  prepared  from  alum ;  three  parts  of  dried 
alum  and  one  of  lampblack  well  mizedi  are  to  be  placed  in 
a  stout  glass  bottle,  and  being  bedded  with  sand  in  a  cruci- 
ble, are  to  be  carefully  heated  to  redness,  until  a  blue  flame 
appears  at  the  mouth  of  the  bottle ;  when  this  has  lasted  a 
few  minutes,  the  bottle  is  to  be  stoppered  with  a  bit  of  chalk, 
and  the  whole  cautiously  cooled.  The  bottle  contains  a 
black  powder,  a  mixture  of  lampblack,  alumina,  and  sulphu^ 
ret  of  potassium,  which  last  being  in  a  state  of  exceedingly 
minute  division,  takes  fire  when  a  little  of  the  product  is 
shaken  out  of  the  bottle,  and  emits  considerable  light. 

Basic  Alum.— Cubical  ^Ami.— AUO3.2SO3.  +KO.SO^. 
This  substance,  which  is  preferred  as  a  mordant  to  ordinary 
alum,  is  prepared  by  adding  carbonate  of  potash  to  a  solution 
of  alum,  as  long  as  the  precipitate  which  first  forms  is  redis- 
solved  by  agitation.  It  crystallizes  in  cubes  which  have  no 
add  reaction. 

The  sulphate  of  soda  combbing  with  sulphate  of  alumina^ 
forms  the  soda  alum,  which  is  not  much  used.  The  ammonia 
alum  will  be  hereafter  noticed. 

The  Phosphate  of  Alumina  constitutes  a  remarkable  mine- 
ral found  in  Cork  and  Tipperary,  the  wavettUe. 

The  simple  and  double  silicates  of  alumina  constitute 
probably  the  majority  of  all  known  minerals;  such  of  them  as 
possess  technical  or  pharmaceutic  value  are  noticed  under 
the  heads  of  the  uses  to  which  they  are  applied.  For  a  de- 
scription of  the  others,  I  refer  to  the  ordinary  works  on 
mineralogy. 

One  substance,  however,  of  which  the  constitution  is  very 
curious,  may,  from  its  technical  importance,  here  be  noticed, 
the  lapis  laztdi^  uliramarine.  It  is  found  in  veins  in  igneous 
rocks  in  Siberia,  but  particularly  in  China.  It  is  of  a  rich 
blue  colour,  not  crystalline,  and  being  powdered,  serves  in 
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painting  as  the  richest  and  most  permanent  blue;  its  compo^ 
sition  has  been  found  to  be  in  100  parts,  silica,  35*8,  alumina 
S4*8  ;  soda,  S3*2;  sulphur,  3*1 ;  carbonate  of  lime,  8*1 ;  it  is 
diflBcult  to  deduce  a  formula  from  these  numbers,  and  the. 
state  of  combination  of  the  sulphur  is  not  well  understood. 
Attempts  at  imitating  the  composition  of  this  body  haye 
been  partially  successful,  and  a  large  quantity  of  iMfiificial 
uUramarine  is  now  made  for  painters'  use  by  the  following 
process ;  freshly  precipitated  silicic  acid,  and  alumina,  are 
mixed  with  sulphur  in  a  solution  of  caustic  soda,  all  in  the 
proportions  above  given,  and  the  mixture  dried  down ;  the 
resulting  mass  is  placed  in  a  covered  crucible  and  exposed  to 
a  white  heat,  it  gives  a  dark  and  pure  blue  mass,  to  which, 
for  the  perfect  bringing  out  of  the  colour,  the  air  must  have 
had  partial  access  during  its  ignition.  The  product  is  re- 
duced to  impalpable  powder  by  the  same  process  adopted 
for  the  native  substance. 

Qofuiiiuiion  of  Glass  and  Porcelain^ 

I  deferred  the  description  of  the  silicates  of  potash,  soda, 
and  lime,  because  they  stand  so  closely  allied  with  the  silicate 
of  alumina,  in  relation  to  the  important  manufactures  of 
glass  and  earthenVare,  that  their  properties  could  only  be 
well  understood  when  studied  in  connexion  with  it. 

SOicic  acid  combines  with  the  alkalies  in  many  propor- 
tions, of  which  those  that  contain  a  considerable  excess  of 
base  are  soluble  in  water.  Thus  is  prepared  the  liquor  of 
JlitUs,  by  meldng  together  one  part  of  powdered  quartz,  and 
two  of  carbonate  of  potash ;  the  carbonic  acid  is  expelled  and 
a  glassy  mass  is  obtained,  which  deliquesces  in  the  air,  and  is 
very  soluble  in  water.  It  reacts  strongly  alkaline,  and  gives, 
with  acids,  a  precipitate  of  silica  in  its  soluble  form,  as  de- 
scribed p.  526.  In  this  preparation,  soda  may  be  substituted 
for  potash  in  a  proportion  one-third  less,  and  a  mixture  of 
seventy  parts  carbonate  of  potash,  fifty-four  dry  carbonate  of 
soda,  and  152 of  fine  quartz  sand,  gives  a  still  more  fusible  and 
soluble  product.  This  substance,  under  the  name  o{  soluble 
glass,  has  been  employed  to  render  wood  incombustible; 
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•ereral  coats  of  a  stroog  solation  of  it  being  applied  under 
the  paint 

When  the  quantity  of  silicic  add  is  greater,  the  resulting 
alkaline  silicate  is  insoluble  in  water,  and  possesses  the  qua- 
lities which  give  to  glass  its  peculiar  value.  These  are,  firsts 
to  solidify,  after  being  melted,  very  gradually,  and  to  pass 
through  a  condition  of  pastiness,  which  admits  of  its  being 
blown  out,  cut,  and  fashioned  in  every  way;  and  second,  to 
remain,  when  solid,  quite  transparent  and  destitute  of  any 
tendency  to  crystalline  structure.  Its  composition  should  also 
be  such  as  to  resist  completely  the  action  of  air  and  water. 

The  materials  used  in  the  manufacture  of  glass  are,  Ist, 
quarts  sand,  as  free  as  possible  from  iron;  Snd,  lime  used 
somedmes  pure,  sometimes  slaked ;  occasionally  chalk  is  em- 
ployed in  place  of  lime ;  Sid,  carbonate  of  potash,  (pearl 
ashes  of  commerce) ;  4tb,  carbonate  of  soda,  or  a  salt  of 
soda,  as  Glauber's  salt,  or  common  salt ;  5th,  old  broken  glass, 
technically  termed  cuUet;  6th,  red  lead,  which  must  be 
extremely  pure ;  and  for  corrective  purposes,  ai*seniou8  acid 
sometimes,  but  more  frequently  black  oxide  of  manganese. 
These  materials  are  by  no  means  all  employed  together;  the 
composition  of  various  kinds  of  glass  differing  very  much,  as 
is  shown  in  the  following  table  of  the  best  analyses  of  glass. 
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Although  in  some  of  these  analycies  a  slight  loss  occurred, 
yet  they  are  sufficiently  accurate  for  all  purposes.  No.  1  is 
the  hard  Bohemian  glass  so  yaluable  to  the  chemist,  from 
the  high  temperature  it  bears  without  softening.  No.  2,  also 
a  Bohemian  glass,  is  much  more  fusible,  and  is  that  in  ordi- 
nary use.  No,  3  is  English  plate,  and  No.  4,  German  plate 
glass.  Nos.  5  and  6  are  both  French.  Nos.  7  and  8 
are  English  glass  for  table  use  and  chemical  apparatus;  and 
No.  9  is  the  glass  so  celebrated  for  optical  purposes,  made  by 

Guinaud. 

It  is  difficult  to  trace  any  definite  relation  between  the 
acid  and  bases  in  these  glasses ;  indeed  we  cannot  look  upon 
the  different  silicates  as  being  really  combined  with  each 
other;  they  are  rather  in  a  state  of  intimate  mechanical  mix- 
ture ;  hence  if  the  glass  be  kept  soft,  but  not  liquid,  for  a  con- 
siderable time,  the  silicates  gradually  separate;  the  less  fusible 
crystallizing,  and  rendering  the  glass  opaque  white.  This 
takes  place  most  easily  with  such  glass  as  contains  much 
silicate  of  lime  or  alumina.  In  this  form,  the  mass  is  so  hard, 
as  to  strike  fire  with  steel,  and  becomes  almost  infusible.  From 
the  name  of  its  discoverer,  it  is  termed  Reaumur's  porcelain. 

The  arrangement  of  the  furnaces  for  the  manufacture  of 
glass  varies  according  to  the  materials  and  the  kind  of  pro- 
duct. The  materials,  reduced  to  the  state  of  very  fine 
powder,  are  intimately  mixed,  and  fused  in  crucibles  of  very 
refractory  clay.  The  silica  decomposes  the  carbonates  of 
lime  and  potash  or  soda,  and  expelling  the  carbonic  acid, 
combines  with  the  alkali  and  earth.  If  sulphate  of  soda  had 
been  used,  a  certain  quantity  of  carbon  is  added,  by  which 
the  sulphuric  acid  is  decomposed,  sulphurous  and  carbonic 
acids  being  evolved,  (p.  464) ;  otherwise  the  silica  could  not 
completely  expel  the  sulphuric  acid.  From  the  presence  of 
minute  quantities  of  protoxide  of  iron  in  the  materials,  the 
glass  has,  at  first,  a  pale-greenish  tint,  which  is  counteracted 
by  the  addition  of  a  little  nitre  or  arsenious  acid,  these  agents 
giving  oxygen  to  the  iron,  which  does  not  colour  when  perox- 
idized ;  with  the  latter  body  the  metallic  arsenic  is  evolved 
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in  Tapour^  the  bad  effects  of  which  should  prevent  its  em- 
ployment. More  generally  per-oxide  of  manganese  is  used, 
which,  acting  on  protoxide  of  iron,  produces  peroxide  of  iron 
and  protoxide  of  manganese,  neither  of  which  bodies  gives 
any  sensible  tint  to  glass.  If  there  be  too  much  manganese 
employed,  the  glass  acquires  a  violet  tint.  There  is  reason 
to  suspect  that  soda  glass  is  greenish  even  when  absolutely 
free  from  iron. 

llie  general  arrangement  of  a  glass  furnace  may  be 
illustrated  by  reference  to  the  6gures,  which  represent  the 
essential  parts  of  one  of  the  most  perfect  forms  employed  in 
the  manufacture  of  the  fine  crown  glass  of  Germany.  In 
the  oval  furnace  a,  which  is  covered  by  a  dome,  the  crucibles 


are  arranged  in  two  rows,  on  banks,  of  which  one  is  repre- 
sented in  the  sectional  figure.  These  crucibles  are  left 
open,  but  if  employed  for  a  glass  containing  lead,  they  should 
be  covered  by  a  hood  presenting  only  an  aperture  external  to 
the  furnace,  for  the  workman ;  as  the  glass  would  require  to 
be  thus  protected  from  the  smoke  and  combustible  gases  of 
the  furnace  which  would  reduce  the  lead  to  the  metallic 
state.  Between  the  banks  is  a  rectangular  space  for  the  fire, 
resting  on  the  gratings  55,  which  are  separated  by  the  par- 
tition wall  F,  and  have  apertures  at  the  sides  for  the  intro- 
duction of  the  fuel.  By  means  of  the  passage  d,  there  is 
access  beneath  the  grate  for  the  purpose  of  clearing  it,  and 
the  draught  is  regulated  by  the  opening  or  closing  of  the 
doors  ee.    The  flame  of  the  fuel,  which  should  be  either 
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wood  or  a  very  bituminous  coal,  issues  partly  through  the 
iCpertures  in  front  of  the  crucibles  oo,  and  partly  passes  by  g, 


into  the  wings  and  chimney ;  by  means  of  the  wings,  a  great 
quantity  of  the  heat  is  economized  for  preparatory  opera- 
tions. Next  the  furnace  are  placed  the  fresh  crucibles  ee^ 
which  being  always  made  in  the  glass-house,  are  there  dried, 
baked,  and  ultimately  brought  to  a  full  red  heat,  so  as  to  be 
fit  for  introduction  into  the  furnace  with  a  charge  of  glass. 
The  draught  passing  in  the  direction  of  the  arrows,  over 
the  low  partition,  the  flame  and  hot  air  acts  on  the  space  ky 
on  the  floor  of  which  are  spread  the  materials  for  the  next 
charge  of  glass,  well  mixed,  and  introduced  by  the  apertures 
U\  these  being  brought  to  a  dull  red  heat,  undergo  a 
commencement  of  vitrefaction,  and  are  thus  fritted  or  pre- 
pared for  the  perfect  combination  by  fusion  in  the  crucibles. 
This  operation  oi  fritting 9  was  formerly  performed  in  a 
separate  reverberatory  furnace.  The  draught  escapes  partly 
from  the  small  chimney  x,  but  a  portion  of  the  hot  air  having, 
passed  over  the  partition  171,  is  conducted  into  the  chamb)er 
Wf  which  is  filled  with  wood  supported  on  the  grating ;  the 
hot  air,  in  passing  off,  carries  away  the  moisture  of  the  wood, 
which  is  thus  brought  to  a  state  of  perfect  desiccation,  so  as 
to  give  the  greatest  possible  effect  in  the  furnace. 

For  the  perfect  combination  of  the  materials  and  obtain- 
ing a  mass  free  from  streaks  and  air  bubbles,  it  is  essential 
that  the  glass  should  be  brought  into  a  state  of  perfect  liqui- 
dity, so  as  to  allow  the  gases  to  pass  off*  freely ;  and  then  be 
let  to  cool  until  it  acquires  the  pasty  consistence  which  fits 
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it  for  being  worked  into  the  necessary  forms.  In  thus  cool- 
ing down,  however,  those  glasses  which  contain  oxide  of 
lead  frequently  separate  into  two  or  more  layers  of  glass  of 
different  densities,  which,  when  stirred  up  by  the  tools  of  the 
workman,  give  by  their  imperfect  mixture  a  clouded  and 
streaked  appearance  to  the  articles  made  from  such  glass. 
This  imperfection  is  peculiarly  fatal  to  glass  for  optical  pur- 
poses, as  each  layer  may  have  a  different  refractive  power, 
and  thus  give  distorted  images. 

The  great  use  of  glass  in  the  arts  and  in  ordinary  life, 
depends  upon  its  plasticity  at  a  red  heat,  which  renders  it 
capable  of  being  moulded  into  every  form  ;  its  insolubility 
in  water;  its  resisting  the  action  of  acids  and  the  genera- 
lity of  chenucal  reagents  under  all  ordinary  circumstances; 
its  transparency  and  lustre,  and  the  relations  to  heat,  to 
light,  and  to  electricity,  which  have  been  already  fully 
noticed.  From  the  low  conducting  power  of  glass  for  beat, 
thick  portions  of  it  are  liable  to  break  when  suddenly 
warmed,  the  part  to  which  the  heat  is  directly  applied  ex- 
panding and  thereby  separating  from  that  which  remains 
cold.  When  a  lump  of  glass  is  suddenly  cooled,  as  by  being 
laid  while  soft  on  a  plate  of  cold  iron,  or  being  dropped 
into  water,  the  internal  portions  being  prevented  from  con- 
tracting, remain  in  a  state  of  instable  arrangement,  on  which 
depends  its  doubly  refracting  and  polarizing  properties, 
(p.  873.)  When  the  molecules  of  such  a  piece  of  chilled 
glass  are  made  to  vibrate,  by  being  scratched,  or  a  little  frag- 
ment being  broken  off,  they  change  totally  their  disposition, 
and  flying  asunder,  the  mass  crumbles  into  powder  with  an 
explosion.  Prince  Ruperfs  drops,  with  which  this  property 
of  glass  may  be  exemplified,  are  prepared  by  taking  up  on 
an  iron  rod  a  little  melted  glass,  and  allowing  the  drops  of  it 
to  fall  into  a  vessel  of  cold  water ;  when  one  is  held  in  the 
hand,  and  the  long  projecting  tail  broken  off,  a  smart  blow 
is  felt  with  a  dull  noise,  and  the  drop  is  found  to  be  reduced 
to  fine  powder.  As  this  excessive  frangibility  would  render 
glass  unfit  for  most  household  and  chemical  purposes,  it  is 
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necessary  to  lessen  it  as  much  as  possible,  which  is  done  by 
allowing  it  to  cool  very  slowly.  For  this  purpose^  the  vessels 
when  formed  are  placed  in  the  annealing  furnace ^  or  leer^ 
which  is  a  long  gallery  containing  a  number  of  iron  trays 
moveable  along  it  by  means  of  an  endless  chain ;  the  hot 
glass  articles  are  placed  in  the  trays  at  one  end,  where  a 
strong  fire  is  made,  the  flame  of  which  sweeps  to  a  certain 
distance  into  the  gallery.  According  as  new  trays  come  up, 
those  already  full  are  drawn  down  into  the  cooler  part  of  the 
gallery  by  the  chain,  and  finally  issue  at  the  other  end  quite 
cold.  The  passage  down  occupying  from  twenty-four  to 
forty-eight  hours,  the  particles  of  the  glass,  in  cooling,  have 
time  to  assume  their  most  stable  arrangement,  and  may  then 
be  exposed,  if  not  very  thick,  to  changes  of  temperature, 
provided  they  be  not  very  sudden. 

The  specific  gravity  of  glass  varies  with  its  composition 
from  S*4  to  S'6,  the  latter  being  that  of  flint  glass  containing 
40  per  cent,  of  oxide  of  lead.  The  lighter  glasses  are  gene- 
rally those  which  are  hardest,  and  resist  the  action  of  water 
and  of  reagents  best.  The  oxide  of  lead  in  flint  glass  is 
acted  on  by  a  variety  of  chemical  substances,  which  unfits  it 
for  many  laboratory  uses.  Where  alkali  predominates,  the 
glass  is  rapidly  acted  on  by  the  air,  attracting  moisture,  and 
thus  frequently  embarrassing  electrical  experiments.  Bottle 
glass  which  contains  much  alumina,  is  so  rapidly  corroded  by 
the  cream  of  tartar  in  wine,  as  sometimes  to  become  opaque, 
and  spoil  the  wine  in  the  course  of  a  few  days. 

I  have  had  frequent  occasion  to  notice  the  various  co- 
kured  glasses  produced  by  the  addition  of  metallic  oxides ; 
(see  p.  50)  ;  on  this  principle  is  founded  the  art  of  painting 
on,  or  staining  glass,  and  also>  the  manufacture  of  artificial 
gems.  These  arts  I  will  have  to  notice  farther  on,  and  any 
detail  of  their  methods  would  be  foreign  to  a  work  like  the 
present. 

The  manufacture  of  porcelain  and  earthenware  depends 
on  two  principles,  first,  that  of  the  plasticity  and  infusibility 
of  clay,  and  secondly,  the  fusibility  of  a  glass  by  which  the 
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substance  of  the  porous  clay  may  be  imbibed,  and  thus  ren- 
dered water  tight.  Clay,  when  perfectly  pure,  is  a  neutral 
silicate  of  alumina,  Al^Oa  +  3  SiOa ;  but  as  the  great  de- 
posits of  clay  used  for  the  purposes  of  the  arts  are  produced 
by  the  weathering  (decomposition)  of  a  variety  of  rocks,  a 
number  of  foreign  ingredients  are  intermixed  in  small  quan- 
tity, and  produce  varieties  which  influence  very  much  the 
proportions  used  in  the  manufacture.  The  purest  porcelain 
clay  is  formed  by  the  decomposition  of  the  feldspar  cont^uned 
in  granitic  and  syanitic  rocks.  The  feldspar  has  the  for- 
mula KO.SiO,  +  ( AI3O3  +  3  SiOa) :  by  the  action  of  water 
the  silicate  of  potash  is  dissolved  out  as  soluble  glass  (p.  719), 
and  the  silicate  of  alumina  remains  as  a  fine  powder,  per- 
fectly white,  impalpable,  forming  with  water  a  paste  capable 
of  being  moulded  into  any  form,  and  when  heated  abandon- 
ing the  water,  and  contracting  in  volume,  but  retaining  the 
form  which  had  been  given  to  it.  The  pure  porcelain  clay  is 
seldom  found,  and  hence  is  used  only  for  the  finest  objects ; 
other  clays  of  greater  or  less  purity  are  therefore  used  either 
alone  or  mixed  with  porcelain  clay,  for  such  objects  as 
stone-chma  and  delft ;  and  clays  in  which  a  quantity  of  alu- 
mina is  replaced  by  iron,  and  which,  consequently,  when 
burned,  assume  a  red  or  yellow  colour,  are  employed  for 
common  earthenware.  In  the  clays  which  contain  very  little 
iron,  and  hence  burn  white,  there  are  present  almost  uni- 
versally certain  quantities  of  alkali  remaining  from  the  de- 
composed feldspar,  this  is  generally  potash,  but  may  be 
soda  when  the  clay  is  formed  from  albite,  (NaO.SiOs  + 
3AI2O3  +  S  S1O3),  and  when  the  source  of  the  clay  is  not  a 
pure  granitic  rock,  the  associated  minerals  generally  yield  a 
certain  quantity  of  lime  which  mixes  with  it.  Hence,  the 
composition  of  the  following  clays  from  various  countries 
used  in  the  manufacture  of  porcelain,  can  easily  be  accounted 
for: 


MANUFACTURE  OF  EAllTHENWARE. 


727 


Clay  from 

Mori. 

Schneeberg. 

Limoges. 

Silica     .     .     . 

71-42 

43-6 

46-8 

Alumina    .     . 

2607 

37-7 

87-8 

Lime     .     .     - 

013 

.... 

.... 

Potash  .     .     . 

0-46 

.... 

2-5 

Water  .     .     . 

•  •  •  • 

12-0 

13-0 

Oxide  of  Iron 

1-93 

1-5 

•    •     •     • 

If  clay  alone  were  used  in  the  fabrication  of  earthenware, 
although  from  its  plasticity  it  should  assume  perfectly  the 
required  form,  yet  from  its  infusibility  it  would,  when  baked, 
have  so  little  coherence,  and,  from  its  great  contraction,  be 
so  liable  to  crack,  that  in  practice  it  could  not  be  beneficially 
employed.  The  paste  of  which  the  china  and  delft  articles 
are  made  consists  therefore  of  clay,  to  which  is  added,  silica, 
lime,  and  potash,  in  other  words,  the  constituents  of  crown 
glass,  which,  being  fusible  at  a  high  temperature,  cement 
together  the  particles  of  clay,  and  enable  the  different  por- 
tions of  the  vessel  to  hold  together  during  the  bakings.  Thus, 
to  form  the  body  of  ironstone  chinaware,  forty  parts  of 
Devonshire  clay  are  mixed  with  from  forty  to  «ixty  of  feld- 
spar, and  generally  about  five  parts  of  flint  glass,  and  ten  of 
quartz. 

It  would  not  be  within  the  object  of  the  present  work 
to  detail  the  mechanical  process  of  fashioning  articles  of 
earthenware.  When  formed,  they  are  first  dried  in  the 
air,  and  then  heated  moderately,  to  expel  as  much  water  as 
will  fit  them  for  the  reception  of  the  glaze*  This  consists 
in  covering  them  perfectly  with  a  sheet  of  easily-fusible 
glass,  which,  by  entering  into  all  their  pores,  and  varnishing 
their  surface,  renders  the  vessels  impervious  to  water ;  the 
glassy  constituents  of  the  paste  having,  in  quantity  and  fusi- 
bility, only  sufficient  power  to  cement  the  particles  of  the  clay 
together,  without  depriving  the  mass  of  its  porosity.  The 
composition  of  the  glaze  may  vary  much  indifferent  establish- 
ments ;  an  ordinary  one,  for  ironstone  china,  consists  of  feld- 
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spar  S69  quartz  SO,  white  lead  40,  flint-glass  8.  These 
materials  are  fritted  together,  and  then  being  reduced  to  im- 
palpable powder,  are  diffused  through  water,  into  which 
the  vessel  to  be  glazed  is  dipped  and  is  then  taken  out  again. 
The  clayey  substance  of  the  vessel  rapidly  imbibes  the  water, 
and  the  fine  powder  of  the  glaze  remains  uniformly  spread 
upon  the  surface.  The  articles  so  prepared  are  arranged 
in  capsules  of  a  very  refractory  ware,  and  placed  in  the  kiln 
or  furnace  to  be  baked.  The  construction  of  the  porcelain 
kiln  is  represented  in  the  figiure.  It  is  a  vaulted  building, 
generally  of  three  stories,  provided  with  five  fireplaces,  firom 


which  the. flames  pass  into  the  kiln  by  the  passages,  i,  m,  a, 
J9,  marked  with  the  arrows  ;  from  the  third  story  the  chim* 
ney  issues.  The  highest  floor  is  reserved  for  drying  the 
capsules  in  which  the  articles  to  be  baked  are  arranged ;  on 
the  floor  of  the  second,  the  articles  are  dried  to  the  degree 
which  fits  them  for  the  reception  of  the  glaze ;  and,  in  the 
lowest  chamber,  by  the  full  action  of  the  fire,  the  final  baking 
is  performed.  The  operation  commences  first  with  a  mo- 
derate fire,  the  fuel  being  introduced  into  the  cavity  A,  and 
supplied  with  air  by  the  apertures  e,  s ;  the  heat  being  al- 
lowed to  rise  gradually  for  six  or  eight  hours,  the  space  h 
becomes  full  of  ignited  fuel,  and  a  strong  draught  is  esta- 
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blisbed.  The  apertures  are  then  closed^  fuel  (and  for  this, 
as  for  glass  making,  wood  answers  best)  is  heaped  on  the 
rest  6,  and  the  air  admitted  to  the  kihi  only  after  having 
passed  through  h.  The  temperature  is  thus  kept  uniformly 
intense  for  seventeen  or  eighteen  hours,  and  then,  the  kiln 
being  allowed  to  cool  slowly  for  three  or  four  days,  the  ar- 
ticles are  extracted  in  their  finished  state. 

The  glaze  on  earthenware  being  a  transparent  glass,  it 
may  be  coloured  by  various  metallic  oxides,  and  thus  the 
patterns  produced,  which  giye  to  the  finer  kinds  of  ware  so 
much  popularity.  The  coloured  glass  being  reduced  to  fine 
powder,  is  mixed  up  with  oil  of  spike,  and  either  laid  on  with 
a  brush,  as  in  ordinary  painting,  or  printed,  in  a  very  in- 
genious manner,  by  having  the  pattern  engrayed  on  copper, 
and  printing  it  with  the  glaze  made  with  oil  into  a  very  thin 
ink  on  damp  tissue  paper.  The  paper  with  the  figure  thus 
formed  is  laid  evenly  on  the  vessel,  which,  from  its  porosity, 
immediately  absorbs  the  liquid  materials  of  the  ink,  and 
leaves  the  powder  of  the  glaze  on  the  surface  in  all  the  fine 
tracings  of  the  design.  The  paper  is  then  cautiously  rubbed 
off  by  the  finger,  in  a  vessel  of  cold  water,  and  the  uniform 
glazing  applied  over  all,  as  before  described.  The  blue 
patterns  are  produced  by  cobalt ;  the  black  by  a  mixture  of 
oxides  of  iron  and  manganese ;  the  crimson  by  gold ;  and 
gold  and  platina  are  applied  also,  in  their  metallic  state,  by 
dissolving  their  chlorides  in  oil  of  turpentine,  and  applying 
this  varnish  with  a  pencil,  then  burning,  and  burnishing  the 
metallic  surface. 

A  coarse  kind  of  glazing,  given  to  the  common  articles  of 
earthenware,  is  produced  by  throwing  into  the  kUn,  when 
intensely  hot,  a  few  handfuls  of  common  salt ;  by  means  of 
the  watery  vapour  produced  by  the  combustion  of  the  fuel, 
the  silicic  acid  on  the  surface  of  the  earthenware  decomposes 
the  common  salt,  which  is  converted  into  vapour  by  the  heat ; 
SLO3  with  Na.Cl  and  HO,  producing  NaO.SiOa,  which  forms 
a  transparent  glassy  varnish  on  their  surface,  whilst  HCl 
passes  off  with  the  excess  of  watery  vapour,  forming  copious 
white  fumes. 
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The  general  characters  of  the  salts  of  glucinumy  tharumif 
fitrium,  MWcomum^  lanthanum^  and  cerium  have  been  no- 
ticed under  the  heads  of  these  respective  metals  (p.  573  et 
seq.)  and  do  not  require  further  detail. 

ScUts  of  Mangane$e. 

Manganese  may  give  origin  to  four  classes  of  salts^  in  two 
of  which  it  constitutes  the  base,  and  in  the  others  forms  an 
element  of  the  acid ;  these  last,  the  manganates  and  per- 
manganaies^  have  been  suflBciently  noticed  in  pp.  583-4,  and 
it  remains  only  to  describe  the  former. 

Proiochloride  of  Manganese.— MuCl  +  4  Aq.  Eq.  788*5 
+450,  or  63-19  +  36.  This  salt  may  be  obtamed  by  digest- 
ing the  commercial  black  oxide  in  muriatic  acid,  until  all 
the  excess  of  chlorine  has  been  expelled,  then  evaporating  to 
dryness,  and  fusing  the  mass,  at  a  bright  red  heat,  in  a  cru- 
cible. The  chloride  of  iron,  which  is  formed  by  the  impu- 
rities of  the  ore,  is  decomposed  by  the  last  portions  of  water, 
and  muriatic  acid  being  given  off,  oxide  of  iron  remains. 
Hence,  on  digesting  the  melted  mass  in  water,  protocblo- 
ride  of  manganese  dissolves,  and  all  the  iron  remains  in- 
soluble. The  solution,  which  is  of  a  pale  pinkish  tint,  is  to 
be  evaporated,  and  the  salt  crystallized.  The  crysuls  are 
rh<Mnbic  tables,  rose  coloured  ;  by  heat  they  lose  their  water 
of  crystallization,  but  are  not  otherwise  altered.  It  is  known 
to  be  free  from  iron  when  its  solution  gives,  with  yellow 
prussiate  of  potash,  a  pure  white  precipitate. 

Perchloride  of  Manganese. — MnCls.  appears  to  be  form- 
ed when  strong  muriatic  acid  is  digested  on  peroxide  of 
manganese  without  heat.  A  gentle  heat  resolves  it  into  pro- 
tochloride  and  free  chlorine. 

Protosidphate  of  Manganese.— MnO.SO^  +  7  Aq.  This 
salt  may  be  obtained  pure  from  the  commercial  oxide  by 
mixing  this  into  a  thick  cream,  with  oil  of  vitriol,  and  heat- 
ing it  in  a  shallow  dish,  until  it  becomes  quite  dry  ;  oxygen 
being  given  off.  The  dry  mass  which  contains  the  mixed 
sulphates  of  iron  and  manganese  is  to  be  then  placed  in  a 
crucible,  and  heated  to  bright  redness ;  the  sulphate  of  iron 
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is  decomposed,  its  sulphuric  acid  being  expelled  by  the  heat; 
but  the  sulphate  of  manganese  is  not  altered,  and  on  digesting 
the  resulting  mass  in  water,  dissolves,  and  is  obtained  crys- 
tallized, by  evaporation  and  cooling.  This  salt  crystallizes 
in  oblique  rhombic  prisms,  with  7  aq.,  but  is  also  found  with 
5  aq.,  and  with  4  aq.,  its  fornl  changing  in  each  case.  In  all, 
one  equivalent  of  water  is  constitutional,  and  may  be  replaced 
by  an  alkaline  sulphate,  with  which  the  sulphate  of  man- 
ganese forms  double  saltsj  like  those  of  sulphate  of  mag- 
nesia* 

Sesqtdsulphate  of  Manganese^  Mn^Oa,  +  SSOs.  may  be 
obtained  by  dissolving  the  sesquioxide  in  sulphuric  acid. 
The  solution  is  of  a  rich  crimson  colour  :  when  heated,  it 
becomes  colourless,  giving  off  oxygen,  and  it  is  instantly 
bleached  by  sulphurous  acid,  or  any  deoxidizing  agent.  Its 
most  important  property  is  that  of  forming  with  the  sulphate 
of  potash,  or  of  ammonia,  double  salts  crystallizing  in  octo- 
bedrons,  which  are  manganese  alums,  similar  in  constitution 
to  the  ordinary  alum,  but  with  AUOa,  replaced  by  M naOa. 

No  other  salt  of  manganese  requires  special  notice. 

Salts  of  Iron. 

There  are  two  series  of  iron  salts  corresponding  to  the 
two  oxides,  proio-salts  and  sesqui-salis. 

ProtocUoride  of  Iron.  — FeCl  4- 4HO.  This  salt  is 
formed  when  metalUc  iron  is  dissolved  in  muriatic  acid, 
hydrogen  being  evolved ;  the  solution,  which  is  of  a  pale 
bluish-green  colour,  yields,  on  evaporation,  rhombic  crystals 
of  the  hydrated  chloride,  which  are  slightly  deliquescent. 
Thb  solution  absorbs  oxygen  from  the  air  with  great  avidity, 
and  becomes  dark-green  coloured.  When  these  crystals  are 
heated  they  lose  water,  and,  if  the  air  have  not  access,  a 
white  mass  of  dry  protochloride  of  iron  is  obtained,  but 
otherwise  perchloride  is  formed  and  the  whole  decomposed. 
The  anhydrous  protochloride  is  very  elegantly  prepared  by 
passing  a  stream  of  dry  chloride  of  hydrogen  over  fine  iron 
wire,  coiled  up  in  a  tube  of  hard  Bohemian  glass,  and  heated  to 
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bright  redness :  hydrogen  gas  is  evolved,  and  protochloride 
of  iron  formed ,  which  sublimes  into  the  cold  part  of  the  tube 
as  brilliant  white  spangles.  By  the  action  of  the  air  it  is  ra- 
pidly decomposed. 

Sesquichlaride  of  Iron. — FeaCla.  This  salt  is  formed 
when  iron  is  dissolved  in  aqua  regia ;  a  deep  brown  solution 
is  obtained,  which,  when  evaporated  to  the  consistence  of  a 
sirup,  gives  large  red  crystals  of  hydrated  chloride,  which 
are  very  deliquescent.  On  the  application  of  heat,  this  salt 
is  totally  decomposed  ;  muriatic  acid  is  given  off,  and  red  ox- 
ide of  iron  remains  behind,  with  some  unaltered  chloride,  as 
a  basic  salt.  To  obtain  the  anhydrous  sesquichloride,  a 
stream  of  dry  chlorine  gas  is  to  be  passed  over  iron  wire 
heated  to  redness  in  a  tube  of  Bohemian  glass.  The  iron 
bums  in  the  chlorine,  and  the  salt  sublimes  into  the  cool 
portion  of  the  tube,  where  it  forms  a  dark  olive  crystalline 
mass,  which  rapidly  attracts  moisture  from  the  air.  This 
salt  is  very  soluble  in  alcohol. 

The  sesquichloride  of  iron,  when  dissolved  along  with 
sal-ammoniac,  may  form  a  true  double  salt,  containing  an 
equivalent  of  each  salt ;  but  the  crystals  which  are  generally 
thus  obtained,  although  deeply-coloured  red,  contain  but 
two  or  three  per  cent,  of  the  chloride  of  iron. 

Proio-iodide  of  Iron. — Fe.I.  Is  formed  by  digesting  iodine 
in  water,  on  an  excess  of  iron  filings.  Considerable  heat  is 
evolved,  and  a  colourless  solution  is  obtained,  which  when 
evaporated  yields  a  crystalline  mass,  containing  water  of 
crystallization,  and  which  is  decomposed  by  a  further  acdon 
of  the  heat,  iodine  being  evolved.  It  absorbs  oxygen  very 
rapidly.  A  solution  of  proto-iodide  of  iron  dissolves  iodine 
abundantly,  becoming  brown,  and  possibly  containing  the 
sesqui-iodide  Fe2l3,  but  it  is  more  likely  that  the  iodine  b 
not  combined,  as  it  is  sensible  to  the  test  of  starch. 

The  bromides  of  Iron  resemble  perfectly  the  iodides. 

Protosulphaieoflron — GreenCopperas. — FeO.SOs-f-TAq. 
The  manufacture  of  this  salt  is  conducted  on  the  large  scale 
for  the  purposes  of  the  arts,  by  exposing  to  the  action  of  air 
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and  moisture,  the  nodules  of  bisulphuret  of  iron,  which  are 
found  abundantly  in  the.strata  of  alum-slate-day  (page  71 7), 
Oxygen  is  rapidly  absorbed  both  by  the  iron  and  the  sulphur, 
sulphuric  acid  and  oxide  of  iron  being  formed,  and  the  liquor 
which,  holding  these  in  solution,  drains  from  the  beds  of  de- 
composing pyrites,  is  run  into  tanks,  where  it  is  put  in  con- 
tact with  pieces  of  old  iron,  which  serve  to  neutralize  the 
excess  of  acid,  produced  from  the  pyrites,  being  a  bisulphuret, 
and  also,  by  means  of  the  hydrogen  evolved,  to  retain  all  the 
iron  in  the  state  of  protoxide ;  after  proper  evaporation,  the 
salt  is  obtained  crystallized  from  these  solutions.  On  the 
small  scale,  it  may  be  prepared  by  dissolving  iron  wire  in 
dilute  sulphuric  acid,  as  in  the  process  for  preparing  hy- 
drogen gas,  (page  401).  The  protosulphate  of  iron  generally 
crystallizes  with  seven  atoms  of  water,  of  which  one  is  constitu- 
tional, and  may  be  replaced  by  an  alcaline  sulphate,  forming 
double  salts.  The  form  of  its  crystal  is  a  short  oblique  rhom- 
bic prism,  t,ti,ti,  with  numerous  secondary  faces,  as/3,  e,  in  the 
fig.  Its  taste  is  styptic  and  metallic ;  it  dissolves  in  1  *64  parts  of 
water  at  50'',  and  in  0*30  parts  at  212''.  Like  the 
.other  protosalts  of  iron,  it  is  but  very  sparingly  so- 
/luble  in  alcohol.  When  heated,  it  abandons  first 
its  water,  and  at  full  red  heat  its  sulphuric  acid, 
of  which  a  portion  is  decomposed  into  sulphurous  acid  and 
oxygen,  by  which  the  iron  becomes  peroxidized.  The  per- 
oxide of  iron  thus  formed  is  used  in  the  arts  under  the  names 
of  rouge  and  colcothar,  as  a  polishing  material.  On  these 
properties  is  founded  the  manufacture  of  fuming  oil  of  vitriol, 
described  in  page  470.  The  protosulphate  of  iron  absorbs 
oxygen  rapidly,  even  when  dry,  and  becomes  covered  with 
a  reddish  crust  of  basic  persulphate,  whence  its  commercial 
name.  In  solution,  the  absorption  of  oxygen  proceeds 
quickly,  untfl  |  of  the  iron  is  peroxidized  and  a  reddish  so- 
lution obtained,  from  which  alcalies  throw  down  the  black 
magnetic  oxide,  (see  page  593).  This  solution  does  not  crys- 
tallize. 

Sesquisulphate  of  Iron.— Fe^O;^  +  SSOj.    Eq.  2481-9  or 
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198*9.  This  salt  is  found  native  in  large  quantities  in  Chili, 
combined  with  9Aq.  It  may  be  prepared  artificially^  by 
pouring  oil  of  vitriol  on  red  oxide  of  iron,  stirring  the  mass 
well  and  applying  a  moderate  heat  to  expel  the  excess  of 
acid.  The  salt  may  then  be  dissolved  in  water,  forming  a 
red  solution,  and  giving,  when  evaporated,  a  deliquescent 
mass  scarcely  crystallized.  In  this  way  it  retains  an  excess 
of  acid,  which  may  be  driven  off  by  a  heat  just  below  red- 
ness. The  persulphate  then  appears  as  a  white  powder, 
which  dissolves  but  very  slowly  in  water.  By  a  strong 
heat,  this  salt  is  totally  decomposed.  The  protosulphate 
may  be  converted  into  persulphate,  by  adding  to  a  boiling 
solution,  nitric  acid  in  small  quantities,  as  long  as  any  nitric 
oxide  gas  is  given  off.  There  are  several  basic  persulpbates 
of  iron,  of  which  the  most  important  is  the  rust-coloured 
powder,  which  precipitates  from  a  solution  of  protosulphate 
of  iron  when  oxidised  by  exposure  to  the  air;  its  formula  is 
gFejOa  +  SOa  +  SAq. 

The  persulphate  of  iron  combines  with  the  alcaline  sul- 
phates to  form  a  class  of  alums,  which  contain  Fe203  in  place 
of  AI2O3.  These  iron  alums  are  generally  pale  red  in  colour, 
but  have  the  form,  solubility,  and  nearly  the  taste  of  com- 
mon alum. 

ProUmiraie  of  Iron  may  be  formed  by  dissolving  sul- 
phuret  of  iron  in  cold  dilute  nitric  acid ;  it  crystallizes  in  pale 
green  rhombs,  which,  when  heated,  evolve  nitric  oxide  gas, 
and  form  a  basic  nitrate  of  the  peroxide.  Metallic  iron  dis- 
solves in  dilute  nitric  acid,  without  the  evolution  of  any  gas; 
water  and  nitric  acid  being  simultaneously  decomposed,  and 
oxide  of  iron  and  ammonia  produced.  Thus,  NO5  with 
SHO  and  6Fe,  give  6FeO  and  NH3. 

Pemiiraie  of  Iron  is  produced  when  iron  is  dissolved  in 
hot  nitric  acid  *,  the  solution  is  reddish  brown,  and  gives,  by 
drying,  a  deliquescent  mass  easily  decomposed  by  heat. 
When  a  solution  of  this  salt  is  decomposed  by  carbonate  of 
potash  added  in  excess,  the  oxide  of  iron,  which  first  pre- 
cipitates, is  redissolved,  and  a  deep  red  liquor  obtained. 
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which  is  sometimes  used  in  medicine  under  the  name  otStahi's 
alkaline  tincture  of  iron. 

Protophosphate  of  Iron— Tribasic.—HO. 2FeO  +  POs. 
May  be  formed  by  decomposing  a  solution  of  protosulphate 
of  iron  with  tribasic  phosphate  of  soda.  It  is  a  white  powder, 
which  rapidly  becomes  blue  by  exposure  to  the  air,  a  portion 
of  the  iron  becoming  peroxidized.  This  blue  phosphate  of 
iron  is  a  double  salt^  which  exists  in  nature,  forming  the  bog 
iron  ore,  and  may  be  produced  artificially  by  adding  solution 
of  phosphate  of  soda  to  the  solution  of  mixed  sulphate  of 
iron,  from  which  alkalies  precipitate  the  black  oxide,  (page 
593).  The  precipitate  which  forms  is  of  a  rich  blue  colour, 
and  is  not  changed  by  exposure  to  the  air.  Its  formula  is 
(H0.2FeO  +  PO5)  +  2(Fe,03.P03).  It  is  used  in  medicine. 
Sesquiphosphate  of  Iron. — ^^.FesOa  +  PO^  Is  obtained  by 
decomposing  solution  of  sesquisulphate  of  iron  by  phosphate 
of  soda.  It  is  a  white  powder,  insoluble  in  water*  It  is  used 
in  medicine. 

The  salts  of  the  protoxide  of  iron  are  remarkable  for 
absorbing  nitric  oxide  in  considerable  quantity,  and  forming 
therewith  a  deep  olive-coloured  liquor,  which  rapidly  attracts 
oxygen  from  the  air.  The  quantity  of  gas  absorbed  is  one 
atom  for  two  atoms  of  salt,  and  the  nitric  oxide  may  be 
considered  as  replacing  the  third  atom  of  oxygen,  which 
forms  the  sesquioxide.  Thus,  the  protochloride  gives 
Fe,+  CU.NOi,and  the  protosulphate  (Fcj  +  08.NO«)+2S03, 
analogous  to  Fca  +  CI3  and  (Fca  +  O3)  +  2SO3.  The  uti- 
lity of  this  olive  liquor,  as  a  test  for  nitric  acid  and  in  eudi- 
ometry,  has  been  noticed  in  pp.  457  and  428. 

Salts  of  Nickel  and  Cobalt. 

Chloride  of  Nickel. — Ni.Cl.  May  be  obtained  by  dis- 
solving oxide  of  nickel  in  dilute  muriatic  acid,  or  by  acting 
on  the  metal  with  the  hot  concentrated  acid.  It  crystallizes 
in  emerald  green  rhombs.  When  heated,  it  loses  its  water 
of  crystallization,  and  gives  a  yellow  powder,  which  by  a  red 
heat  sublimes  in  crystals,  resembling  Mosaic  gold. 
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Sulphate  of  Nickel.— mO.SO:i.  This  salt  is  obuined  by 
dissolving  the  oxide  in  dilute  sulphuric  acid,  or  by  acting 
on  the  metal  with  a  mixture  of  nitric  and  sulphuric  acids  di- 
luted with  water ;  the  nitric  acid  then  supplies  oxygen.  This 
solution  gives  fine  emerald  green  crystals,  which  vary  in 
form  according  to  the  quantity  of  water  they  contain.  When 
they  form  below  60^,  they  are  long  rhombic  prisms,  con- 
taining 7  Aq.  and  isomorphous  with  the  sulphates  of  zinc 
and  magnesia ;  but  when  formed  at  any  temperature  above 
60^,  the  quantity  of  water  is  six  atoms,  and  the  form  is  an 
octohedron  with  a  square  base.  If  a  prismatic  crystal  be 
exposed  to  a  moderate  heat,  or  to  sunshine,  it  gives  off  an 
atom  of  water  and  becomes  opaque,  by  breaking  up  into  a 
number  of  very  minute  crystals  of  the  octohedral  form.  In 
sulphate  of  nickel,  one  atom  of  water  being  constitutional 
may  be  replaced  by  the  alkaline  sulphates,  and  double  salts 
formed,  of  which  some  are  very  beautiful. 

Chloride  of  Cobalt — Co.Cl.  Is  formed  by  dissolving  oxide 
of  cobalt,  or  the  xiiffre  of  commerce  in  muriatic  acid.  The 
solution  is  pinkish,  and  gives,  on  evaporation,  rose-red  crys- 
tals of  hydrated  chloride ;  if  the  evaporation  be  pushed  very 
far,  the  liquor  becomes  blue,  and  dark-blue  crystals  of  anhy- 
drous chloride  are  deposited.  If  the  solution  contains  nickel, 
which  is  always  the  case  when  prepared  from  zafire,  the 
colour  becomes  green,  and  it  is  thus  that  sympathetic  inks  of 
cobalt  are  produced,  and  summer  and  winter  scenes  in  land- 
scapes alternated ;  the  surface  of  a  drawing  washed  with  a 
very  dilute  solution  of  chloride  of  cobalt  being  white  until 
dried  before  the  fire,  but  then  becoming  grass-green. 

Sulphate  of  Cobalt. — Co.O  +  SO3  is  obtained  by  treating 
zaflfre  with  sulphuric  acid.  In  its  general  characters,  it  re- 
sembles the  chloride ;  when  heated  strongly,  it  g^ves  off  sul- 
phuric  acid  and  oxide  of  cobalt  remains ;  it  contains  six  atoms 
of  water  of  crystallization,  and  gives  a  double  salt  with  sul« 
phate  of  potash. 

Phosphate  of  Cobalt.— HO.^CoO  +  PO5.  Is  precipitated 
in  dark  violet  flocks  when  solution  of  sulphate  of  cobalt  and 
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phosphate  of  soda  are  mixed  together.  This  substance  is\ 
the  basis  of  a  very  beautiful  pigment^  ThenardCs  blue,  which  is 
prepared  by  mixing  intimately,  one  part  of  phosphate  of 
cobalt  with  two  or  three  of  alumina,  and  exposing  the  mix- 
ture to  an  intense  white  heat  in  a  wind  furnace.  The  blue 
tint  thus  given  to  alumina,  serves  as  a  test  for  that  earth, 
particularly  to  distinguish  it  from  magnesia  by  the  blowpipe. 
(See  pp.  670  and  573). 

Silicate  of  Cobalt  constitutes  the  blue  smalts  employed  to 
tinge  paper  and  to  colour  glass ;  the  finest  kind  is  known  in 
commerce  as  azure.  Its  manufacture  is  conducted  on  the 
great  scale  in  Saxony  and  Sweden,  and  is  the  process  in 
which  most  of  the  arsenic  of  commerce  is  obtained ;  that  being 
expelled  in  the  roasting  of  the  cobalt  ores,  (pp.  545,  618). 
From  the  zaffre,  a  sulphate  of  cobalt  is  prepared,  and  on 
the  other  hand,  a  silicate  of  potash,  by  melting  together  fine 
sand  and  carbonate  of  potash ;  these  solutions  being  mixed, 
silicate  of  cobalt  is  precipitated,  whilst  sulphate  of  potash 
remains  dissolved.  This  precipitate  is  the  best  material  for 
colouring  porcelain  and  glass,  but  the  ordinary  smalts  are 
formed  by  melting  impure  carbonate  of  cobalt  with  potash 
and  quartz  into  a  blue  glass,  which  is  then  reduced  to  im- 
palpable powder,  and  sorted  according  to  the  quality,  for 
commerce. 

Salts  of  Zinc  and  Cadmium. 

Chloride  of  Zinc.—ZnCl.  Eq.  845-9  or  67-78.  May  be 
prepared  by  burning  metallic  zinc  in  chlorine,  or  by  dissolv- 
ing the  metal  in  muriatic  acid.  The  solution  is  colourless ; 
when  evaporated,  it  yields  rhombic  crystals,  which  contain 
water  and  deliquesce  with  extreme  rapidity.  The  dry  salt 
is  white,  and  melts  a  little  above  212^,  so  that  a  solution, 
when  evaporated,  never  becomes  solid.  It  is  hence  some- 
times applied  as  a  bath,  in  place  of  oil  or  fusible  metal,  in 
taking  the  specific  gravity  of  vapours  (p.  10).  From  its 
fusibility  and  softness,  it  had  formerly  the  name  of  butter  of 
zinc.    From  its  affinity  for  water,  it  acts  powerfully  as  a 
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caustic  on  the  living  tissues,  and  is  employed  in  medicine  as 
such. 

Chloride  of  zinc  combines  with  oxide  of  zinc  in  many 
proportions  forming  oxychlorides,  of  which  there  are  three 
worthy  of  notice :  the  first,  which  is  long  known,  is  formed 
by  decomposing  chloride  of  zinc  by  a  small  quantity  of 
ammonia ;  iu  formula  is,  ZnCl  +  SZnO  +  4  Aq.  The  second 
results  from  the  action  of  water  on  the  ammoniacal  chloride 
of  zinc,  its  formula  is  ZnCl  +  6ZnO  +  10  Aq,  and  is  that 
whose  analogies  to  the  liquid  muriatic  acid  have  been  pointed 
out  in  p.  504.  The  third  is  formed  by  acting  on  chloride  of 
zinc  with  an  excess  of  potash,  its  formula  is  ZnCl  +  9ZnO 
+  14  Aq. 

The  bromide  and  iodide  of  zinc  resemble  completely  the 
chloride  m  general  characters;  a  solution  of  iodide  of  zinc  is 
capable  of  dissolving  a  large  quantity  of  iodine. 

Sulphate  of  xinc.—ZnO.SO^  +  7  Aq.  may  be  produced 
by  dissolving  the  metal  in  dilute  sulphuric  acid.  For  the 
purposes  of  the  arts,  it  is  made  upon  the  great  scale  by 
roasting,  in  a  current  of  hot  wr  in  a  reverberatory  furnace,  the 
native  sulphuret  of  zinc,  blende.  The  metal  and  sulphur 
both  combining  with  oxygen,  a  neutral  sulphate  of  the  oxide 
b  formed,  which  being  then  dissolved  out  by  water,  the 
solution  is  evaporated  to  a  pellicle  and  allowed  to  crystallize. 
Sometimes  the  blende,  in  place  of  being  roasted,  is  exposed 
on  sloping  beds,  to  the  action  of  the  air  and  moisture,  when 
it  gradually  attracts  oxygen,  and  is  treated  as  has  been  de- 
scribed under  the  head  of  sulphate  of  iron.  The  crystals 
which  first  form,  are  heated  until  they  undergo  watery  fusion, 
and  are  then  poured  into  conical  moulds,  where  they  solidify, 
and  the  salt  is  thus  sent  into  commerce  in 
masses  like  sugar  loaves:  its  commercial  name 
is  white  vittioL  The  crystals  of  sulphate  .  . 
of  zinc  are  «Uique  rhombic  prisms,  as  in  the  7^4^' 
figure ;  containing  43*9  per  cent,  of  water, 
and  are  soluble  in  two  and  a-balf  times  their 
weight  of  cold  water.  It  is  permanent  in  the 
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air.  It  combines  with  the  alkaline  sulphates,  which  replace  u 
constitutional  water  forming  double  salts,  and  with  oxide  of 
zinc  to  form  basic  salts,  of  which  several  are  known,  and 
which  agree  in  constitution  with  the  oxychlorides  of  zinc. 
Their  composition  has  been  already  noticed  in  p.  678. 

Nitrate  of  Zinc. — ZnO.NOs.  Obtained  by  dissolving  the 
metal  in  dilute  nitric  acid ;  it  crystallizes  in  flat  four-sided 
prisms.  It  is  deliquescent,  and  soluble  in  alcohol. 
No  other  salt  of  zinc  is  of  importance. 
Chloride  of  Cadmium. — Cd.Cl.  Crystallizes  in  large  four- 
sided  prisms  ;  it  is  not  deliquescent.  The  other  salts  of  cad- 
mium resemble  completely  the  corresponding  salts  of  zinc, 
and  do  not  require  notice. 

Salts  oj  Tin. 

Protochloride  of  Tin.— SnCl  +  S  Aq.  Eq.  1177-9  -|- 
337-5  or  94*39  +  27.  This  salt  is  obtained  anhydrous  by 
heating  tin  in  a  current  of  muriatic  acid  gas,  hydrogen  being 
evolved  ;  or  by  distilling  a  mixture  of  equal  parts  of  tin  and 
corrosive  sublimate  in  a  glass  retort,  the  metallic  mercury 
first  passes  over,  and  finally  the  protochloride  of  tin  sublimes 
at  a  strong  red  heat.  It  forms  a  grey  glassy  mass.  In  com- 
bination with  water,  it  may  be  obtained  by  dissolving  tin  in 
strong  muriatic  acid,  until  it  is  saturated,  and  on  evaporation, 
the  salt  crystallizes  in  long  prisms,  which  contain  three  atoms 
of  water.  When  these  crystals  are  heated,  they  first  lose 
water,  but  afterwards  muriatic  acid  passes  ofiT,  and  a  basic 
salt  remains.  This  crystallized  protochloride,  under  the 
name  of  salt  of  tin,  is  used  extensively  in  dyeing,  as  a  mor- 
dant ;  in  its  preparation  on  a  large  scale,  copper  vessels  may 
be  employed  ;  because  as  long  as  any  metallic  tin  is  present, 
the  copper  is  electrically  protected  by  it,  and  is  not  acted  on 
by  the  acid.  This  salt  is  very  soluble  in  water,  but  is  de- 
-^composed  by  a  large  quantity,  a  basic  salt  SnCl  4-  ^^O  be- 
ing thrown  down;  hence,  in  order  to  have  a  dilute  solution 
clear,  it  requires  the  addition  of  a  few  drops  of  muriatic 
acid.     Protochloride  of  tin  is  remarkable  for  its  affinity  for 
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^^0jcygen  and  forchlorine,  it  reduces  the  salts  of  silver,  quick- 
r  silver,  and  gold  to  the  metallic  state,  and  the  salts  of  copper, 
iron,  and  manganese  to  the  lowest  state  of  oxidation.  It  acts 
similarly  on  many  organic  substances,  as  indigo,  litmine, 
orcein;  forming  colourless  compounds,  which  have  some  im- 
portant applications  in  the  art  of  dyeing. 

The  protochloride  of  tin  combines  with  chloride  of  po- 
tassium and  with  sal-ammoniac,  to  form  double  salts,  which 
were  analyzed  by  Apjohn. 

PercUoricte  of  Tin. — SnClj.  Is  prepared  anhydrous  by 
distilling  a  mixture  of  four  parts  of  corrosive  sublimate  and 
one  of  metallic  tin ;  at  a  very  moderate  heat,  a  colourless 
liquid  distills  over,  which  forms  dense  white  fumes  where  it 
comes  into  contact  with  the  air:  this  is  the  bichloride  of  tin, 
the/uming  liquor  ofLibamtis.  Metallic  mercury  remains  in 
the  retort.  This  singular  compound  boils  at  248^  Fah.,  the 
specific  gravity  of  its  vapour  is  9*12.  When  mixed  with  |  its 
weight  of  water  it  solidifies  into  a  crystalline  mass,  and  it  is 
hence  that  it  forms  such  dense  fumes  by  exposure  to  damp 
air.  It  may  be  prepared  in  this  crystallized  form,  by  dis- 
solving tin  in  nitromuriatic  acid  and  evaporating  the  solution; 
or  by  passing  chlorine  into  a  solution  of  protochloride  as 
long  as  it  is  absorbed.  If  the  crystals  be  heated,  they  are 
decomposed,  muriatic  acid  being  given  off  and  peroxide  of 
tin  remfdning. 

Proioiodide  of  Tin. — SnI.  May  be  formed  by  heating  to- 
gether tin  and  iodine,  or  by  mixing  solutions  of  iodide  of  po- 
tassium with  a  slight  excess  of  protochloride  of  tin.  It  is  a 
brownish  red  mass,  soluble  in  water,  and  crystallizing  from 
the  solution  in  long  prisms  of  a  bright  orange  colour.  It  is 
decomposed  by  a  large  quantity  of  water.  It  combines  with 
the  iodide  of  potassium  to  form  a  soluble  double  iodide.  The 
biniodicle  of  tin  crystallizes  in  yellow  needles,  which  are  de- 
composed by  much  water. 

The  bromides  of  tin  are  not  important. 
Proiosulphaie  of  Tin. — SnO.SOa.  Is  formed  when  tin  is 
dissolved  in  strong  sulphuric  acid.     A  saline  mass  is  ob- 
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tained^  which  dissolves  in  water^  giving  a  brown  solution, 
from  which  the  salt  crystallizes  in  small  needles.  BancroJVs 
mordanti  for  dyers,  is  prepared  by  digesting  two  parts  of  tin 
with  three  of  strong  muriatic  acid  for  an  hour,  and  then  add- 
ing one  and  a-half  parts  of  oil  of  vitriol  very  cautiously.  The 
mass  becomes  hot  and  the  tin  is  rapidly  dissolved.  The  heat  is 
to  be  kept  up  on  the  sand-bath  as  long  as  hydrogen  is  evolved. 
The  solution,  on  cooling,  forms  a  crystalline  mass,  which 
is  to  be  dissolved  in  water,  so  that  eight  parts  of  the  solution 
shall  contain  one  of  tin. 

The  sulphuric  and  nitric  acids  may  be  neutralized  by 
freshly  precipitated  per-oxide  of  tin ;  but  these  salts  possess 
very  little  stability,  and  are  of  no  technical  or  scientific  in- 
terest. The  peroxide  of  tin  itself  acts  as  an  acid,  and  its 
relations  to  the  alkalies  have  been  described  in  p.  607. 

The  sulphurets  of  tin  act  as  sulphur  acids,  combining 
with  the  sulphurets  of  the  alkaline  metals.  The  bisulphuret 
forms  with  sulphuret  of  sodium,  acrystallizable  salt,  2  Na.S  + 
Sn.S2+  12Aq.  sulphostannate  of  sodium. 

Salts  of  Chromium  and  Vanadium. 

There  are  two  kinds  of  salts  of  chrome,  one  in  which 
the  oxide  of  chrome  is  the  base,  and  the  other  in  which  the 
chromic  acid  is  combined  with  bases. 

A.  Salts  of  oxide  of  chrome. 

Chloride  of  CArome.— CraClg-Eq.  2031  6  or  162-8.  When 
oxide  of  chrome  is  mixed  with  lampblack,  and  treated  by  a 
current  of  dry  chlorine  at  a  red  heat,  as  described  for  the  pre- 
paration of  the  chlorides  of  silicon  and  aluminum,  the  chloride 
is  obtained  sublimed  in  the  cold  part  of  the  tube  in  peach 
blossom  coloured  scales  of  exceeding  beauty.  It  may  also 
be  obtained  by  dissolving  oxide  of  chrome  in  muriatic  acid, 
and  evaporating  the  solution ;  it  remains  as  a  green  mass,  in 
which  it  is  combined  with  3HO.  When  heated  to  450^  it 
froths  up  very  much,  gives  ofi*  that  water,  and  forms  a  rose 
coloured  mass  not  so  beautiful  as  that  obtained  by  the  pro- 
cess first  described. 

3c 
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Chhrochromic  Acid. — CrCIs  +  2Cr03.  This  singular 
compound  is  obtained  by  melting  together  in  a  crucible  ten 
parts  of  common  salt  and  seventeen  of  bichromate  of  potash ; 
the  melted  mass  is  poured  out  on  a  slab,  and  broken  into 
small  pieces,  ^ith  which  a  tubulated  retort  may  be  filled,  and 
after  a  receiver  and  condensing  apparatus  have  been  attached, 
forty  parts  of  oil  of  vitriol  are  to  be  poured  on  the  mass. 
The  decomposition  occurs  so  violently,  that  in  a  few  minutes 
all  the  product  distills  over  without  the  application  of  ex- 
ternal heat.  This  substance  is  a  thin  blood-red  liquid,  ap- 
pearing black  by  reflected  light;  it  fumes  much  by  exposure 
to  the  air  ;  its  vapour  is  red  like  nitrous  acid.  When  its 
vapour  is  heated  to  redness  it  is  decomposed,  as  described 
in  p.  610.  It  is  decomposed  by  water.  Alcohol  placed  in 
contact  with  it  takes  fire,  burning  with  a  bright  flame  ;  phos- 
phorus acts  in  the  same  way.  This  substance  may  either  be 
looked  upon  as  a  compound  of  perchloride  of  chrome  with 
chromic  acid,  CrCla  +  2Cr03.  or  as  a  compound  of  chlorine 
with  a  deutoxide  of  chrome ;  CrOQCl.  The  analogy  of  the 
sulphuric  to  the  chromic  acid  is  supposed  to  favour  this  lat- 
ter view,  as  also  the  sp.  gr.  of  its  vapour,  which  is  5*9. 

Sulphate  of  Chrome. — Cr203  +  8S  Oa.  May  be  formed  by 
dissolving  oxide  of  chrome  in  dilute  sulphuric  acid,  but  does 
not  crystallize.  Its  only  important  character  is,  that  it  com* 
bines  with  the  sulphates  of  potash  or  of  ammonia  to  form 
double  salts,  the  chrome  alums,  which  crystallize  in  dark  pur- 
ple octohedrons,  and  which  contain  the  same  proportion  of 
acid,  alkali  and  water,  as  common  alum,  but  oxide  of  chrome 
in  place  of  alumina.  The  solution  of  chrome  alum  in  cold 
water  is  purple,  but  when  heated  it  becomes  green,  and  the 
elements  of  the  salt  are  then  found  to  be  no  longer  united, 
as  by  evaporation  they  may  be  separated.  It  would  ap- 
pear, indeed,  that  almost  every  salt  of  chrome  may  exist  in 
either  a  green  or  a  red  condition,  and  that  in  the  former 
they  do  not  crystallize.  The  chrome  alum  is  obtained  abun- 
dantly, by  setting  aside  for  a  few  days  the  residue  of  the  pro- 
cess for  making  aldehyd  as  described  farther  on. 
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The  Perfluoride  of  Chrome,  Cr.Fg,  is  formed  by  acting 
with  oil  of  vitriol  on  a  mixture  of  powdered  fluor  spar  and 
bichromate  of  potash,  in  a  platinum  retort.  It  is  a  gas  of  a 
rich  crimson  colour,  which  can  only  be  collected  in  a  plati- 
num crucible  inverted  in  the  quicksilver  trough.  Its  decom- 
position by  water,  and  the  consequent  formation  of  chromic 
acid  has  been  already  noticed,  p.  611. 

B.  Salts  of  Chromic  Acid. 

ChromaiesofPot(i8h. — The  manufacture  of  the  bichromate 
of  potash,  KO  4-  SCrOa  is  carried  on  extensively,  as  it  is 
from  that  salt  that  all  the  compounds  of  the  metal  used  in 
chemistry  or  in  the  arts  are  prepared.  It  is  made  from  the 
only  abundant  ore  of  chrome,  the  chrome-iron,  FeO  +  Cr^Oa, 
by  the  following  process.  Two  parts  of  the  ore,  ground  to  a 
fine  powder,  are  intimately  mixed  with  one  part  of  saltpetre, 
or  four  parts  of  ore  are  used  with  two  parts  of  pearl  ashes 
and  one  of  saltpetre,  and  the  mixture  exposed  for  several 
hours  on  the  floor  of  a  reverberatory  furnace  to  a  violent 
heat.  Under  the  influence  of  the  potash,  the  oxide  of 
chrome  absorbs  the  oxygen  from  the  air  and  forms  chromic 
acid.  The  calcined  mass  is  lixiviated  with  water  and  a  deep 
yellow  liquor  is  produced,  which  contains  neutral  chromate 
of  potash,  which  may  be  obtained,  crystallized,  by  evapora- 
tion, but  as  this  salt  is  not  well  suited  for  the  purposes  of 
commerce,  it  is  generally  changed  into  the  bichromate  by 
adding  to  the  liquor  a  quantity  of  sulphuric  acid,  which  takes 
one-half  of  the  potash,  and  the  bichromate  is  then  obtained 
by  crystallization  in  tanks  lined  with  lead. 

Bichromate  of  Potash  crystallizes  in  large  four-sided 
prisms  and  square  tables  of  a  rich  orange-red  colour.  It  melts 
easily,  and,  in  cooling,  crystallizes  in  another  form.  It  is 
soluble  in  ten  parts  of  cold  water.  It  is  not  decomposed  ex- 
cept by  a  white  heat,  which  expels  oxygen,  and  leaves  a 
mixture  of  oxide  of  chrome,  and  neutral  chromate  of  potash. 
The  neutral  Chromate  of  Potanh,  KO.CrOa,  may  be  pre- 
pared by  adding  to  a  solution  of  bichromate  of  potash  as 
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much  more  alkali  as  it  already  contained.  It  ia 
soluble  in  twice  its  weight  of  cold  water.  Its 
solution  is  intense  golden  yellow ;  it  crystallizes 
in  rhombic  prisms,  isomorphous  with  those  of 
sulphate  of  potash,  as  in  the  figure,  of  which  it,  n, 
and  tf,  «,  are  primary,  and  t,  m,  are  secondary  planes. 

If  bichromate  of  potash  be  dissolved  in  hot  dilute  nitric 
acid,  d^terehnmuUe  of  potash,  KO.  +  SCrOa  crystallizes  when 
the  solution  cools. 

When  bichromate  of  potash  is  dissolved  in  rather  more 
than  its  own  weight  of  strong  muriatic  acid,  with  a  very 
gentle  heat,  so  that  no  chlorine  shall  be  evolved,  and  that 
the  liquor  shall  retain  its  clear  orange  colour,  a  salt  crystal- 
lizes on  cooling  in  fine  four-sided  prisms,  which  is  very  re- 
markable in  constitution,  consisting  of  an  equivalent  of  chlo- 
ride of  potassium  united  to  two  of  chromic  acid,  KCl+2Cr03. 
None  other  of  the  chromates  of  the  metals  that  have  been 
as  yet  described  possess  interest. 

Vanadium  is  the  basis  of  several  classes  of  salts,  which, 
however,  from  the  exceeding  rarity  of  the  metal,  have  been 
but  little  studied.  The  salts  containing  the  loanadic  oxide 
are  generally  splendid  blue;  those  containing  the  vanadic 
add  as  basis,  are  red  or  yellow,  whilst  those  which  contain 
vanadic  acid  as  acid,  are  colourless,  or  coloured  according 
to  the  nature  of  the  base  with  which  it  may  be  combined. 

SdUs  of  Tungsten,  Molybdenum,  Osmium  and  Columbium. 
Tungsten  <;ombines  directly  with  chlorine  in  two  propor- 
tions, forming  the  bichloride  and  perchloride,  according  as 
the  metal  or  the  gas  is  in  excess.  Both  are  volatile  and 
condense  in  red  needles.  They  are  decomposed  by  water, 
giving  muriatic  acid,  and  tungstic  oxide  WO2,  or  tungstic 
acid,  WO3.  A  chlorotungstic  acid  exists,  WO3CI,  analogous 
to  the  chlorochromic  acid. 

None  of  the  compounds  of  tungsten  with  oxygen  act  as 
bases.  The  nature  of  the  salts  of  tungstic  acid  has  been 
suiBciently  explained  already  in  p.  613. 
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Molybdenum  takes  fire  when  heated  in  a  stream  6f  chlo- 
rine gas,  and  forms  the  terchhride^  M0.CI3,  which  crystal- 
lizes in  the  cold  part  of  the  tube  in  brilliant  black  scales,  like 
iodine.  Its  vapour  is  dark  red.  Two  other  chlorides  of  this 
metal  MoCl  and  M0CI2,  are  known  to  exist. 

The  protoxide  of  molybdenum  forms  salts  with  the  oxy- 
gen  acids,  which  are  purple  or  black  coloured,  and  are  very 
easily  decomposed  by  beat.  Thus,  the  sulphate  is  resolved 
into  sulphurous  acid  gas  and  molybdic  oxide.  The  molybdic 
oxide  also  forms  a  series  of  salts,  generally  red  coloured, 
which  do  not  possess  any  special  interest.  The  molybdic 
acid  forms  two  series  of  salts,  in  one  of  which  it  acts  as  base 
and  in  the  other  as  an  acid. 

Omnium  is  the  basis  of  several  classes  of  salts  which  are 
as  yet  very  little  known.  When  metallic  osmium  is  heated  in 
a  stream  of  dry  chlorine,  in  a  long  glass  tube,  a  volatile  mix- 
ture of  protocbloride  and  perchloride  of  osmium  is  produced^ 
The  former,  which  is  the  less  volatile,  condenses  near  the 
heat  in  long  needles  of  a  fine  green  colour ;  whilst  the  latter,, 
being  carried  much  further  by  the  current  of  gas,,  is  depo- 
sited as  a  red  powder  destitute  of  any  crystalline  texture. 
Both  these  salts  combine  with  the  alkaline  chlorides  forming 
double  salts.  All  three  oxides  of  osmium  combine  with  the 
oxygen  acids  to  form  salts  which  do  not  crystallize,  and  have 
been  very  little  studied. 

Columbium  forms  a  volatile  chloride.  Its  oxide,  Ta029 
does  not  combine  with  acids,  and  the  columbic  acid  forms 
salts  which  are  not  of  practical  importance. 

Salts  of  Arsenic. 

Chloride  of  Arsenic.— A%  CI3.  Eq.  22680  or  181-74.  Is 
formed  when  the  metal  burns  spontaneously  in  chlorine ;  it 
is  a  volatile  liquid  which  forms  dense  white  fumes  on  expo- 
sure to  the  air.  It  may  be  obtained  also  by  mixing  inti- 
mately one  part  of  arsenious  acid,  and  three  of  common  salt ; 
putting  them  into  a  retort  to  which  a  condenser  is  attached, 
and  adding  four  parts  of  oil  of  vitriol.     By  a  moderate  heat 
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the  chloride  of  arsenic  distils  over  as  a  dense  liquid.  By 
much  water  it  is  resolved  into  arsenious  and  muriatic  acids. 
The  sp.  gr.  of  its  vapour  is  6295. 

Iodide  of  Arsenic. — A8.I3.  Is  best  prepared  by  digesting 
one  part  of  arsenic  with  five  of  iodine  and  fifty  of  water, 
until  the  iodine  disappears ;  on  cooling,  the  iodide  separates 
in  orange-red  crystals.  It  is  decomposed  by  water  into 
hydriodic  and  arsenious  acids.  The  bromide  of  arsenic  may 
be  similarly  formed. 

Arsenic  does  not  form  any  compound  with  chlorine,  bro- 
mine, or  iodine  analogous  to  arsenic  acid. 

Neither  compound  of  arsenic  with  oxygen  is  capable  of 
acting  as  a  base,  and  hence  the  only  classes  of  salts  of  arse- 
nious.or  arsenic  acids,  are  those  in  which  they  constitute  the 
electro-negative  element. 

Arsenious  Acid  is  dissolved  in  large  quantities  by  the 
caustic  and  carbonated  alkalies,  hut  the  salts  thus  formed 
cannot  be  obtained  crystallized,  and  appear  to  be  very  in- 
definite in  constitution.  The  combinations  of  arsenious  acid 
with  the  earths  are  white  powders,  of  which  the  only  one  of 
interest  is  arseniie  ofUme,  HO.SCaO-f-AsOa,  which  pre- 
cipitates when  arsenious  acid  is  mixed  with  lime  water,  or 
arsenite  of  potash  with  a  salt  of  lime.  It  is  redissolved  by 
an  excess  of  any  acid. 

Arsenious  acid  is  decomposed  by  peroxide  of  iron,  an 
arseniateof  the  protoxide  being  produced;  on  this  is  founded 
the  efficacy  of  the  peroxide  of  iron  as  an  antidote  to  the 
poisonous  effects  of  arsenious  acid,  (see  p.  681.) 

The  arsenite  of  cobalt  is  found  native,  as  a  rose-red 
powder,  and  the  arsenite  of  nickel  exists  as  a  mineral  of  a 
pale  green  colour ;  both  contain  combined  water.  The  arse- 
nites  of  copper  and  silver  will  be  described  under  the  heads 
of  those  metals,  and  have  been  already  noticed  in  pp.  625, 
et  seq. 

The  constitution  of  the  salts  of  arsenic  acid,  has  been 
already  mentioned  in  p.  621.  They  are  all  tribasic,  and  are 
isomorphous  with  the  corresponding  tribasic   phosphates. 
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Some  of  them  are  of  technical  and  medicinal  importance. 

The  neutral  arseniate  of  potash,  HO.SKO  4.  AsOs  forms  a 

deliquescent  salbe  mass.     The  binarseniate  of  potash,  2H0. 

KO  +  AsOsy  is  formed  by  adding  to  the  former,  as  much 

arsenious  acid  as  it  already  contained,  or  by  igniting  in  a 

crucible,  equal  weights  of  acsfinimss  acid  and  nitrate  of  ^lyy^^^if<^ 

potash ;  red  fumes  are  given  off,  and  on  dissolving  the  resi- 

dual  mass  in  boiling  water,  the  salt  is  obtained  in  large 

crystals  which  are  modifications  of  the  square  octohedron. 

There  are  three  arseniates  of  soda  which  resemble  the 
three  tribasic  phosphates  of  soda.  The  first  (3NaO  +  AsOs) 
+  24  Aq.  is  obtained  by  igniting  arsenic  acid  with  an  excess 
of  carbonate  of  soda.  When  a  solution  of  arsenic  acid  is 
neutralized  bycarbonateof  soda,  the  salt  H0.2NaO  +  AsOs 
is  obtained,  which  may  be  had  either  with  24  Aq.  or  14  Aq. 
according  to  the  temperature  at  which  it  crystallizes.  The 
binarseniate  of  soda  SHO.NaO  +  AsOs  resembles  the  cor- 
responding salt  of  phosphoric  acid. 

The  arseniates  of  the  earths  are  white  powders  insoluble        % 
in  water,  but  soluble  in  an  excess  of  any  acid. 

Arseniatesqflron. — Thatof  the  protoxide,  H0.2Fe  +  AsO^ 
is  a  white  powder,  which,  by  exposure  to  the  air,  gra- 
duaUy  becomes  green  by  absorbing  oxygen,  thereby  ap- 
proaching to  the  constitution  of  the  native  arseniate  of  iron  in 
which  the  iron  is  in  the  state  of  black  magnetic  oxide.  This 
salt  corresponds  to  the  blue  phosphate  of  iron ;  its  formula 
being  (2FeO.HO  +  AsOft)  +  2Fe5i03.As05  +  12  Aq. 

The  perarseniate  of  iron  is  a  white  powder,  which,  when 
heated,  gives  off  12  Aq.  and  becomes  red  ;  it  has  the  sin- 
gular property  of  dissolving  totally  in  water  of  ammonia. 

Arseniate  of  nickel  is  a  pale  green  powder.  Arseniate  qf 
cobaU  is  a  rose-red  powder,  and  may  be  used  in  place  of 
phosphate  of  cobalt  in  preparing  Thenard's  blue  (p.  737). 
It  is  prepared  on  the  large  scale  by  roasting  the  native 
arseniuret  of  cobalt,  C03A8. 

The  sulphur  salts  of  arsenic  are  some  of  the  best  charac- 
terized among  that  class   (p.  623).    There  are  three  sul- 
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phoarseniates  qfpotaitium  having  respectively  the  fonnuls, 
(S,KS  +  A8S5),  (2.KS  +  A8S5)  and  (KS  +  AsS^)-  They 
are  all  deliquescent^  and  crystallize  with  water.  It  would 
be  very  interesting  to  find  whether  the  second  and  third 
salts  contain  basic  water,  such  as  would  keep  up  the  tribasic 
character  of  the  first.  The  sulphaarseniates  of  sodium  re- 
semble those  of  potassium.  The  basic  salt  (3.NaS  4-  AsSs 
4-  1^  Aq.)  crystallizes  in  large  colourless  rhomboidal  tables. 
When  orpiment  is  dissolved  in  solution  of  sulphuret  of  potas- 
sium, sulphoarsenUe  of  potassium  is  obtained,  KS  +  AsS^* 
which,  when  evaporated,  is  decomposed,  and  deposits  a 
brown  powder,  which  consists  of  K.As.Sa  and  appears  to  con- 
tain a  bisulphuret  of  arsenic  AsS^  combined  with  K.S,  which 
is  decomposed  when  separated  from  the  state  of  combi- 
nation. 

Salts  of  Aniimony. 

Sesquichloride  of  Antimony.— ShC\^  Eq.  8383-5  or27M 
To  obtain  this  salt  completely  pure,  sulphuret  of  antimony 
in  fine  powder  is  to  be  mixed  with  its  own  weight  of  corro- 
sive sublimate,  and  distilled  in  a  hard  glass  retort.    The 
chloride  of  antimony  distils  over  with  a  gentle  heat,  as  an  oily 
liquid,  which  gradually  solidifies   into  a  white  crystalline 
mass.    It  is  very  deliquescent,  and  becomes  soft  on  expo- 
sure to  the  air,  whence  its  old  name  of  butter  of  antimony;  it 
may  be  obtained  more  cheaply  for  surgical  use,  but  not  quite 
dry,  by  mixing  together  two  parts  of  fine  common  salt,  and 
one  of  crocus  of  antimony,  (oxysulphuret,  see  p.  633),  and 
distilling  them  in  a  retort,  with  one  part  of  strong  oil  of 
vitriol.     Chloride  of  antimony  distils  over,  and  there  remains 
behind,  sulphate  of  soda  mixed  with  sulphuret  of  antimony. 
In  this  operation,  the  crocus  antimonii  being  2SbS3  -}-  SbO^, 
the  former  remains  passive,  but  the  latter  acting  on  SNaCl 
and  3SO3  produces  SbCIa  and  S.NaO.SOs.    As  there  is, 
however,  some  water  supplied  by  the  oil  of  vitriol,  the  pro- 
duct is  not  solid.    It  is,  however,  quite  strong  enough  for  its 
successful  application  as  a  caustic. 
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When  chloride  of  antimony  is  put  in  contact  with  much 
water,  both  are  decomposed,  and  a  white  oxychloride  is  pre- 
cipitated, called  powder  of  Algarotti^  from  the  name  of  its 
discoverer.  If  the  water  be  hot,  the  precipitate  is  distinctly 
crystallized.  In  it  one-fourth  of  the  metal  is  combined  with 
chlorine,  and  three-fourths  with  oxygen,  it  contains  also 
water,  its  formula  being,  according  to  Berzelius,  SbCla  + 
S.SbOa  -h  3Aq.  The  formula  given  by  Malaguti  and  John- 
stone, is  2.SbCl3  +  9.Sb03  and  it  is  possible  that  there  are 
two  oxychlorides  which  may  be  produced  separately,  or  mixed, 
according  to  the  circumstances  of  the  precipitation.  This 
oxychloride  is  employed  to  furnish  oxide  of  antimony  in  the 
preparation  of  tartar  emetic,  and  of  some  other  salts  of  anti- 
timony. 

The  terchloride  of  antimony  combines  with  the  chlorides 
of  the  alkaline  metals  forming  double  salts,  consisting  of 
an  equivalent  of  each  constituent. 

PerclUaride  of  Antimony. — SbCIs  is  formed  when  metallic 
antimony  is  burned  in  chlorine  gas.  It  is  a  heavy  liquid 
which  fumes  in  the  air,  and  has  a  very  bad  smell ;  with  a 
small  quantity  of  water,  it  forms  crystals  (hydrate) ;  with  a 
large  quantity  of  water,  it  gives  antimonic  and  muriatic 
adds :  it  is  formed  also,  by  heating  sulphuret  of  antimony  in 
chlorine  gas. 

The  bromide  and  iodide  of  antimony  are  prepared  by  the 
direct  combination  of  their  elements ;  the  operation  does  not 
require  external  heat ;  the  former  is  colourless ;  the  latter 
orange*red.  lliey  are  both  easily  fusible,  volatile,  and  de- 
composed by  water. 

The  sulphurets  of  antimony  act  as  sulphur  acids,  (pp. 
635,  637)  combining  with  the  sulphurets  of  the  alkaline 
metals  to  form  double  salts,  of  which  several  may  be  crys- 
tallized in  large  rhomboidal  tables,  perfectly  colourless. 
The  basic  hyposulphoantimonite  of  potassium  which  remains 
in  solution  after  the  precipitation  of  Kermes  by  cooling,  crys- 
tallizes on  evaporation,  in  colourless  deliquescent  plates. 

The  sesquioxide  of  antimony  combines  with  oxygen  acids 
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When  heated^  they  give  off  water,  and  the  dry  chloride  re- 
mains as  a  brown  powder,  which  recombines  with  water, 
with  the  evolution  of  mach  heat.  Strongly  heated,  it  fuses, 
gives  off  half  its  chlorine,  and  ihentbchlarideremBina^  melted 
into  a  brown  resinous-looking  mass,  whence  its  name  of  re- 
sina  cupri.  By  the  action  of  an  alkali  on  a  solution  of  chlo- 
ride of  copper,  an  oxychloride  may  be  formed,  which  pre- 
cipitates as  a  fine  green  powder,  having  the  formula  CuCl  + 
SCuO  +  Aq.,  and  which  is  used  as  a  pigment  by  the  name  of 
Brunstpici  green.  There  exists  two  other  oxychlorides  of 
copper  which  have  the  formulas  CuCl  +  2CuO  4-  3Aq.,  and 
Cu  CI  -I-  4CuO  +  6HO,  prepared  by  the  decomposition  of 
the  ammoniacal  chlorides  of  copper. 

The  SubcUorideof  Copper,  Cu^Cl,  may  be  prepared  either 
by  heating  the  chloride,  as  above,  or  by  digesting  the  clip- 
pings of  thin  copper  in  a  strong  solution  of  chloride  of  cop- 
per, to  which  some  muriatic  acid  had  been  added.  The 
liquor  gradually  acquires  an  olive  colour,  and  the  subchloride 
is  deposited  in  the  form  of  a  white  powder.  In  this  case,  the 
CuCl  combines  with  a  second  equivalent  of  copper,  forming 
CU2CI.  It  also  precipitates  when  chloride  of  copper  is  acted 
on  by  protochloride  of  tin,  2.CuCl  and  SnCl  producing  CuaCl 
and  SnCl2.  This  subchloride  is  insoluble  in  water ;  it  dis- 
solves in  muriatic  acid,  which  lets  it  fall  by  dilution  with 
water.  It  absorbs  oxygen  rapidly  from  the  air,  and  becomes 
green.  It  forms  with  water  of  ammonia  a  colourless  solu- 
tion, which  rapidly  becomes  blue  on  exposure  to  the  air. 

Both  chlorides  of  copper  combine  with  the  chlorides  of  the 
alkaline  metals,  to  form  double  salts. 

The  Bromide  and  Subbromide  of  Copper,  CuBr  and 
CuaBr,  resemble  in  every  respect  the  chlorides  just  de- 
scribed. 

The  Iodide  of  Copper,  Cul,  does  not  appear  to  exist 
except  in  combination.  If  solutions  of  iodide  of  potassium 
and  chloride  of  copper  be  mixed,  the  subiodide  is  precipi- 
tated whilst  half  the  iodine  is  set  free,  2.Cu.Cl  and  2.K.I,  pro- 
ducing 2.K.C1  and  Cual,  with  free  I.    But  if  an  excess  of 
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iodide  of  potassium  be  added,  these  elements  recombine,  and 
a  double  salt,  Cul  +  KI  may  be  obtained.  The  preparation 
of  the  subiodide  of  copper,  just  given,  involves  the  loss  of 
an  atom  of  iodine,  which  is  avoided  by  previously  mixing  the 
liquor  with  an  excess  of  solution  of  protosulphate  of  iron, 
by  which  the  copper  salt  is  reduced  to  the  state  of  sub- 
oxide, and  all  the  iodine  then  precipitated  as  subiodide. 
Thus  made,  it  is  a  pale  yellow  powder,  unaltered  by  the 
air. 

Sulphate  of  Copper.— CUO.SO3  HO  +  4Aq.  Eq.  996*9  + 
562'5,  or  79-9  +45.  For  the  purposes  of  the  arts,  in  which 
this  salt  is  extensively  employed,  it  is  prepared  by  treating 
the  native  sulphuret  of  copper,  in  the  manner  described 
under  the  head  of  the  sulphates  of  iron  and  zinc.  It  may  also 
be  obtained  by  boiling  oil  of  vitriol  on  metallic  copper,  when 
sulphurous  acid  gas  is  given  off,  or  by  acting  on  the  metal 
with  dilute  sulphuric  acid  to  which  some  nitric  acid  had  been 
added.  It  crystallizes  in  large  doubly  oblique  rhombs,  of  a 
fine  blue  colour,  whence  its  name,  blue  vitriol.   In  the  figure 

the  primary  rhomb,  and  the  most  usual 

.<--""""^  \  *-,^-''-^v  \  secondary  form  are  given,  i,  w,  1?,  mark- 
X^^"'"^  \  ^^'""^'^  ing  the  primary  planes  in  each.  These 
crystals  dissolve  in  four  parts  of  cold  and 
two  of  boiling  water.  Of  the  five  atoms 
of  water  which  it  contains,  one  is  consti- 
tutional, and  may  be  replaced  by  the 
alkaline  sulphates,  to  form  a  class  of  double  salts  of  great 
beauty.  By  the  action  of  a  small  quantity  of  ammonia,  a 
&a«tc«t«(pAa/^  is  obtained,  of  which  the  formula  is  CuO.SOa  + 
3CuO  +  4Aq.  and  another  containing  CuO.SOj  +  7CuO  + 
12  Aq.  is  occasionally  observed  to  form. 

TSlitrate  of  Copper.— CxxO.^Ot  +  3Aq.  This  salt  is  ob- 
tained when  copper  is  dissolved  in  dilute  nitric  acid;  it  crys- 
tallizes in  oblique  rhombs  of  a  rich  blue  colour,  and  some- 
tiroes  in  paler  rhomboidal  plates,  which  contain  6  Aq.  This 
salt  deflagrates  violently  when  thrown  on  burning  coals,  or 
when  struck  on  an  anvil  with  a  little  phosphorus.     If  some 
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of  it  be  wrapped  up  tight  in  tinfoil,  it  becomes  very  hot,  swells 
up,  fumes,  and  oxidizes  the  tin  so  rapidly,  that  in  some  points 
brilliant  sparks  are  thrown  out.  When  heated  above  200^,  it 
loses  acid,  and  a  basic  nitrate  remains,  which  may  also  be 
formed,  by  adding  a  small  quantity  of  ammonia  to  a  solution 
of  the  neutral  salt.  The  formula  of  the  basic  salt  is  HO.NO5+ 
3CuO. 

Phosphate  of  Copper,  H0.2CuO  +  POs,  and  the  ar- 
eeniate  of  copper  HO.^CuO+AsOs  are  pale  green  powders, 
obtained  by  double  decomposition. 

Arsenite  of  Copper. — H0.2CuO  +  AsOj.  Is  obtained 
by  the  decomposition  of  arsenite  of  potash  and  sulphate  of 
copper ;  it  is  a  fine  apple-green  powder,  the  importance  of 
which,  as  a  test  for  arsenic,  has  been  already  discussed,  (p. 
625).  It  is  employed  in  the  arts  under  the  name  of  Scheele^s 
green,  as  a  pigment,  and  is  prepared  on  the  large  scale,  by 
dissolving  two  pounds  of  pure  sulphate  of  copper  in  twelve 
quarts  of  water,  previously  heated  in  a  copper  pan.  In  ano- 
ther pan,  two  pounds  of  pure  calcined  pearlash  are  dis- 
solved, with  eleven  ounces  of  arsenious  acid,  in  four  quarts  of 
pure  water.  Both  liquors  are  strained*  through  linen,  and 
then  the  arsenical  solution  is  gradually  added  to  the  solu- 
tion of  copper.  The  precipitate  is  collected  on  a  cloth,  and 
carefully  dried.  The  produce  should  be  1  lb.  B\  oz.  A  still 
more  beautiful  pigment,  which  may  be  best  described  here, 
is  prepared  under  the  name  of  Schweinfurt  green  or  Emerald 
green;  it  b  a  compound  of  acetate  of  copper,  and  arsenite  of 
copper,  CuO.A  4-  3(H0.2CuO  +  AsOa).  It  is  prepared  by 
mixing  up  ten  parts  of  pure  verdigrease  with  as  much  hot 
water  as  will  make  it  into  a  thin  pulp,  and  straining  it 
through  a  sieve,  to  separate  the  impurities:  nine  or  ten 
parts  of  arsenious  acid  are  to  be  then  dissolved  in  100  parts 
of  boiling  water,  and  whilst  boiling,  the  verdigrease  pulp  is  to 
be  gradually  added  thereto,  continually  stirring.  At  first,  a 
mere  arsenite  of  copper  falls,  and  all  the  acetic  acid  remains 
in  the  liquor ;  it  being  only  after  much  agitation  that  the 
double  salt  is  produced,  which  is  known  by  the  light  floccu- 
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lent  precipitate  changing  into  a  heavy  granular  powder  of  a 
brilliant  green  colour. 

The  salts  of  the  suboxide  of  copper  with  the  oxygen 
acids  possess  no  practical  interest. 

Salts  of  Lead. 

Chloride  of  Lead. — Pb.Cl.  May  be  produced  by  boiling 
lead  in  strong  muriatic  acid,  or  by  acting  on  oxide  of  lead 
with  the  same  acid  ;  but  more  simply,  by  adding  to  any  so- 
luble salt  of  lead  a  solution  of  chloride  of  sodium.  A  curdy 
white  precipitate  falls^  which  dissolves  in  boiling  water,  and 
on  coohng,  crystallizes  in  opaque  plates,  of  a  pearly  lustre, 
which  do  uot  contain  water.  This  salt  requires  135  parts  of 
cold  water  to  dissolve  it,  but  is  much  more  soluble  in  boiling 
water.  It  is  easily  fused,  and,  on  cooling,  forms  a  semi- 
transparent  mass,  like  horn,  whence  the  old  name  plumbum 
comeum.  By  the  action  of  ammonia  on  chloride  of  lead,  se- 
veral oxychlorides  may  be  formed,  of  which  none  are  now  of 
interest. 

Bromide  of  lead  resembles  perfectly  the  chloride. 

Iodide  of  Lead. — Fb.I.  Is  formed  by  adding  iodide  of 
potassium,  to  a  solution  of  nitrate  of  lead ;  a  bright  lemon-yellow 
precipitate  falls,  which  requires  1235  parts  of  cold,  and  but 
194*  of  boiling  water  to  dissolve  it.  The  solution  is  colourless, 
and  on  cooling  deposits  the  iodide  of  lead  in  splendid  gold- 
coloured  six-sided  plates,  which  maintain  their  metallic  lustre 
perfectly  in  drying.  The  iodide  of  lead  forms  double  salts 
with  the  alkaline  iodides,  and  gives  with  ammonia  oxyiodides 
when  the  alkali  is  not  in  excess. 

Sulphate  of  Lead. — PbO.SOa.  This  salt  is  found  in  the 
mineral  kingdom,  in  large  transparent  rhombs,  isomorphous 
with  sulphate  of  barytes,  and  of  which  the  octohedron  f,  y, 
in  the  figure  is  the  primary  form.  It  may  be  also  formed  by 
adding  to  any  solution  containing  lead,  sul- 
phuric acid,  or  a  sulphate.  It  falls  down  as 
a  white  powder,  which,  from  its  insolubility, 
furnishes  a  good  test  for  lead.  When  strongly 
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ignited,  it  melts  without  decomposition!  but  with  charcoal 
it  is  reduced  to  sulphurct  of  lead.  The  sulphate  of  lead  is 
soluble  in  strong  acids^  and  hence  the  oil  of  vitriol,  manu- 
factured in  leaden  chambers,  generally  contains  a  small 
Cjuantity  of  it  dissolved,  which  is  precipitated  on  the  addi- 
tion of  water. 

Nitrate  of  Lead, — ^PbO.NO^  Is  obtained  by  dissolving 
lead  in  dilute  nitric  acid  and  evaporating.  It  crystallises  ia 
regular  octohedrons,  often  modified,  which  are  generally 
opaque  ;  it  is  soluble  in  seven  and  a-half  parts  of  cold,  and 
much  less  of  boiling  water.  It  is  not  soluble  in  nitric  acid. 
When  heated,  it  gives  out  a  mixture  of  oxygen  and  nitrous 
acid  gases,  (p.  448),  and  leaves  melted  protoxide  of  lead. 
By  the  action  of  ammonia,  a  series  of  basic  salts  are  ob- 
tained, which  contain  two,  three,  and  six  atoms  of  oxide  of 
lead  united  to  one  of  nitric  acid. 

When  a  solution  of  nitrate  of  lead  is  boiled  on  finely  di- 
vided metallic  lead,  this  dissolves,  and  on  cooling,  brilliant 
yellow  plates  are  deposited,  which  are  basic  nitrite  of  lead, 
2PbO  +  NO4.  By  adding  sulphuric  acid  to  a  solution  of 
this  salt,  a  neutral  nitrite  is  obtained,  PbO.N04  -)-  HO. 
which  crystallizes  in  yellow  octohedrons.  If  an  excess  of 
lead  be  used  in  the  preparation  of  the  nitrite,  the  acid  is 
still  further  deoxidized,  and  a  hyponitrite  oflead,  3PbO  -)- 
NOa  +  SAq.  is  produced,  which  crystallizes  in  rose-red 
scales.  These  salts  are  of  interest,  as  it  was  doubted  whe- 
ther the  nitrous  acid  (NO4)  could  combine  with  bases,  and  it 
is  only  in  these  cases  that  we  have  obtained  positive  evi- 
dence of  its  doing  so,  which  we  owe  to  Feligot. 

Phosphate  of  Lead.— H0.2PbO  +  PO5.  Is  formed  by 
the  action  of  common  tribasic  phosphate  of  soda  on  a  so- 
lution of  nitrate  of  lead;  it  is  a  white  powder,  which  b 
changed  by  ammonia  into  3PbO  -f-  PO5. 

Silicate  of  lead  has  been  noticed  in  relation  to  crystal 
and  to  flint  glass. 

Chromate  of  Lead — PbO.CrOa. — Chrome-yellowj  is  formed 
by  mixing  together  solutions  of  nitrate  of  lead  and  bichromate 
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of  potash.  It  precipitates  as  a  fine  lemon  yellow  powder,  inso- 
luble in  water.  It  occurs  native  in  ruby-red  crystals,  consti- 
tuting the  red  lead  ore*  This  salt  is  manufactured  largely  for  a 
pigment,  which  is  found  of  various  shades  of  yellowand  orange 
in  the  market,  being  mixtures  of  the  true  neutral  chromate, 
prepared  as  above,  with  the  basic  chromate  of  lead  2PbO  + 
CrOa,  which  is  of  a  bright  vermilion  colour,  and  is  termed 
Chrome  red.  This  may  be  prepared  by  adding  potash  to  a 
solution  of  chromate  of  potash  until  this  reacts  strongly  alka- 
line, and  then  mixing  it  with  nitrate  of  lead ;  or  by  digesting 
the  neutral  chromate  of  lead  in  a  warm  solution  of  potash, 
which  removes  half  the  acid.  These  give  products,  how- 
ever, inferior  in  brilliancy  of  tint  to  the  following.  Saltpetre 
is  to  be  melted  in  a  crucible  at  a  dull  red  heat,  and  chrome 
yellow  gradually  added  thereto,  as  long  as  effervescence 
with  escape  of  red  fumes  occurs.  The  potash  abandons  the 
nitric  acid  and  takes  half  the  chromicacid,  and  basic  chromate 
of  lead  is  formed.  The  mass  becomes  black  and  is  then  to 
be  allowed  to  settle,  and  the  melted  salt  poured  off  from  the 
heavy  powder  at  the  bottom;  this,  when  cold,  becomes  of  a 
splendid  vermilion  red,  and  is  to  be  taken  out  and  washed 
with  the  smallest  possible  quantity  of  water. 

Salts  of  Bismuth. 

Chloride  of  Bismuth. — Bi^Cla.  Is  formed  by  dissolving 
bismuth  in  hot  strong  muriatic  acid ;  by  evaporation  it  forms 
a  crystalline  mass  which  is  very  deliquescent,  volatile,  and  fu- 
sible. By  water  it  is  decomposed,  giving  the  oxychloride  of 
bismuth,  a  white  powder,  having  the  composition  BiaCls  -f- 
SBI1O3  -}-  3H0.  In  the  arts  this  powder  is  sometimes  em- 
ployed under  the  name  of  Spanish  white  or  pearl  white. 

The  chloride  of  bismuth  combines  with  the  chlorides  of 
the  alkaline  metals,  forming  double  salts,  in  which  the  chlo- 
rine combined  with  the  bismuth  is  to  that  combined  with  the 
other  metal,  as  three  to  two.  In  the  double  salts  formed  by 
protocKlorides,  this  relation  is  never  observed,  and  henoe  it 
furnishes  additional  proof  that  the  chloride  of  bismuth  is  a 
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sesqui-chloridei  on  which  idea  the  formulae  become  2KC1  + 
BiaCla  +  2Aq.  and  2NaCl  +  BiaClg  +  3Aq. 

Sulphate  of  Bismuth.— Bi^Oz  +  3.SO3.  Is  formed  by  dis- 
solving bismuth  in  hot  sulphuric  acid.  It  forms  a  deliques- 
cent mass  of  acicular  crystals,  which  are  decomposed  by 
water,  giving  a  white  powder,  the  basic  sulphate  of  bismuth 
Bi^Oa  +  SO3. 

The  Nitrate  o/"  ^iwwaa.— BiaOa  +  SNOs  +  9Aq,     Is 
formed  by  dissolving  the  metal  in  dilute  nitric  acid;  by  eva- 
poration and  cooling  rhomboidal  crystals  are  obtained,  which 
easily  deliquesce ;  when  heated,  they  lose  water  and  nitric 
acid,  and  form  a  basic  salt^  and  finally  oxide  of  bismuth  re- 
mains behind.    Like  the  other  salts  of  bismuth,  this  is  de- 
composed by  water,  and  may  produce  one  or  other  of  two 
basic  salts,  according  to  circumstances.     When  the  crys- 
tals, without  any  excess  of  acid,  are  decomposed  by  water, 
the  precipitate  has  the  composition,  4Bi203  +  SNOs  +  9HO; 
whilst,  if  an  acid  liquor  be  decomposed  by  water,  the  preci- 
pitate has  the  formula  BiOa  +  NO^.    Both  of  these  salts 
yield  very  nearly  the  same  quantity  of  oxide  of  bismuth  on 
analysis,  and  were  hence  long  confounded  together.  Many 
reasons  for  considering  the  oxide  of  bismuth  to  be  a  sesqui- 
oxide  have  been  given  (p.  653).    These  subnitrates  of  bis- 
muth are  used  indiscriminately  in  medicine,  but  the  latter 
form  is  more  generally  found  in  the  shops.  The  name  pearl* 
white,  &c.,  are  also  applied  to  these  bodies. 

Salts  of  Siher. 
Chloride  of  Silver — AgCl.  Eq.  1794*3  or  143-8.  Exists 
native  as  an  ore  of  silver,  horn  silver,  and  may  be  formed  by 
mixing  a  solution  of  common  salt  with  a  soluble  salt  of  sil- 
ver. It  forms  a  curdy  white  precipitate,  perfectly  insoluble 
in  water  and  in  acids,  but  easily  soluble  in  water  of  am- 
monia. When  heated,  it  fuses^  below  redness,  and,  on 
cooling,  congeals  into  a  semitransparent  mass,  of  a  horny 
aspect,  whence  its  old  name.  When  freshly  precipitated,  it 
is  exceedingly  sensible  to  the  action  of  light,  becoming  pink> 
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violeti  and  ultimately  blacky  by  exposure  to  the  sun's  rays ; 
but  for  this  reaction,  it  is  necessary  that  organic  matter 
or  water  should  be  present,  with  the  hydrogen  of  which 
the  chlorine  may  combine,  and  that  thus  a  thin  layer  of 
subchloride  or  of  metal  may  be  produced.  The  relations  of 
chloride  of  silver  to  light  are  of  the  highest  importance  in 
photography,  and  in  examining  the  structure  of  the  solar 
rays,  as  noticed  in  pp.  279,  ei  seq.  The  processes  for  the 
reduction  of  chloride  of  silver  to  the  metallic  state  have  been 
described  in  pp.  546,  547. 

Iodide  of  Silver.-- Agh  Is  obtained  by  decomposing  a 
soluble  salt  of  silver  by  iodide  of  potassium ;  a  primrose-yellow 
precipitate  faU8,^  which  is  insoluble  in  water  and  in  ammonia, 
at  least  it  requires  S500  parts  of  strong  water  of  ammonia  to 
dissolve  one  of  iodide  of  silver.  It  is  easily  fusiblci  and 
becomes  opaque  on  cooling.  In  certain  forms  it  is  still 
more  sensible  to  light  than  the  chloride,  and  is  hence  the 
basis  of  the  impression  in  the  photographic  process  of  Da- 
guerre  (see  p.  S82).  It  is  reduced  to  the  metallic  state  by 
the  same  means  as  the  chloride. 

Bromide  of  Silver. — AgBr.  Resembles  the  chloride  in 
every  particular  respect. 

Sulphate  of  Silver. — AgO.SOa.  Is  formed  by  boiling  me- 
tallic silver  in  oil  of  vitriol ;  sulphurous  gas  is  given  off,  and  a 
white  saline  mass  formed,  which,  when  more  strongly  heated, 
is  totally  decomposed,  leaving  metallic  silver.  This  salt  dis- 
solves in  eighty-eight  parts  of  boiling  water,  and  crystallizes 
on  cooling,  in  small  needles. 

HyposulphUe  of  Silver. — SAgO  +  S9O2  The  relations  of 
hyposulphurous  acid  to  oxide  of  silver,  are  very  curious.  On 
adding  a  neutral  solution  of  nitrate  of  silver  to  a  solution  of 
hyposulphite  of  soda,  a  white  precipitate  appears,  which  at 
first  redissolves,  but  subsequently  becomes  permanent.  It 
soon  loses  its  pure  colour,  especially  if  heated,  and  at  last 
becomes  black  from  sulphuret  of  silver,  whilst  the  liquor 
contains  sulphate  of  silver  ;  thus  3AgO  +  S2O3  produce 
AgS  and  AgO^SOs.    The  solution  of  this  salt  is  extremely 
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sweet.  So  great  is  the  affinity  of  hyposulphurous  acid  to  oxide 
of  silver,  that  a  solution  of  it  dissolves  chloride  of  silver, 
forming  an  intensely  sweet  liquor;  and  the  solutions  of  the 
alkaline  and  earthy  hyposulphites  dissolve  all  the  salts  of 
silver  insoluble  in  water,  except  the  arseniate  and  the  iodide, 
and  form  double  salts,  of  exceedingly  sweet  taste.  The 
double  hyposulphites  contain  generally  one  equivalent  of  hy- 
posulphite of  silver  to  two  of  the  other  salt,  but  our  know- 
ledge of  these  salts  is  not  as  yet  by  any  means  complete. 

Nitrate  of  saver.— AgO.iiOs.  Eq.  2128-5,or  170-57-  This 
is  the  most  important  salt  of  silver ;  it  is  manufactured  on  a 
very  large  scale  in  the  Apothecaries'  Hall  of  Ireland,  for  me- 
dicinal use. 

It  is  prepared  by  dissolving  granulated  silver  in  dilute 
nitric  acid,  which  at  first  occurs  without  the  disengagement 
of  any  gas,  as  the  nitric  acid  dissolves  the  nitric  oxide 
formed,  but  towards  the  end  copious  red  fumes  are  evolved. 
By  evaporation  and  cooling,  the  salt  is  obtained  in  colourless 
rhomboidal  plates,  as  in  the  figure,  often  four  inches  across, 
which  are  anhydrous.  It  is  soluble 
in  its  own  weight  of  cold  water. 
When  heated  to  about  430^,  it  melts 
into  a  colourless  liquid  which  is  poured 
into  cylindrical  silver  moulds,  and 
congealing,  forms  the  sticks  of /v  mot 
caustic  used  in  surgery.  This  fused  salt  should  be  snow 
white ;  it  is  not  affected  by  light  unless  organic  matter  be 
present,  as  has  been  fully  shown  by  Scanlan  ;  but  with 
organic  matter  it  soon  becomes  quite  black,  silver  being  re- 
duced. It  is  hence  used  as  marking  ink,  and  for  staining 
hair  black.  When  strongly  heated,  nitrate  of  silver  is  totally 
decomposed.  It  yields  its  oxygen  readily  to  combustible 
bodies;  thus  if  a  few  grains  of  it  be  laid  on  an  anvil  with  a 
little  bit  of  phosphorus,  and  struck  with  a  hammer,  it  ex- 
plodes violently.  Its  solution  is  reduced  to  the  metallic  state 
by  all  deoxidating  agents. 

Hyponitrite  of  Silver.-^  AgOJUOj^  Is  obtained  in  granular 
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crystals,  by  adding  the  soda  salt  prepared  by  melting  nitrate 
of  soda,  (p.  447),  to  a  boiling  solution  of  nitrate  of  silver,  and 
filtering  whilst  very  hot. 

Tribasic  Phosphate  of  Silver.— 3 AgO  +  PO5.  Is  the 
canary-yellow  precipitate,  produced  by  adding  a  tribasic 
phosphate  of  soda  to  a  solution  of  nitrate  of  silver.  Its  rela- 
tions to  the  other  phosphates  of  silver,  and  to  the  silver  test 
for  arsenic,  have  been  noticed  in  pp.  487  and  625. 

Ar$emate  of  Silver. — 3AgO  -|-  AsOs.  Is  precipitated  as 
a  reddish-brown  powder,  on  adding  any  solution  of  an 
arseniate,  to  a  solution  of  nitrate  of  silver.  Its  forma- 
tion is  one  of  the  most  characteristic  properties  of  arsenic 
acid. 

Arsemte  of  Silver. — H0.2AgO  +  AsOa.  Is  produced 
as  has  been  noted  in  p.  625,  by  adding  a  solution  of  arseni- 
ous  acid  to  the  ammoniacal  nitrate  of  silver,  or  of  arsenite 
of  potash  to  nitrate  of  silver.  It  is  a  canary-yellow  powder; 
soluble  in  ammonia  and  in  nitric  a^id.  When  heated,  it  first 
yields  water  and  becomes  brown,  then  it  gives  oxygen,  ar- 
senious  acid,  and  leaves  metallic  silver, 

Saks  of  Mercury. 

Chloride  of  Mercury — Corrosive  Sublimate. — HgCl.  Eq. 
1708*6  or  136*9.  May  be  prepared  by  dissolving  red  oxide  of 
mercury  in  muriatic  acid,  and  evaporating.  It  crystallizes 
in  long  right- rhombic  prisms,  generally  opaque.  It  may  also 
be  very  economically  prepared  by  dissolving  the  basic  sul- 
phate (turpeth  mineral)  in  strong  muriatic  acid,  and  crystal- 
lizing; the  sulphate  of  mercury  remains  in  the  mother  liquor 
and  may  be  again  converted  into  basic  sulphate  by  the  action 
of  water.  The  corrosive  sublimate  is,  however,  generally 
prepared,  for  pharmaceutic  purposes,  by  the  dry  way,  as  fol- 
lows :  sulphate  of  mercury,  HgO.SOs,  is  to  be  well  mixed 
with  its  own  weight  of  common  salt,  NaCl,  and  the  mixture 
introduced  into  a  wide  necked  glass  retort,  or,  on  the  large 
scale,  into  a  stone-ware  pot,  to  which  a  globular  glass  head 
is  attached.     The  retort  or  pot  being  bedded  in  sand. 
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is  gradually  heated  to  redness,  decomposition  occurs,  the 
chlorine  of  the  cointnon  salt  combining  with  the  mercury, 
whilst  the  sodium  takes  the  oxygen  and  acid ;  we  have  there- 
fore formed,  HgCl,  which  suhlimes  into  the  head,  forming  a 
mass  of  prismatic  crystals  which  being  partly  fused  by  the 
heat  cohere  strongly  together,  and  sulphate  of  soda  which 
remains  behind;  HgO.SOa,  and  NaCl,  giving  HgCl  and 

NaO.SOa. 

The  sublimed  chloride  of  mercury  crystallizes  in  a  right 
rhombic  prism,  as  represented  in  the  figure.  Its  specific 
gravity  is  5*4;  it  melts  at  509°,  and  boils 
at  563°.  The  specific  gravity  of  its  vapour  is 
9420.  It  dissolves  in  two  parts  of  boiling  and 
in  twenty  of  cold  water;  the  hot  solution 
crystallises,  on  cooling,  in  prisms  of  a  different 
form  from  that  of  the  sublimed  salt;  it  is 
therefore  dimorphous;  it  is  soluble  in  2|  parts  of  cold  alco- 
holy  and  in  three  parts  of  cold  ether ;  it  dissolves  much  more 
readily  in  muriatic  acid,  and  in  solutions  of  the  alkaline 
chlorides,  than  in  pure  water,  as  it  forms  with  these  bodies 
double  salts,  which  are  very  soluble;  of  these,  the  double 
chloride  of  mercury  and  ammonium  sal  alembroth^  is  em- 
ployed in  pharmacy.  It  will  be  specially  described  here- 
after. A  solution  of  corrosive  sublimate  yields  all  the  reac- 
tions of  a  salt  of  the  red  oxide  of  mercury,  described  in  p. 
664.  When  a  small  quantity  of  potash  is  added  to  a  solution 
of  subUmate  a  brown  precipitate  falls,  which  by  boiling  be- 
comes black  and  crystalline;  the  same  substance  maybe 
formed  by  boiling  red  oxide  of  mercury  in  a  solution  of  sub- 
limate ;  it  is  an  oxycklaride  of  mercury ^  whose  formula  is 
HgCl  +  3HgO. 

If  a  solution  of  subUmate  be  treated  by  a  small  quantity  of 
sulphuret  of  hydrogen,  a  precipitate  forms,  at  first  brownish, 
but  which  ultimately  becomes  quite  white,  provided  there  be 
sublimate  in  excess ;  it  is  a  eUorosulphureij  of  which  the 
formula  is,  HgCl  +  2HgS. 

Subchloride  of  Mercury.— Calamel.—BgtCl.  Eq.  2974-3 
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or  238*3.  This  important  medicinal  agent  may  be  pre- 
pared either  by  precipitation  or  by  sublimation.  For  the 
former  object,  nine  parts  of  mercury  are  to  be  digested  in 
eight  parts  of  nitric  acid,  sp.  gr.  1'25,  without  heat,  until  no 
more  mercury  appears  to  dissolve,  and  the  liquor  begins  to  as- 
sume a  yellow  colour;  eight  parts  of  common  salt  are  next  to 
be  dissolved  in  250  parts  of  boiling  water,  to  which  a  little 
muriatic  acid  may  be  added :  these  solutions  being  mixed, 
the  calomel  immediately  precipitates,  and  thus  prepared,  it 
is  absolutely  pure.  The  mercury  dissolving  in  the  nitric  acid» 
forms  nitrate  of  the  suboxide,  and  by  the  chloride  of  sodium, 
nitrate  of  soda,  and  sub-chloride  of  mercury  are  formed ; 
HgaO.NOs  and  NaCI,  giving  HgaCl  and  NaO.NOs. 

To  obtain  calomel  by  sublimation,  four  parts  of  corrosive 
sublimate  may  be  rubbed  up  with  three  parts  of  mercury,  so 
intimately  that  no  trace  of  metal  shall  be  visible,  and  the 
mixture  being  introduced  into  an  earthen  pot  to  which  a 
glass  head  is  fitted,  heat  is  to  be  gradually  applied,  until  the 
materials  have  all  sublimed.  In  this  operation,  HgCl,  com- 
bining directly  with  Hg,  gives  HgaCl.  The  union  is  never 
perfected  by  the  first  sublimation,  and  the  product  is  to  be 
again  powdered,  well  mixed,  and  again  sublimed.  The  pro- 
cess followed  by  the  British  pharmacopoeias  is  different,  and 
is  best  carried  on  in  the  following  proportions.  Thirty-one 
parts  of  dry  sulphate  of  the  red  oxide  of  mercury  (persul- 
phate)  is  to  be  intimately  mixed  with  twenty  and  one-third 
parts  of  metallic  mercury,  and  twenty  parts  of  fused  common 
salt,  and  the  whole  rubbed  together  until  the  mercurial  glo- 
bules totally  disappear.  This  method  is  the  same  as  the 
former  in  principle,  except  that  the  corrosive  sublimate  is 
generated  only  when  required  to  combine  with  the  additional 
quantity  of  mercury,  to  form  calbmel.  The  sublimation  is 
carried  on  as  described  above.  The  sublimed  mass  is  always 
contaminated  with  some  undecomposed  sublimate.  Hence  it 
must  be  carefully  levigated,  and  washed  with  boiling  water, 
as  long  as  the  washings  give  any  milkiness  on  the  addition  of 
a  few  drops  of  water  of  ammonia. 
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The  precipitated  calomel  is  a  pure  white  powder.  When 
iublimed  it  forma  a  crystalline  mass  whose  primitive  form,  as 
in  the  figurCi  is  a  square  prism.  It  is  inso- 
luble in  water,  and  the  minute  division  of  the 
sublimed  calomel  may  be  elegantly  secured 
by  conducting  its  vapour  into  a  vessel  con- 
taining boiling  water,  by  the  vapour  of  which 
it  is  suddenly  condensed,  and  falls  as  an  ex- 
cessively fine  powder.  Its  sp.  gr.  is  6*5. 
The  presence  of  sublimate  in  the  calomel  of 
the  shops  is  detected  by  boiling  for  a  few 
minutes  in  alcohol,  and  adding  to  the  alcoholic  liquor  some 
water  of  ammonia,  which  gives  a  white  precipitate  if  corro- 
sive sublimate  be  present.  By  boiling  with  muriatic  acid, 
or  with  solution  of  common  salt,  or  sal-ammoniac,  calomel  is 
gradually  decomposed  into  sublimate,  which  dissolves,  and 
metallic  mercury,  which  remains  behind. 

The  Bromide  and  Subbromlde  of  Mercury. — Hg.Br.  and 
HgaBr,  may  be  prepared ;  the  first  by  acting  directly  on 
mercury  with  bromine,  when  a  colourless  solutionis  obtained, 
which  gives  prismatic  crystals  by  evaporation ;  the  second 
by  decomposing  nitrate  of  the  suboxide  by  bromide  of  potas- 
sium. These  bodies  resemble  completely  sublimate  and 
calomel  in  their  properties. 

Iodide  of  Mercury.  Red  Iodide.— Hgl.  Eq.  2845  0  or 
228.0.  May  be  formed  by  the  direct  combination  of  its  ele- 
ments, even  without  heat,  by  trituration  together  with  a  few 
drops  of  alcohol.  It  is  then  dark  red,  but  may  be  obtained  of 
a  brilliant  red  colour  by  precipitating  a  solution  of  corrosive 
sublimate  with  an  equivalent  of  iodide  of  potassium.  An  excess 
of  the  latter  redissolves  the  precipitate,  as  it  forms  a  double 
salt,  (RI  +  Hgl),  soluble  in  water,  and  crystallizable  in  octo- 
hedrons.  The  iodide  of  mercury  is  insoluble  in  water ;  when 
heated  it  fuses  and  sublimes,  condensing  in  a  crystalline  mass, 
formed  of  rhomboidal  plates,  which,  whea'broken  or  scratched, 
gradually  become  red,  breaking  up  into  a  number  of  minute 
crystals  of  a  different  form.    It  is  somewhat  soluble  in  alco- 
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ho\,  and  abundantly  in  aqueous  hydriodic  acid.  A  hot  solu- 
tion of  iodide  of  potassium  dissolves  much  more  than  the 
atomic  proportion  of  it ;  the  excess  crystallizes  in  long,  red, 
square  prisms,  according  as  the  solution  cools.  It  dissolves 
also  in  a  strong  solution  of  corrosive  sublimate  with  which  it 
combines  in  two  proportions.  It  forms  a  class  of  double 
salts,  equally  extensive  with  that  produced  by  corrosive 
subUmate. 

Subiodide  of  Mercury. — Hg,L  May  be  formed  by  tritu- 
rating iodine  with  mercury,  or  by  precipitating  a  sdution 
of  iodide  of  potassium  by  a  slight  excess  of  nitrate  of  the 
suboxide  of  mercury.  It  is  an  olive-green  powder,  which 
is  resolved  by  heat  into  metallic  mercury  and  iodide,  and  is 
similarly  decomposed  by  a  solution  of  iodide  of  potassium, 
with  which  the  iodide  of  mercury  formed  combines. 

Sesquiodide  of  Mercury ^  or  Yellow  Iodide. — Hg4l3,  or 
SHgl  +  Hgal.  To  obtain  this  substance,  a  solution  of  iodide 
of  potassium,  to  which  half  as  much  iodine  as  it  already  con- 
tained has  been  added,  is  to  be  decomposed  by  a  slight  ex- 
cess of  a  solution  of  the  subnitrate  of  mercury.  The  bright 
yellow  powder  which  precipitates  must  be  dried  cautiously 
with  little  exposure  to  light.  By  means  of  a  solution  of 
iodide  of  potassium,  it  is  resolved  into  red  iodide  and  metallic 
mercury.  The  reaction  by  which  it  is  formed  is  that,  of  the 
subiodide  first  produced,  by  the  KI.  and  Ug20.N05,  one- 
half  is  converted  into  red  iodide  by  the  additional  atom  of 
iodine  which  is  supplied.  2  (KI)  + 1,  and  2  (HgaO.NOs), 
giving  2  (KONOfi)  and  HgJ  +  2.HgI.  This  preparation  is 
employed  in  pharmacy* 

A  preparation  which  has  been  proposed  by  Donovan, 
under  the  name  o{  lodo-hydrargyrate  of  Ar^erAc^  is  prepared 
by  rubbing  together  6*08  grs.  arsenic,  15-38  grs.  of  mercury, 
and  50  grs.  iodine,  with  a  few  drops  of  alcohol  until  they  com- 
bine, and  then  adding  eight  ounces  of  water  with  a  few  drops 
of  hydriodic  acid;  a  solution  is  obtained  at  first  colourless, 
but  soon  becoming  yellowish-brown  by  Ught,  from  iodine 
being  set  free.     This  preparation  is  not  a  chemical  com- 
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pound,  but  the  iodide  of  arsenic  being  decomposed  by  the 
water,  the  iodide  of  mercury  is  dissolved  by  the  hydriodic 
acid  formed,  whilst  arsenious  acid  exists  free  in  the  solution. 

Sulphate  of  Mercury — ^HgO.SOa.  Eq.  1867  or  149-6,  is 
produced  by  boiling  oil  of  vitriol  on  mercury,  until  it  is  con- 
verted into  a  white  saline  mass,  which  requires  to  be  finally 
heated  nearly  to  redness  to  expel  the  excess  of  acid.  Sul- 
phurous acid  is  evolved,  Hg  and  2SO3,  giving  HgO.SOs 
and  SOt ;  but  this  may  be  avoided  by  adding  from  time  to 
time  a  small  quantity  of  nitric  acid,  by  which  oxygen  will  be 
supplied.  This  salt  forms  a  white  powder,  not  crystalline ; 
at  a  full  red  heat  it  is  resolved  into  mercury,  sulphurous  acid, 
and  oxygen.  Its  use  is  extensive  in  preparing  calomel  and 
sublimate.  By  a  large  quantity  of  water  it  is  decomposed 
into  free  acid  and  basic  sulphate,  turpeth  mineral^  3HgO  + 
SO3,  which  is  a  bright  yellow  powder,  which,  when  heated 
with  muriatic  acid  gives  neutral  sulphate  and  corrosive  sub- 
limate, 2.HC1  and  (SHgO  +  SO3),  producing  2.HgCI  and 
HgO.SOa;  water  being  formed,  (see  p.  761). 

Subsu^hateof  Mercury.— Hg^O.SOj.  Sulphate  of  the  black 
oxide  may  be  formed  by  heating  metallic  mercury  with  oil 
of  vitriol,  provided  the  heat  do  not  pass  beyond  212°;  or  by 
mixing  strong  solutions  of  nitrate  of  the  black  oxide  and  of 
sulphate  of  soda.  It  is  a  white  powder,  very  sparingly  so- 
luble m  water,  by  which  it  is  not  decomposed,  and  is  thereby 
distinguished  from  the  preceding  salt. 

NUraie  of  Mercury.— Nitrate  of  the  red  Oxide.— 2Hg^. 
NO5  +  2  Aq.  This  salt  is  formed  when  mercury  is  dissolved 
in  an  excess  of  nitric  acid  with  heat.  It  crystallizes  in  rhom- 
boidal  plates,  which  are  deliquescent,  and  soluble  in  a  small 
quantity  of  water.  Its  solution  is  decomposed  when  diluted, 
a  basic  nitrate  of  the  red  oxide  being  precipitated  of  a  bright 
canary  colour,  and  having  the  formula  HO.NO5  +  3HgO. 
If  this  powder  be  boiled  with  much  water,  a  still  more  basic 
salt  is  formed,  which  has  the  formula,  NO5  +  6HgO.  Both 
this  salt  and  the  sulphate,  when  heated  by  sulphuretted 
hydrogen  not  in  excess,  give  white  basic  compounds,  like 
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the  chlorosulphuret  (p.  762),  having  the  formulae^  HgO.NOs 
+  2HgS  and  HgO.SOa  +  2HgS. 

Subniirate  of  Mercury. — Nitrate  of  the  Black  Oxide*-^ 
When  mercury  is  dissolved  in  dilute  nitric  acid,  without  any 
beat,  or  with  only  as  much  as  sustains  a  very  moderate  action, 
the  black  oxide  forms  and  may  unite  with  the  nitric  acid  in 
various  proportions.  1st.  If  there  be  nitric  acid  in  excess, 
the  solution  gives  by  cautious  evaporation  clear  transparent 
rhombs  of  neutral  eubmtratCi  having  the  formula,  HgaO. 
NO5  +  2HO.  2nd.  If  there  be  an  excess  of  mercury,  large 
opaque  white  rhombic  prisms  sometimes  form,  which  have 
the  composition,  (SHgaO  -f  2NO5  +  3H0).  Srd.  By  letting 
this  solution  stand,  these  crystals  gradually  disappear,  and 
very  small  canary-yellow  crystals,  nearly  spherical,  with 
numerous  brilliant  facets  are  produced ;  this  is  a  basic  salt, 
the  formula  being  HO.NOs  +  2.Hg20.  This  salt  may  also  be 
formed  by  the  action  of  water  on  either  the  first  or  second; 
both  being  decomposed  into  free  acid,  and  the  basic  salt, 
which  is  not  further  altered  even  by  boiling  water.  The 
second  salt  may  be  looked  upon  as  a  compound  of  the  first 
and  third,  since  (SHg^O  -feN05+3HO)  =  (HgaO.NOs-f- 
8HO.)  +  (HO.NO5  +  2HgaO). 

Subchromate  of  Mercury.  Hg^O  +  CrOs. — Produced  by 
mixing  solutions  of  chrdmate  of  potash  and  subnitrate  of 
mercury,  is  a  bright  orange  pounder  insoluble  in  water;  when 
heated  to  redness,  it  gives  ofi*  mercury  and  oxygen,  and 
chromic  oxide  of  a  fine  green  colour  remains  (p.  609).  * 

Bed  nitrate  of  mercury  combines  with  iodide  of  mercury 
to  form  a  double  salt,  which  is  formed  by  half  precipitating  a 
solution  of  the  mercuric  salt  by  iodide  of  potassium,  and 
boiling  until  the  precipitate  redissolves ;  on  cooling,  the  new 
salt  is  deposited  in  brilliant  red  crystalline  scales,  which  are 
decomposed  by  much  water. 

Salts  of  Gold. 

Perehhride  of  Gold. — AuCla*  When  gold  is  dissolved  in 
nitro-muriatic  acid,  and  the  solution  evaporated  very  cau- 
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tiously  to  dryness,  this  salt  remains  as  a  ruby  red  crystalline 
mass,  which  dissolves  with  a  yellowish-red  colour  in  water.  Its 
solution  is  acid,  and  is  decomposed  by  the  light,  and  by  all 
deoxidizing  agents.  It  combines  with  muriatic  acid,  and 
forms  a  deep  yellow  liquor,  from  which  the  iicid  chloride  of 
gold  crystallizes  in  long  yellow  needles.  It  is  soluble  in 
alcohol  and  in  ether,  from  which  last  solution  it  is  deposited 
in  the  metallic  state  on  evaporation,  the  chlorine  combining 
with  the  ether.  In  this  way  some  forms  of  gilding  are  ef- 
fected, as  on  steel.  The  chloride  of  gold  combines  with 
many  other  chlorides,  forming  double  salts.  The  chloride  of 
gold  and  potassium,  AuCU  +  RCl  +  5Aq.,  crystallizes  in 
orange-red  striated  rectangular  prisms.  It  effloresces  in  the 
air,  and  may  be  obtained  anhydrous ;  it  is  then  ruby  red. 
Chloride  of  gold  and  sodium  (NaCl  +  AuCU  +  4Aq),  forms 
crystals  of  the  same  form  and  colour,  but  which  do  not  ef- 
floresce: when  heated,  they  fuse  in  their  water  of  crystalli- 
zation. 

Subchlaride  of  Gold. — AuCl.  Is  produced  by  heating  the 
chloride  to  about  450°  in  a  porcelain  dish,  stirring  it  very 
carefully  until  no  more  chlorine  is  given  off.  It  is  a  yellow* 
bh-white  mass,  insoluble  in  water,  by  which  it  is  gradually 
decomposed  into  chloride  and  metallic  gold.  It  is  in  this 
way  only  that  a  solution  of  chloride  of  gold  perfectly  free 
from  an  excess  of  acid  can  be  obt»ned. 

Iodides  of  Gold. — ^When  solutions  of  chloride  of  gold  and 
iodide  of  potassium  are  mixed,  a  greenish  precipitate  occurs 
of  sub-iodide  of  gold^  Aul.,  whilst  two-thirds  of  the  iodine 
become  free.  If  the  iodide  of  potassium  be  in  great  ex- 
cess, however,  the  iodine  and  subiodide  are  both  redissolved 
and  a  double  salt  obtained,  which  crystallizes,  and  which 
contains  iodide  of  gold^  its  formula  is  KI  +  Aula ;  by 
the  cautious  addition  of  chloride  of  gold  to  a  solution  of 
this  salt,  a  greenish  precipitate  may  be  obtained  without 
any  liberation  of  iodine,  and  which  hence  must  be  the 
iodide. 

The  oxides  of  gold  do  not  act  as  bases,  and  the  general 
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nature  of  the  salts  which  they  form,  as  acids,  has  been 
noticed  in  p.  666. 

Salts  of  Palladium. 

Chloride  of  Palladium. — PdCl.  Is  formed  by  dissolving 
palladium  in  nitro-muriatic  acid.  Its  solution  is  deep  brown, 
and  it  forms,  by  evaporation,  a  crystalline  mass;  by  the 
action  of  a  small  quantity  of  a  caustic  alkali,  a  basic  salt,  or 
oxycMoride  of  palladium^  PdCl+SPdO  +  ^aq.,  is  produced, 
it  is  a  brown  powder,  insoluble  in  water.  The  chloride  of  pal- 
ladium combines  with  other  chlorides  to  form  double  salts: 
when  heated  to  about  600^,  it  abandons  half  its  chlorine,  and 
subchloride  of  palladium  remains,  an  olive  brown  powder  in- 
soluble in  water.  By  a  strong  red  heat  this  is  totally  de- 
<;omposed. 

JDeuiochloride  of  Palladium. — PdC^.  Is  formed  when  the 
chloride  of  palladium  is  gently  heated  with  aqua  regia ;  it 
forms  a  dark  brown  liquor,  which  gives,  with  a  solution 
of  chloride  of  potassium,  a  sparingly  soluble  double  salt, 
KCl  4-  PdCl2.  This  deutochloride  cannot  be  obtained  solid, 
its  sohition  giving  off  chlorine,  and  chloride  remaining. 

Iodide  of  Palladium. — Pdl.  Is  a  black  powder  obtained 
by  double  decomposition.  It  forms  double  salts  with  other 
iodides.  By  heat  it  is  decomposed,  without  forming  any  sub- 
iodide. 

Sulphate  of  Palladium. — PdO.SOa.  Is  produced  by  dis- 
solving the  metal  in  a  mixture  of  nitric  and  sulphuric  acids. 
By  evaporation,  a  saline  mass  is  obtained,  which  is  decom- 
posed by  water. 

Nitrate  of  Palladium. — PdO.NOs,  Is  obtained  by  acting 
on  the  metal  with  nitric  acid.  At  first  it  dissolves  without 
any  evolution  of  gas,  forming  a  deep  olive  liquor ;  but  when 
heated,  it  gives  off,  NO2,  and  becomes  brown.  The  nitrate 
of  palladium  is  decomposed  by  water,  giving  basic  salts. 

Salts  of  Platinum. 
Protochloride  of  Platinum. — PtCl.  Is  formed  by  exposing 
the  bichloride  in  fine  powder,  to  a  temperature  of  about  500^ 
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in  a  porcelain  dish,  and  frequently  stirring ;  one-half  of 
the  ehlorine  being  eYolved,  a  greenish  olive  powder  is  pro- 
duced, which  is  the  protochloride.  It  is  insoluble  in  water ; 
by  a  red  heat  it  is  resolved  into  chlorine  and  metallic  pla- 
tinum. If  the  bichloride  be  exposed  only  to  a  temperature 
of  about  400^,  water  dissolves  from  out  of  the  resulting  mass, 
a  substance  which  colours  it  intensely  brown,  and  which  is, 
probably,  a  sesquichloride,  PtaCla. 

Bichloride  of  Plaiinum.—FiCi9.  This  salt  is  produced 
by  dissolving  platinum  in  nitro-muriatic  acid.  The  solution, 
when  free  from  excess  of  acid,  is  intensely  yellow ;  cm  evapo- 
ration, it  gives  a  crystalline  deliquescent  mass.  This  salt  is 
very  soluble  in  alcohol,  and  is  so  used  for  the  detection  of 
potash  (p.  553).  It  combines  with  other  chlorides,  forming 
double  salts,  of  which  some  possess  considerable  interest. 
Those  with  chloride  of  potassium,  KCl  +  PtCl,,  and  with  sal- 
ammoniac,  NH4CI  +  PtCls,  are  precipitated  as  yellow  pow- 
ders, from  strong  solutions,  or  as  minute  octohedral  orange- 
red  crystals,  from  dilute  solutions  of  those  alkalies,  and  are 
hence  used  for  their  detection.  These  salts  are  insoluble  in 
alcohol.  The  sodium  double  salt  (NaCl  +  PtCU)  is,  on  the 
contrary,  easily  soluble  both  in  alcohol  and  water. 

The  Iodides  of  Platinum  are  black  powders,  insoluble  in 
water,  formed  by  the  double  decomposition  of  iodide  of 
potassium  with  the  respective  chlorides.  The  biniodide 
combines  with  iodide  of  potassium  to  form  a  double  salt, 
KI  +  Ptls,  which  dissolves  in  water,  giving  a  solution  so 
deeply  claret-coloured  that  it  may  serve  to  detect  a  very 
minute  trace  of  platinum  in  solution. 

Although  many  oxygen  salts  of  platinum  are  described  in 
the  systematic  books  (sulphate,  nitrate,  &c.),  I  consider  that 
we  possess  no  accurate  knowledge  whatever  of  that  class  of 
combinations. 

Salts  of  Iridium  and  Rhodium. 

There  are  four  chlorides  of  iridium.  The  proiocUoridef 
IrCl,  is  prepared  by  heating  metallic  iridium  to  redness  in 
chlorine ;  it  is  an  olive-green  body,  which  is  insoluble  in 
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water,  but  combines  with  other  chlorides  to  form  double 
salts.  The  sesqui-chloride  Ir2Cl3  is  formed  by  dissolving  the 
sesquioxide  in  muriatic  acid.  It  is  a  brown  crystalline  sub- 
stance, volatile,  and  forming  double  salts.  The  bichloride, 
IrCls,  is  produced  when  a  concentrated  solution  of  the  former 
is  treated  with  aqua  regia.  It  forms  a  dark  brown  solution, 
giving,  when  dried,  a  black  mass.  It  gives  with  chloride  of 
potassium  a  sparingly  soluble  double  salt  in  black  octohedral 
crystals.  The  perchloride,  ICI3,  is  not  known,  except  in  the 
state  of  a  dou|^le  salt,  KCl  +  ICI3,  which  is  produced  by 
processes,  for  which  I  refer  to  the  larger  systematic  works. 

The  protoxide,  sesquioxide,  and  deutoxide  of  iridium  form 
salts,  with  the  oxygen  acids ;  the  solutions  of  the  first  class 
being  green  or  purple,  those  of  the  second  class  blood-red, 
and  those  of  the  third  orange,  produce  the  variety  of  tints 
which  gives  the  name  iridium  to  the  metal;  they  are  not 
otherwise  important. 

Sesqui-Chhride  of  Rhodium. — R^Cl,  .Is  prepared  by  de- 
composing the  double  chloride  of  rhodium  and  potassium  by 
hydrofluosilicic  acid.  The  filtered  liquor  gives,  when  eva- 
porated, a  brown-red  mass,  destitute  of  crystalline  structure ; 
by  heat  it  is  completely  decomposed.  It  combines  with  other 
chlorides  to  form  well-defined  double  salts,  such  as  that 
2KC1  rf  R3CI3  4-  2Aq.  formed  by  acting  on  metallic  rhodium 
and  chloride  of  potassium  by  aqua  regia.  When  metallic 
rhodium  alone  is  treated  by  chlorine,  a  rose-red  powder  is 
obtained  insoluble  in  water  and  acids,  which  is  a  similar 
compound  of  protochloride  and  sesquichloride  of  rhodium, 
R4Cl5=2RCl  +  RaCl3. 

By  igniting  metallic  rhodium  with  bisulphate  of  potash  a 
double  salt  is  obtained,  which  does  not  crystallize.  The  ni- 
trate of  rhodium  is  a  dark  red  deliquescent  salt,  which  gives 
with  nitrate  of  soda  a  double  salt  in  dark  red  crystals. 


CHAPTER  XVI. 

ON  THE  GENERAL  PRINCIPLES  OF  THE  CONSTITUTION  OF 
ORGANIC  BODIES. 

Organic  bodies  are  distinguished  generally  by  a  mucb 
greater  complexity  of  composition  than  occurs  in  substances 
of  mineral  origin.  Except  in  the  case  of  carbonic  oxide, 
there  is  no  example  of  an  atom  of  an  organic  compound  con- 
taining but  two  simple  atoms ;  and  carbonic  acid  and  cyanogen 
are  the  only  examples  of  an  organic  atom  being  formed  by 
three  elementary  atoms.  On  the  contrary,  the  number  of 
simple  atoms  entering  into  the  composition  of  an  organic  body 
is  sometimes  very  great :  thus,  an  equivalent  of  oleic  acid 
contains  270  simple  atoms ;  an  atom  of  albumen  is  formed  of 
88S  simple  atoms ;  an  atom  of  spermaceti  includes  468  simple 
atoms ;  numbers  to  which  we  find  no  form  of  combination  ap-» 
preaching  in  inorganic  compounds. 

Besides  this  greater  complexity  of  constitution,  organic 
bodies  are  distinguished  by  the  nature  of  their  elements.  I 
have  bad  occasion  already  to  describe,  as  inorganic,  fifty-four 
undecompounded  bodies,  which,  by  their  reunion  in  various 
proportions,  generate  the  compound  substances,  which  consti*- 
tu te  the  mineral  crust  of  the  globe ;  but  amongst  organic  bodies 
we  meet  with  few  of  these.  Although  equalling  in  number  and 
surpassing  in  variety  of  properties  the  mineral  species,  the 
products  of  the  animal  and  vegetable  kingdom  may  be  looked 
upon  as  consisting  almost  exclusively  of  six  elements,  of 
which  two,  sulphur  and  phosphorus,  are  met  with  but 
seldom ;  nitrogen  is  much  more  extensively  found,  espe* 
cially  in  animal  substances ;  oxygen  and  hydrogen  exist  in 
almost  all,  but  the  element  which  is  peculiarly  organic,  and 
which,  with  the  one  exception  of  ammonia,  exists  in  all  bodies 
derived  from  an  animal  or  vegetable  source  is  Carbon.  It  is 
hence  that  I  have  deferred  the  description  of  carbon  and  its 
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compounds,  until  I  could  pass  directly  from  it  to  the  great 
variety  of  organic  bodies  of  which  it  is  the  basis.  With  the 
constituents  of  inorganic  bodies  it  has  but  an  accidental 
connexion,  for  as  I  shall  hereafter  show,  there  is  no  form  of 
carbon  which  has  not  at  some  time  made  part  of  an  orga- 
nized being.  Besides  these  six  elements  of  organic  bodies, 
there  are  many  which  enter  into  the  structure  of  animals  and 
plants,  and  are  subservient  in  an  important  degree  to  the 
proper  performance  of  their  functions,  without  being  really 
constituents  of  their  organic  tissues,  or  secretory  products. 
Thus  iodine  and  bromine  exist  in  many  marine  plants  and 
sponges ;  common  salt  and  oxygen-salts  of  potash,  soda, 
lime,  and  magnesia  exist  in  most  animal  and  vegetable  juices ; 
phosphate  of  lime  constitutes  the  bony  skeleton  of  one,  and 
carbonate  of  lime  the  testaceous  covering  of  another  tribe  of 
animals,  whilst  silica  forms  the  solid  basis  of  some  of  the 
lower  tribes  of  zoophytes.  In  the  red  colouring  matter  of  the 
blood,  iron  is  an  essential  element,  and  the  same  metal  has 
been  found  in  minute  quantity  in  other  parts  of  animals ; 
indications  of  fluorine  and  of  silica  have  been  found  in  the 
bones  and  teeth  ;  but  in  all  these  instances,  except  the  one 
fieict  of  the  iron  element  of  red  blood,  we  find  these  saline 
substances  to  be  contained  in  fluids  in  a  condition  of  mere 
physical  solution,  or  to  be  deposited  as  solids  in  the  bones 
or  teeth  in  a  purely  inorganic  form,  clearly  to  be  distin- 
guished from  the  proper  state  of  organic  combination,  in 
which  the  carbon,  hydrogen,  oxygen,  and  nitrogen  of  the 
tissues  and  secretory  products  are  united. 

Amongst  organic  bodies,  it  is  necessary  to  distinguish 
three  classes,  which  difier  no  less  in  complexity  of  compo- 
sition than  in  the  circumstances  under  which  they  are 
formed,  and  their  relation  to  organic  bodies.  These  are, 
first,  those  bodies  which  are  directly  elements  of  an  orga- 
nized and  living  being,  and  which,  while  in  connexion  with 
it,  appear  to  possess  the  power  of  elaborating,  from  certain 
nutritious  juices,  additional  material  similar  to  themselves. 
Such  are  the  organic  constituents  of  the  animal  and  vegetable 
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tissueii  and  of  the  blood,  which,  whfle  in  connexion  with,  and 
forming  portions  of  the  animal  or  plant,  participate  to  a  cer- 
tain degree  in  its  vitality,  and  do  not  obey  the  laws  of  ordi- 
nary  aflBnity,  unless  by  being,  in  the  first  instance,  killed ; 
these  bodies  should  be  more  properly  called  organixedj  than 
merely  orgamc;  their  chemical  relations  commence  only 
when  they  have  been  deprived  of  their  most  essential  cha- 
racter, Ufe.  They  are  organs ;  their  constitution  cannot  be 
expressed  in  formulse,  nor  their  properties  accounted  for 
by  analysis.  After  their  death  we  may  obtain  from  them, 
by  chemical  treatment,  a  variety  of  organic  bodies;  but  that 
they  were  composed  of  these  bodies,  and  that  their  proper- 
ties resulted  from  the  combination  of  such  elements  as  we 
extract  from  them,  it  would  be  false  philosophy  to  imagine. 
The  fibrine  and  albumen  of  the  blood,  the  muscles,  and  the 
cellular  tissues,  the  fatty  matter  of  the  brain,  perform  their 
functions  in  virtue  of  vital  power,  and  not  of  any  chemical 
properties  they  possess.  The  albumen  of  the  egg  is  not  a 
chemical  substance,  but  a  delicately  constructed  mass,  des- 
tined to  be  transmuted  into  the  organs  of  the  chick,  and  by 
participating  in  its  life,  protected  from  putrefaction.  But 
when  albumen  is  precipitated  by  corrosive  sublimate  it  is 
killed,  and  the  product  of  its  decomposition  combines  with 
the  oxide  of  mercury. 

This  class  of  bodies  have  their  origin,  therefore,  in  ac- 
tions purely  vital.  They  have  a  structure  organic-molecular, 
totally  different  from  crystallization,  and  for  the  most  part 
consisting  of  minute  cells.  When  dead,  these  tissues  un- 
dergo spontaneous  decomposition,  with  more  or  less  ra- 
pidity, according  as  their  composition  is  more  complex  ;  but 
for  this,  water  must  be  present.  Some  forms  of  animal  tis- 
sue, which  appear  to  lose  the  organized  structure  and  vitality 
with  which  they  were  at  first  formed,  are  capable  still  of  re- 
maining in  connexion  with  the  living  system,  and,  although 
dead,  have  no  tendency  to  putrefy  ;  probably  from  not  being 
in  any  degree  soluble  in  water.     The  formation  and  growth 
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of  nails  and  hoofs,  hair  and  horns,  are  examples  of  the  im* 
portant  uses  of  this  property. 

It  is  by  virtue  of  the  vital  forces  of  the  bodies  of  this  first 
class,  not  individually,  but  united  together  so  as  to  consti- 
tute the  tissues,  glands,  &c.,  of  plants  and  animals,  that  the 
organic  bodies  of  the  second  class  have  their  origin.  These 
are  substances  produced  (secreted)  from  the  elements  by 
which  organized  bodies  are  nourished,  probably  by  the 
union,  under  peculiar  conditions,  of  such  portions  of  the  con- 
stituents of  the  food  as  were  not  proper  or  proportioned  to 
be  assimilated  to  the  organized  tissues  of  the  living  being  it- 
self. It  is  thus,  that  by  a  plant  which  uses  water,  carbonic 
acid,  and  atmospheric  air  as  nutriment,  after  the  assimilation 
of  a  certain  quantity  of  their  constituents  to  its  proper  tissues, 
sugar,  starch,  and  albumen,  adapted  for  the  nutrition  of  its 
young,  may  be  formed  as  secreted  products ;  and  oils,  re- 
sins, colouring  matters,  &c.,  rejected  as  useless  or  injurious. 

The  third  class  of  organic  bodies  contains  those  which 
are  evolved  by  the  chemical  decompositions,  whether  spon- 
taneous or  artificial,  to  which  substances  of  the  first  and 
second  class  are  subjected.  Thus,  sugar  by  fermentation, 
yields  alcohol  and  carbonic  acid  ;  alcohol,  by  oxidation, 
yields  acetic  acid,  or  aldehyd ;  acetic  acid,  variously  treated, 
produces  acetone,  or  alkarsin;  whilst  ligneous  fibre  gives 
origin,  when  heated,  to  a  crowd  of  organic  products,  of  which 
pyroxylic  spirit  is  an  example. 

It  is  very  interesting  to  contrast  these  classes  of  bodies 
with  each  other,  in  relation  to  the  forces  by  which  their  con- 
stitution is  regulated,  as  compared  with  the  simpler  forms  of 
affinity  by  which  the  actions  of  inorganic  elements  are  con- 
trolled. In  the  first,  there  is  found  nothing  referrible  to 
chemical  attraction;  all  affinity  is  annulled  by  the  supre- 
macy of  life  and  organization*  Hence,  it  is  only  when  dead, 
that  such  bodies  can  be  analyzed,  and  by  treatment  with 
reagents  a  crowd  of  products  belonging  to  the  third  class 
be  obtained  from  their  more  or  less  evident  decomposition. 
No  matter,  therefore,  how  perfect  our  mediate  or  immediate 
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analyses  of  such  substances  may  be»  the  synthesis  of  such 
bodies^  or  their  production  by  the  union  of  their  elements,  is 
strictly  impossible  to  the  chemist.  The  formation  of  a  mole- 
cule of  albumen  would  not  be  a  case  of  chemical  combination, 
but  of  the  formation  of  a  portion  of  an  organized  cell,  it 
would  require  not  merely  the  combination  of  its  elements, 
but  also  that  the  compound  should  have  life  imparted  to  it. 

In  relation,  however,  to  the  second  and  third  classes,  the 
circumstances  are  quite  different ;  although  we  cannot  trace, 
precisely,  the  force  by  which  the  organized  tissues  act  in 
eliminating  from  a  liquid  of  uniform  composition,  such  as 
the  blood  or  sap,  the  various  secretions  which  constitute  the 
second  class  ;  yet  the  circumstances  of  their  formation  admit 
of  being  examined,  and  already  some  insight  has  been  ob- 
tained, as  to  the  way  in  which  organic  bodies  may  separate, 
or  be  converted  into  others,  without  reference  to  the  mere 
affinities  of  their  elements,  by  means  of  the  influence  that  has 
been  already  described  as  catalytic  (p.  381  ei  seq.) ;  in  this 
way,  the  functions  of  organized  tissues  may  be  imitated,  and 
a  true  synthesis  of  organic  bodies  of  the  second  class  may 
be  effected*  With  the  bodies  of  the  third  class  we  find, 
also,  that  the  circumstances  of  their  formation  are  either 
purely  artificial,  or  capable  of  being  easily  imitated,  and  the 
reactions  by  which  they  are  evolved,  although  often  cataly- 
tic, fall,  in  the  majority  of  cases,  under  the  rules  of  ordinary 
affinity.  In  structure,  also,  the  bodies  of  the  second  and 
third  class  range  themselves  with  inorganic  compounds ; 
those  which  are  solid  may,  for  the  most. part,  be  obtained 
crystallized,  and  the  liquid  substances  possess  definite  freez- 
ing and  boiling  points. 

Between  such  organic  bodies  and  mineral  substances,  we 
find  the  greatest  similarity,  not  merely  in  their  physical  re- 
lations, but  in  chemical  properties  also.  The  great  classes 
of  acids  and  bases  exist,  well  marked,  among  organic  bodies, 
and  in  their  combinations  with  each  other,  the  same  princi- 
ples of  multiple,  and  equivalent  combination  are  followed,  as 
hold  for  inorganic  compounds.     So  perfect  is  the  analogy  of 
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general  characters,  that  it  has  long  been  an  object  with  che- 
mists to  unite,  under  one  principle,  the  laws  of  composition 
of  organic  and  inorganic  bodies,  and  as  the  characteristic  dis- 
tinction of  mineral  substances  is  to  consist  of  a  series  of  ele- 
ments which  are  respectively  combined,  two  and  two,  in  virtue 
of  their  opposite  affinities,  attempts  have  been  made  to  reduce 
the  complex  constitution  of  organic  bodies  to  the  same  prin- 
ciple of  binary  union,  by  supposing  that  certain  of  the  ele- 
ments are,  in  the  first  instance,  grouped  together,  so  as  to 
form  a  single  molecule,  and  that  this  acting  as  a  simple  body, 
combines  with  the  element  which  remains.  It  is  from  the 
discovery  of  Cyanogen,  and  the  discussions  as  to  the  nature 
of  the  ethers,  and  of  the  ammoniacal  salts,  that  we  must  date 
the  positive  introduction  of  this  theory  of  compound  radi- 
cals into  chemistry.  Its  utility  has  not  been  limited  to  the 
explanation  of  the  constitution  of  organic  bodies  ;  on  the 
contrary,  it  has  been  applied  successfully  to  explain  the  phe- 
nomena presented  by  numerous  classes  of  inorganic  com- 
pounds, such  as  the  compounds  of  sulphur  and  oxygen, 
noticed  p.  474,  and  especially  to  the  foundation  of  the  bi- 
nary theory  of  salts,  as  described  in  the  fifteenth  chapter. 

Were  we,  however,  to  apply  the  theory  of  compound  ra- 
dicals indiscriminately  to  explain  the  constitution  of  organic 
bodies,  we  should  be  liable  to  fall  into  continual  error.  The 
criterion  which  I  would  assume  as  decisive  of  the  consti- 
tution of  an  organic  body,  is,  whether  certain  of  its  elements 
may  be  exchanged  for  others,  in  accordance  with  the  ordi- 
nary laws  of  substitution  of  inorganic  bodies;  and  thus  a  se- 
ries of  compounds  be  produced,  through  which  some  ele- 
ments of  the  original  substance  shall  have  passed  untouched, 
and  from  which  again,  by  suitable  reactions,  the  original 
substance  can  be  obtained  unaltered.  In  such  case  I  would 
consider  those  elements  which  remain  unaffected,  as  being 
strictly  united  with  each  other,  and  constituting  a  compound 
radical,  which,  combining  with  other  bodies,  gives  origin  to 
a  series  of  compounds  more  or  less  extensive.  Thus,  if  we 
treat  oil  of  bitter  almonds,  C14H6O29  by  chlorine,  we  obtain  a 
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compound,  C14H5O3CI,  which  giTCS,  with  iodide  or  sulphu- 
ret  of  potassium,  bodies  whose  formulas  are  respectively 
C]4H502l  and  CmHsO^S,  Again  acted  on  by  oxygen, 
it  gives  crystallized  benzoic  acid,  C14H6O4.  or  rather, 
C14H5O3  +  Aq.  Now,  it  will  be  seen  that  throughout  this 
whole  series  the  element,  C14H5O2,  has  remained  unaltered. 
In  the  oil  it  was  combined  with  hydrogen ;  in  benzoic  acid 
it  anites  with  oxygen,  in  the  other  bodies  it  is  united  with 
chlorine,  iodine,  &c.,  and  from  these  the  oil  may  be  recovered 
by  processes  by  no  meansindirect.  Now  when  we  state,  that  in 
these  compounds  the  elements,  C14H5O2,  are  united,  first 
with  each  other,  by  an  affinity  which  ordinary  reagents  can- 
not overcome,  and  that  this  compound  group  unites  with  the 
simple  bodies,  hydrogen,  oxygen,  &c.,  by  an  affinity  so  much 
weaker,  that  they  can  be  readily  substituted  for  each  other, 
we  state  only  an  established  fact,  and  in  denominating  the 
group,  CuH^Os,  the  root  or  radical  of  the  series  of  bodies, 
thus  produced,  we  involve  no  hypothetical  idea.  For  bre- 
vity, we  express  that  compound  radical  by  the  symbol  Bz, 
and  we  term  it  Benzyle;  we  write  the  fohnula  of  its  com- 
binations, respectively,  Bz.H,  Bz.Cl,  Bz.I,  and  Bz.O  +  Aq« 
But  we  must  not  be  induced  by  the  brilliancy  shed  on 
certain  branches  of  organic  chemistry,  through  the  applica- 
tion of  this  principle,  to  transgress  the  boundaries  of  sound 
induction.  There  are  numerous  organic  compounds,  in  which 
I  believe  that  no  binary  structure  exists,  and  consequently  to 
which  the  theory  of  organic  radicals  should  not  be  applied. 
It  is  the  class  of  bodies  characterized  by  a  remarkable  in- 
differenoe  to  combination,  and  which,  when  decomposed  by 
the  influence  of  reagents,  lose  not  merely  one  constituent, 
and  gain  another  in  its  place,  but  are  totally  transformed 
into  new  compounds,  into  which  all  of  their  original  compo- 
nents enter,  and  towards  which,  the  reagent  that  had  been 
applied  frequently  appears  indifferent,  so  that  the  action 
appears  to  have  more  the  character  of  catalysis,  than  of  true 
chemical  affinity.     Such  bodies  are  gum,  sugar,  starch,  some 
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of  the  oily  and  colouring  matters,  urea  and  many  others ; 
treat  these  bodies  as  you  will,  there  are  no  phenomena  of 
true  replacement ;  they  may  be  decomposed,  but  bodies  of 
a  totally  different  type  are  formed,  and  the  original  sub- 
stances cannot  be  regenerated. 

The  organic  radical  which  is  thus  assumed  as  the  basis 
of  a  series  of  compounds,  acts  as  a  simple  body,  but  it  does 
so  only  in  relation  to  the  nature  and  intensity  of  the  forces 
that  act  upon  it ;  it  may  be  decomposed,  and  frequently  it 
cannot  be  separated  from  combination  without  total  decomposi- 
tion ;  hence  few  compound  radicals  can  be  isolated.  But 
they  can  be  decomposed  even  whilst  still  in  combination,  by 
the  intervention  of  powerful  affinities ;  and  this  decomposi- 
tion may  be  either  total,  so  as  to  leave  no  trace  of  the 
original  constitution  of  the  substance,  or  by  giving  origin  to 
another  series  of  combinations,  may  indicate  a  still  more 
intimate  constitution,  and  unveil  an  organic  radical  of  a 
simpler  structure  acting  as  the  basis  of  the  first. 

Thus  we  have  seen,  what  positive  grounds  there  are  for 
admitting  benzyle,  C14H5O2  to  be  the  radical  of  the  oil  of  bit- 
ter almonds  and  of  benzoic  acid;  but  if  we  digest  oil  of  bitter 
almonds  with  ammonia,  all  oxygen  is  removed,  and  we  ob- 
tain a  compound  of  nitrogen  with  the  body,  C14H5,  which 
may  also  be  obtained  in  other  forms  of  combination.  Now 
this  organic  substance  C14H5  acts  as  the  basis  of  benzyle,  for 
the  oil  of  bitter  almonds  can  be  reproduced  from  it,  and  we 
thus  obtain  evidence  of  three  stages  of  constitution  in  ben- 
zoic acid,  whose  formula  should  be  written  therefore  as 
(C14.H5,  +  -02)  -f  O.  The  considerations  described  in  p. 
474  point  out  a  perfect  analogy  to  this  in  the  constitution  of 
sulphuric  acid.  Reduced  to  its  ultimate  elements,  its  formula 
is  SO3,  but  powerful  evidence  shows,  that  its  real  basis  is  sul- 
phurous acid,  and  not  sulphur ;  its  rational  formula  being 
SO2  4-  O.  Now  here  the  primary  radical  CmHs,  corresponds 
to  sulphur,  and  benzyle  to  sulphurous  acid.  The  totalquantity 
of  oxygen  in  such  acids  being  divided  into  two  portions,  dif- 
fering in  order  and  intensity  of  combination  with  the  ulti- 
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nate  radical.  If  we  add  to  these  considerations,  the  view  of 
salt-radicals,  and  consider  the  salts  of  benzoic  acid  as  ex- 
pressed by  the  formula  Bz.Os  +  M,  as  that  of  the  sulphates 
has  been  shown  to  be  SO9.O2  +  M,  we  observe  eyen  a  fourth 
degree  to  which  the  molecular  structure  of  the  complex  or- 
ganic radical  may  be  traced- 

It  is  indeed  when  applied  to  explain  the  constitution  of 
the  organic  acids,  that  the  theory  of  compound  radicals,  as 
employed  in  the  new  views  of  the  constitution  of  oxygen 
salts,  appears  most  interesting,  as  the  anomalies  of  properties 
and  composition  presented  by  the  salts  of  the  organic  acids, 
were  more  numerous  and   more  extraordinary,    than  any 
which  the  mineral  acids  presented,  and  were  indeed  totally 
unintelligible,  until  illustrated  by  the  conjoined  investiga- 
tions of  Dumas  and  of  Liebig.     An  example  of  this  may 
easily  be  selected.    Of  the  organic  acids,  the  majority  are 
monobasic  but  there  are  also  many  bibasic  and  tribasic; 
thus  the  citric  acid,  whose  formula  is  CuHsOn  combines  with 
three  atoms  of  base;  the  meconic  acid  CuHOn  is  also  tri- 
basic ;  the  tartaric  acid  C8H4O10  and  the  mucic  acid  CisHgO^ 
are  bibasic.  In  these  instances,  the  quality  of  combining  with 
many  atoms  of  base,  which  is  so  anomalous  on  the  older  view, 
necessarily  follows  from  the  formulas  of  the  hydrated  acids, 
which  become  respectively,  for  citric  acid  C12H5O14-I-  Ha,  for 
meconic  acid  C14HOU  +  H3,  for  tartaric  acid  C8H4O12  +  H9, 
and  for  mucic  acid  CiaHgOie  +  H2*     By  its  means,  many 
other  singular  properties  of  organic  acids  are  explained: 
thus  there  appear  to  exist  three  acids,  having  absolutely  the 
same  composition  of  C2NO,  viz.  the  cyanic,  the  fulminic,  and 
the  cyanuric  acids  ;  they  are  isomeric,  they  possess  exces- 
sively different  properties.     Whence  has  that  difference  its 
rise?  if  we  say  that  the  cyanic  acid  contains  cyanogen  ready 
formed,  and  that  the  others  do  not ;  it  still  remains  to  explain 
the  isomerism  of  the  others ;  and  we  6nd  that  the  cyanic 
and  cyanuric  acids  are  transformed  into  each  other  by  the 
slightest  causes.     We  obtain,  however,  at  once  the  key  to 
this  isomerism,  when  we  study  the  salts  formed  by  these 
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acids.  The  cyanic  acid  is  monobasic^  its  hydrate  is  €2^0 
4-  HO ;  the  fulminic  acid  is  bibasic,  its  hydrate  is  C4N2 
O3  +  2H0  ;  the  cyanuric  acid  is  tribasic,  its  formula  is 
CeNsO  3+  SHO.  These  acids  are  thus  found  to  have  differ- 
ent atomic  weights;  their  molecular  groups  are  ascertained  to 
contain  different  numbers  of  molecules,  and  hence  to  admit 
of  totally  distinct  internal  structure.  When  expressed  in  for- 
mulae on  the  binary  theory »  we  have  C3NO2  +  H^  for  the 
cyanic^  C4N2O4  +  H2  for  the  fulminic,  and  CeNaOe  +  Hajfor 
the  cyanuric  acid,  and  not  merely  the  difference  in  nature 
of  the  acids,  but  also  the  distinctive  characters  of  their  salts 
necessarily  result. 

Although  chemists  are  unanimous  in  regarding  the  prin- 
ciple of  compound  radicals  as  the  basis  of  the  philosophy  of 
organic  chemistry,  yet  science  has  not  yet  arrived  at  the 
point  when  the  principle  is  adopted  by  all  in  the  same  form 
of  detailed  application.  On  the  contrary,  there  are  few  spe- 
cific examples  of  that  principle  that  are  not  still  open  to 
discussion.  The  views  of  Berzelius  on  this  subject  are 
specially  of  importance.  He  considers  that  the  compound 
radicals  of  organic  bodies  consist  only  of  carbon  and  hy- 
drogen, or  of  carbon  and  nitrogen :  that  they  never  contain 
oxygen.  Hence  he  does  not  admit  the  existence  of  benzyle, 
in  benzoic  acid,  or  in  oil  of  bitter  almonds ;  he  considers 
the  only  radical  to  be  the  carbo-hydrogen,  C14H5,  and  ben- 
zoic acid  to  be  directly,  C]4H5  +  O3.  He  looks  upon  the 
oil  of  bitter  almonds  as  containing  ready  formed  benzoic 
acid,  combined  with  the  true  hydruret  of  the  radical,  as 
8  (C14H6O2)  =  2  (CmHs  +  O3)  +  (C14H5  +  H3).  The  chloride 
of  benzyle  he  looks  upon  as  an  oxychloride,  S  (C14H5O2CI) 
being  equal  to  2  (CuH^  +  O3)  +  (C14H5  +  CI3).  This  is 
evidently  the  same  difference  of  view  that  exists  as  to  the 
nature  of  the  sulphurous  acid  compounds,  which  Berzelius 
also  regards  as  more  complex.  Thus  the  chlorosulphurous 
acid  is,  according  to  him,  a  compound  of  sulphuric  acid  with 
a  terchloride  of  sulphur ;  3  (SO2.CI)  =  2.SO3  -f  SCI3 ;  and  so 
in  all  other  bodies  similarly  circumstanced. 
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The  opinions  of  a  man  to  whose  extraordinary  industry 
and  genius  we  owe  some  of  the  most  important  additions 
both  theoretical  and  practical  that  science  has  received 
since  the  epoch  of  Lavoisier,  should  not  be  rejected  without 
much  consideration ;  but  on  applying  those  ideas  to  express 
the  constitution  of  the  crowd  of  bodies,  contiuning  four  or 
five  elements,  which  have  recently  been  discovered,  we  are 
led  to  suppositions  destitute  of  experimental  proof,  and  yet 
which,  assuming  the  existence  of  numerous  hypothetic  bodies 
of  anomalous  constitution,  and  combined  in  very  unusual 
ways,  would  require  for  their  legitimate  admission  into 
science,  a  very  strong  body  of  experimental  evidence.  It 
would  be  impossible  here  to  discuss  the  principles  of  his 
opinion  in  detail;  I  am  led  to  conclude,  from  the  considera- 
tion of  the  whole  body  of  facts  which  bear  upon  it,  that  it  is 
inferior  in  power  and  simplicity  of  explanation  of  known 
facts,  and  as  an  instrument  of  discovery,  to  the  simpler  view 
of  the  constitution  of  organic  bodies  which  has  been  de- 
scribed ;  and  being  thus  de6cient  in  all  the  important  duties 
of  a  sound  theory,  I  do  not  hesitete  to  reject  it 

The  proposition  of  the  theory  of  types,  by  Dumas,  (see 
p.  S80),  will  probably  constitute  an  epoch  in  science,  by 
fixing  attention  on  the  permanent  equivalency  of  an  organic 
atom,  notwithstanding  complete  alteration  in  the  nature  of 
its  elements.  This  did  not  follow  necessarily  from  the  theory 
of  compound  radicals,  nor  does  the  conservation  of  the  type 
require  that  the  radical  be  preserved  unaltered,  but  only  the 
type  of  the  radical.  Thus  when  aldehyd  is  changed  into 
chloral,  (C4H4O3  into  C4HCI3O2),  the  type  is  preserved,  since 
the  hydrogen  is  replaced  by  an  equivalent  of  chlorine ;  the 
radical  is  altered,  since  acetyl,  C4H3,  is  changed  into  C4CI3, 
but  the  new  radical  is  still  constructed  on  the  type  of  the 
original.  The  theory  of  types,  so  far  from  being  inconsis- 
tent with  the  theory  of  compound  radicals,  is  in  perfect  har- 
mony with  it,  at  least  as  I  understand  it,  and  as  I  believe  it 
to  have  been  proposed  by  Dumas.  The  bases  upon  which 
it  rests  may  be  announced  as  follows. 
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I  St.  That  the  hydrogen  of  a  compound  radical  may  be 
replaced  by  chlorinej  or  by  oxygen,  &c.  equivalent  for  equi- 
valent^  and  a  new  radical  thus  produced,  which  being  con* 
structed  on  the  same  type  as  the  original,  will  have  the  same 
general  laws  of  combination,  and  will  hence  form  compounds 
of  the  same  type  as  those  containing  the  original  radical. 
Thus,  from  C4H3  may  be  formed  C4CI3,  and  these,  combining 
with  oxygen  and  water,  form  €4113.0  +  Aq.  or  C4H3.O3  + 
Aq.  and  C4CI3.O  -h  Aq.  or  C4CI3.O3  +  Aq  :  also  by  uniting 
with  chlorine  they  produce  C4H3.C1  and  C4CI3.CL 

2nd.  That  when  bodies  of  the  same  type,  and  containing 
radicals  of  the  same  type,  are  subjected  to  the  action  of 
strong  affinities  by  which  their  constitution  is  broken  up 
the  resulting  products  are  constituted  also  upon  the  same 
plan,  although  differing  in  composition ;  thus  C4H4O4,  when 
heated  with  potash  gives  2.CO3  and  C2H4,  and  C4HCI3O4 
similarly  treated  gives  2.CO3  and  C3H.CI3.  The  types  of 
C3H.H3  and  C3H.CI3,  being  the  same,  and  containing  equi« 
valent  radicals. 

3rd.  When  bodies  of  the  same  chemical,  though  of  dif- 
ferent mechanical  types,  or,  as  I  would  term  them,  bodies 
of  the  same  natural  families,  as  the  alcohols,  are  submitted 
to  the  action  of  affinities  of  equal  power ;  the  bodies  gene* 
rated  have  the  same  relation  to  one  another,  as  the  original 
bodies  had;  and  the  radicals  are  either  unchanged,  or  all 
changed  in  a  similar  degree,  llius  from  wine-alcohol, 
(C4H60a);  methylic  alcohol  (C3H4O3);  essential  oil  of  potato 
spirit,  C10H13O3,  and  ethal,  C33H34O2,  there  are  produced  by 
the  action  of  potash,  a  series  of  acids,  each  having  the  same 
type  and  containing  the  same  radical  as  its  alcohol ;  thus  the 
acetic  acid  (C4H4O4),  the  formic  acid  (C2H304),the  valerianic 
acid  (C10H10O4),  and  the  ethalic  acid  C33H3204- 

Considered  in  this  way,  the  theory  of  types  is  an  important 
addition  to  our  ideas  on  the  constitution  of  organic  bodies. 
It  serves  to  attach,  under  a  few  very  simple  principles,  nu- 
merous classes  of  compounds,  whose  composition  would 
otherwise  appear  very  complex  and  anomalous,  and  will  pro- 
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bably,  when  applied  to  the  study  of  such  bodies  as,  not  con- 
taining compound  radicals,  give  only  their  molecular  group 
as  a  mass  to  our  examination,  become  a  source  of  still  more 
important  additions  to  our  knowledge. 

Although  each  organic  substance  gives,  when  acted  on  by 
reagents,  products  which  are  characteristic  of,  and  often 
peculiar  to  itself,  yet  there  are  some  general  rules  which 
being  now  noticed,  will  obviate  the  necessity  of  much  detail 
hereafter. 

When  an  organic  substance  is  treated  with  dry  chlorine,  it 
either  combines  directly  with  the  gas,  or,  as  more  frequently 
happens,  hydrogen  is  removed  to  an  amount  equivalent  to 
that  of  the  chlorine  absorbed.  Even  in  the  first  case,  the  di- 
rect union  is  often  but  apparent,  and  arises  from  the  muriatic 
acid  formed,  combining  with  the  true  product  Thus  ole- 
fiant  gas,  C4H4,  gives  the  oily  liquid,  C4H4CI2,  but  this,  in 
place  of  being  a  direct  combination,  consists  of  C4H3.CI, 
which  is  the  true  product  formed  by  substitution  of  CI  for 
H,  but  is  united  with  the  H.Cl  thus  generated. 

If  water  be  present,  it  influences  the  reaction  very  much, 
being  generally  decomposed.  In  some  cases,  all  the  chlorine 
unites  with  its  hydrogen,  whilst  the  oxygen  combines  with 
the  organic  substance ;  but,  generally,  the  chlorine  unites 
with  both  elements  of  the  water,  forming  muriatic  acid, 
which  remains  free,  and  hypochlorous  or  chlorous  acids 
which  enter  into  the  composition  of  the  organic  product.  In 
other  cases,  again,  the  presence  of  water  does  not  appear  to 
exercise  any  influence. 

When  an  organic  substance  is  treated  with  nitric  acid, 
it  is  always  raised  to  a  higher  degree  of  oxidation.  Very 
rarely  does  the  action  stop  there.  Hydrogen  is  usually  se- 
parated, and  oxygen  put  in  its  place ;  whilst  the  new  pro- 
ducts formed  contain  usually  a  smaller  number  of  molecules 
than  the  original  organic  substance.  Thus  gum  (C12H10O10), 
when  acted  on  by  nitric  acid,  gives,  first  by  simple  oxidation, 
mucic  acid  (Ci^HioOie) ;  but,  if  the  action  of  the  acid  be 
more  violent,  all  hydrogen  is  removed,  and  two  atoms  of  ox- 
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ygen  substituted,  thus  producing  CiaOis,  the  elements  of  six 
atoms  of  oxalic  acid. 

In  many  cases  the  action  of  nitric  acid  is  not  limited  to 
the  oxidation,  whether  direct  or  indirect »  of  the  organic  sub- 
stanceSy  but,  by  the  removal  of  some  hydrogen  from  it,  in 
combination  with  some  of  the  oxygen  of  the  nitric  acid,  wa- 
ter is  formed,  and  the  nitrogen,  or  nitric  oxide,  or  nitrous 
acid,  combines  with  the  remaining  organic  elements,  and 
forms  new  products.  Thus,  from  napthaline  and  benzine, 
numerous  substances  containing  nitrogen  are  derived.  This 
fixation  of  nitrogen  may  occur  even  with  bodies  which  al* 
ready  contain  it,  thus,  indigo  treated  with  nitric  acid  pro« 
duces  bodies,  the  indigotic  and  the  picric  acids,  which  con- 
tain a  larger  proportion  of  nitrogen  than  the  indigo  itself. 

The  peroxides  of  manganese  and  lead  often  serve  to 
oxidize  organic  bodies  in  a  more  regulated  manner  than 
nitric  acid  ;  the  new  substance  combining  with  the  protoxide 
of  the  metal ;  thus,  by  PbOa,  uric  acid  is  decomposed  into 
allantoin,  urea,  and  oxalic  acid. 

By  fusion  with  hydrate  of  potash,  the  oxidizement  of  or- 
ganic substances  is  very  powerfully  effected ;  water  being  de- 
composed, its  hydrogen  evolved,  and  the  oxygen  uniting  with 
the  organic  body  to  form  an  acid,  which  remains  combined 
with  the  potash.  Thus,  alcohol  C4H6O8  and  2H0,  produce 
acetic  acid,  C4H4O4,  and  H4  becomes  free.  Often  the  or- 
ganic substance  is  merely  broken  up  into  other  bodies  of  sim- 
pler constitution,  as  when  tartaric  acid,  C8H40io»  by  fusion 
with  potash,  is  decomposed  into  acetic  acid,  C4H4O4,  and 
oxalic  acid,  2(C,03).  In  every  case,  if  the  temperature  be 
much  raised,  carbonic  acid  is  one  of  the  products ;  thus  acetic 
acid  (C4H4O4)  separates  into  C4H4  and'2.C03. 

The  action  of  sulphuric  acid  upon  organic  bodies  may  be 
very  difierent,  according  to  circumstances ;  thus,  from  starch 
we  may  obtain,  by  a  merely  catalytic  influence,  gum,  grape- 
sugar,  and  ultimately  sacchulmine.  In  these  cases,  the  sul- 
phuric acid  remains  totally  unchanged  and  free,  but  generally 
it  enters  into  combination  with  the  organic  body;  either  with- 
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oat  decomposition,  as  in  the  sulphovinic  and  sulphomethylic 
acids ;  or  else  water  is  formed  by  its  reaction  on  the  organic 
body,  which,  thus  deprived  of  an  atom  of  hydrogen,  com- 
bines with  hyposulphuric  add,  S^Os*  It  is  thus  that  the  sul- 
phurous element  exists  in  the  sulphobenzoic  acid,  the  isethi- 
onic  acids,  &c. 

If  an  organic  substance  containing  nitrogen  be  acted  on 
by  these  reagents,  at  a  high  temperature,  this  is  generally 
separated  under  the  form  of  ammonia ;  water  being  decom- 
posed, and  its  hydrogen  so  applied,  whilst  its  oxygen  forms 
the  ordinary  oxidized  organic  products.  If  potash  be  the 
reagent,  the  ammonia  is  expelled,  and  a  salt  of  potash  with 
the  new  organic  acid  remains ;  if  sulphuric  acid  be  the  re- 
agent, the  organic  acid  is  set  free,  and  a  sulphate  of  am- 
monia  remains. 

By  the  action  of  heat  upon  fixed  organic  compounds,  a 
variety  of  products  are  formed,  which  may  generally  be  de- 
scribed as  formed  by  the  abstraction  of  a  portion  of  carbon 
and  oxygen,  as  carbonic  acid,  and  of  hydrogen  and  oxjgen 
as  water.  Hence  such  pyrogenic  products  are  always  richer  in 
hydrogen  and  carbon  than  the  bodies  they  are  formed  from, 
and  of  less  acid  characters.  This  kind  of  decomposition  will, 
however,  require  to  be  described  in  a  distinct  chapter. 


CHAPTER  XVII. 

OF  CARBON  AND  ITS  COMPOUNDS  WITH  OXYGEN, 
SULPHUR,  AND  CHLORINE. 

Carbon  exists  in  large  quantities  and  very  extensively  dis- 
tributed in  nature,  as  a  constituent  of  all  vegetable  and  ani- 
mal bodies.  It  is  found  also  in  the  mineral  kingdom,  under 
forms,  however,  which  may  be  shown  to  have  originally  been 
derived  from  organic  bodies.  Thus,  the  different  yarieties 
of  coal  have  been  produced  by  the  aggregation  of  great  quan- 
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titles  of  woody  the  materials  of  primeval  forests^  which  being 
submerged  in  water,  and  covered  by  the  gradually  depo- 
sited layers  of  sand  and  mud,  have  been  elevated,  in  con- 
nexion with  the  strata  of  clay  and  sandstone  so  produced,  to 
their  present  situations.  The  wood  thus  circumstanced  has 
undergone  a  kind  of  decomposition,  which  shall  be  hereafter 
fully  noticed,  and  the  mixture  of  fixed  and  volatile  organic 
products,  which  constitute  our  coal,  has  thus  its  origin. 
This  formation  of  coal,  as  well  as  the  formation  of  peat  and 
turf  at  the  present  day,  almost  at  the  surface,  is  accom- 
panied by  a  disengagement  of  carbonic  acid  in  large  quan« 
tity,  and  hence  the  probable  source,  in  the  air  and  in  mineral 
waters  of  that  substance,  of  which  also  much  may  be  derived 
from  the  respiration  of  animals. 

A  more  strictly  mineral  form  of  carbon  is  that  of  carbonic 
acid  united  to  lime,  and  to  other  metallic  oxides,  forming  the 
numerous  class  of  native  carbonates.  Of  these  the  most 
abundant  is  the  carbonate  of  lime,  which,  under  the  form  of 
chalk,  oolite,  coral,  mountain  limestone,  &c.,  constitutes  a 
large  proportion  of  the  geological  formations  of  our  globe. 
In  all  these  cases,  the  rock  is  formed  of  shells  of  animals, 
aggregated  together  in  great  masses ;  these  geological  for* 
mations,  resulting  from  the  collection,  at  the  bottom  of  a  sea 
or  lake,  of  the  spoils  of  myriads  of  generations  of  those  ani- 
mals, which,  by  superincumbent  pressure,  may  be  more  or 
lesB  densely  aggregated ;  or  by  proximity  of  igneous  rocks, 
may  be  partially  or  completely  fused,  and  their  organic  cha- 
racters obliterated  to  a  greater  or  less  degree.  In  this  way 
the  crystalline  marbles  are  formed,  in  which  few  or  no  traces 
of  organic  origin  remain.  The  comparatively  small  quantity 
of  carbonate  of  lime,  which  is  found  separately  and  distinctly 
crystalline,  either  as  arragonite  or  calc  spar,  may  be  traced 
to  the  solvent  action  of  water  impregnated  with  carbonic 
acid,  filtering  througli  strata  containing  shells,  and  then  gra- 
dually depositing,  in  favourable  situations,  the  matter  it  had 
thus  taken  up,  in  crystals,  the  form  of  which  depends  upon 
the  temperature  at  which  they  are  produced,  (page  371). 
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The  other  native  carbonates,  of  which  the  quantity  is  very 
small  in  comparison  with  that  of  the  carbonate  of  lime,  may 
have  been  produced  by  double  decomposition.  Thus,  a  wa- 
ter, holding  carbonate  of  lime  in  solution,  filtering  across  a 
stratum  containing  oxidized  iron  or  copper  pyrites,  would 
give  origin  on  the  spot  to  a  crystalline  deposit  of  sulphate  of 
lime,  and,  at  a  certain  distance,  carbonate  of  iron  or  of  cop- 
per would  be  separated.  Those  instances  suffice  to  point 
out  the  reasons  for  considering  carbon  as  truly  the  organic 
element,  and  that  its  appearance  in  a  mineralized  condition 
arises  from  secondary  actions. 

Carbon  presents  itself  in  a  great  variety  of  forms.  Abso- 
lutely pure,  it  constitutes  the  diamond,  which  from  its  ex- 
ceeding hardness,  brilliancy,  and  rarity,  ranks  as  the  first 
of  gems.  It  is  found  disseminated  in  alluvial  strata  in  Gol- 
eonda,  Brazil,  &c.,  and  is  separated  from  the  sand  and  mud, 
by  processes  of  washing.  No  deposition  of  diamond  in  rocks 
has  ever  yet  been  found.  It  crystallizes  in  forms  of  the 
regular  system,  generally  having  a  great  number  of  sides, 
bounded  by  curved  edges,  in  virtue  of  which  it  splits  glass 
like  a  wedge,  in  place  of  scratching  it  as  a  file.  Its  crystals 
are  generally  hemihedral,  and  frequently  rough  and  dis- 
coloured at  the  surface.  These  crystals  all  cleave  parallel 
to  the  faces  of  a  regular  octohedron  (fig./,  p.  29),  but  the  pro- 
perties of  the  diamond  separate  it  completely  from  the  proper 
mineral  crystals  of  the  regular  system.  Thus  it  possesses 
double  refraction  in  some  cases;  it  polarizes  light  elliptically; 
its  structure  has  been  found  by  Brewster  to  consist  in  lay- 
ers, sometimes  containing  cavities,  indicating  that  the  crystal 
had  been  originally  soft,  and  only  concreted  by  degrees,  and 
in  the  recent  researches  of  Dumas,  on  the  atomic  weight  of 
carbon,  it  was  found  that  when  burned,  diamonds  generally 
leave  behind  a  minute  skeleton  of  inorganic  matter.  These 
considerations  fully  show,  that  the  diamond  derives  its  origin 
from  the  decomposition  of  organic  matter.  The  diamond  is 
the  hardest  body  known ;  it  cuts  every  other,  and  can  be 
ground  only  by  means  of  its  own  powder.     It  is  usually 
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colourless,  but  sometimes  brown,  or  rose  coloured ;  its  refrac- 
tive powder  is  very  great  (2*439),  whence  its  great  brilliancy. 
It  conducts  beat  and  electricity  very  badly;  it  resists  most 
chemical  agents,  but  burns  in  melted  nitre  brilliantly,  forming 
carbonate  of  potash  ;  it  bums  also  when  heated  to  redness 
in  oxygen  gas,  and  evolves  sufficient  heat  to  maintain 
the  continuance  of  the  combustion ;  its  specific  gravity  is 
about  S'5. 

Another  very  remarkable  form  of  carbon  is,  that  of  pium- 
bagOy  or  graphite.  This  is  found  in  many  localities,  but 
sufficiently  pure  for  the  purposes  of  the  arts,  only  in  Borro- 
dale  in  Cumberland.  It  is  perfectly  opaque ;  crystallized  in 
rhombohedrons,  or  six-sided  tables ;  but  its  usual  appearance 
is  in  brilliant  leaves  or  spangles ;  it  is  soft  and  unctuous  to 
the  touch,  and  gives,  on  paper,  a  continuous  grey  streak, 
whence  its  name  of  blacklead,  and  its  use  in  making  pencils. 
Its  formation  appears  to  be  connected  with  the  action  of 
iron,  and  with  a  high  temperature:  it  is  found  only  in  igneous 
rocks,  as  granite,  and  mica  slate,  and  contains  almost  always  a 
large  quantity  of  iron  intermixed  in  the  metallic  state,  so  that 
it  was  once  supposed  to  be  a  carburet  of  iron.  Graphite  may 
be  formed  artificially,  by  adding  charcoal  to  melted  cast  iron  ; 
the  charcoal  dissolves  largely,  but  on  cooling,  is  found  to 
separate  in  brilliant  flexible  plates,  more  or  less  regularly 
six-sided.  Graphite  is  lighter  than  diamond;  its  specific 
gravity  being  2*5,  and  it  conducts  heat  and  electricity  much 
better.  It  is  very  hard  to  set  on  fire,  and  does  not  continue 
to  burn  unless  heat  be  applied  from  without. 

Carbon,  in  a  form  more  or  less  mixed  with  foreign  matters, 
is  obtained  by  the  application  of  a  very  high  temperature  to 
animal  or  vegetable  substances,  in  close  vessels.  The  kinds 
of  carbon  thus  produced,  still  differ  very  much.  Thus  coke 
is  obtained  by  heating  coal  in  iron  retorts,  until  all  the  vola- 
tile products  are  driven  off,  and  the  excess  of  carbon  re- 
mains mixed  with  the  earthy  matter  which  all  coal  contains. 
The  properties  of  coke  approximate  more  or  less  to  those  of 
graphite,  according  to  the  temperature  at  which  it  has  been 
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produced*  By  the  proximity  of  igneous  rocks  to  coal,  under 
the  earthy  a  similar  expulsion  of  its  volatile  matters  may  be 
•effected^  and  a  form  of  carbon  nearly  pure,  anthracite^  re- 
sults. These  fiiels  are  difficult  to  light,  but  when  once 
ignited,  give  out  an  intense  heat  by  their  combustion. 

If  an  organic  substance,  which  contains  hydrogen  and 
carbon,  be  set  on  fire,  and  that  there  be  a  copious  supply  of 
air,  it  is  totally  converted  into  water  and  carbonic  acid;  but  if 
the  supply  of  air  be  limited,  the  affinity  of  the  hydrogen  for 
the  oxygen  preponderates,  and  no  carbon  is  consumed  until  all 
hydrogen  is  converted  into  water.  By  this  method  of  imper- 
fect combustion,  several  forms  of  carbon  are  prepared,  such 
as  wood-charcoal,  and  lampblack.  If  we  take  a  splinter  of 
wood  and  set  it  on  fire,  we  observe  that  at  first  only  the 
volatile  products  of  the  wood  burn  with  flame,  and  that  a 
mass  of  charcoal  forms  inside,  and  remains  unaltered  as  long 
as,  being  surrounded  by  flame,  it  is  protected  firom  the  air ; 
but  when  the  end  projects  beyond  the  flame,  it  ignites,  and 
burns  away,  leaving  only  a  trifling  ash.  If,  however,  a  tube 
be  taken,  and  as  in  the  figure,  as  the  combustion  advances 
along  the  stick  i,  the  burned  portion  a  be  gradually 
plunged  into  a  narrow  tube,  this  becomes  fiUed  with 
carbonic  acid,  which  does  not  support  combustion, 
and  the  cylinder  of  charcoal  formed  may  thus  be 
permanently  preserved ;  on  this  principle  wood-char- 
coal  is  prepared.  Billets  of  wood  are  heaped  together 
regularly,  so  as  to  form  a  hemispherical  mass  of 
about  forty  feet  diameter;  in  the  centre  a  hole 
reaches  from  the  top  to  the  bottom,  forming  a  chimney.  The 
outside  is  then  coated  with  sods,  so  as  to  render  it  impervious 
to  air,  except  at  the  bottom,  where  some  apertures  are  left. 
Burning  charcoal  is  then  thrown  into  the  chimney,  and  the 
fire  communicating  to  the  billets,  these  burn  with  a  supply  of 
air  so  limited,  that  the  charcoal  remains  unconsumed ;  the  com- 
bustion commencing  at  the  top  and  proceeding  down.  The 
outside  of  the  heap  is  then  covered  with  denser  sods,  so  as  to 
cut  ofi*  the  supply  of  air  as  the  combustion  proceeds.     When 
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the  carbonization  has  been  completed,  the  whole  mass  is 
covered  up  and  allowed  to  cool  perfectly  before  being  opened. 
In  this  country,  most  of  the  charcoal  used  is  obtained  in  the 
preparation  of  vinegar  by  the  destructive  distillation  of  wood, 
as  will  be  hereafter  noticed.  The  quantity  of  charcoal  pro- 
duced from  wood  varies  very  much  with  the  rapidity  of  the 
process ;  the  generality  of  fresh  woods  yielding  but  thirteen 
or  fourteen  per  cent,  by  a  rapid  decomposition,  whilst  when 
slowly  charred  they  may  yield  twenty-five  or  twenty-six.  The 
mode  of  conducting  the  process,  therefore,  must  be  changed 
according  as  the  residual  charcoal,  or  the  volatile  materials, 
are  the  most  valuable  products.  The  charcoal  preserves,  in 
a  remarkable  manner,  the  structure  of  the  wood  from  which 
it  is  produced,  so  that  by  the  microscope  some  of  the  most 
delicate  forms  of  vegetable  organization  may  be  traced  in 
charcoal  that  had  been  slowly  prepared. 

Lampblack  is  formed  by  a  still  more  direct  application  of 
the  principle  of  imperfect  combustion.  In  the  apparatus  re- 
presented in  the  figure,  a  is  a  pot  placed  in  a  furnace  which  is 
vaulted  over,  so  that  all  vapour  from  it 
may  pass  into  the  chamber,  6,  c,  whilst 
by  some  apertures  a  small  quantity  of  air 
is  allowed  to  sweep  over  its  surface; 
the  sides  of  the  round  chamber  are 
lined  with  leather,  and,  above,  is  a  coni- 
cal cover  of  coarse  linen,  rf,  through 
which  the  draught  from  the  furnace 
passes,  and  which  may  be  lowered  or 
raised  by  the  cord  and  pulley.  A  quantity  of  pitch  or  tar 
is  placed  in  the  pot  and  made  to  boil ;  it  takes  fire,  and  as  the 
quantity  of  air  which  has  access  to  it  is  very  small,  the 
hydrogen  alone  burns,  and  the  carbon  being  carried  up  by 
the  current  in  a  very  finely  divided  state,  is  deposited  on  the 
Sides  and  cover  as  an  impalpable  powder. 

Animal  charcoal  is  produced  by  the  decomposition  of 
animal  matters  in  close  vessels.  From  its  properties,  which 
I  shall  just  now  notice,  it  is  manufactured  in  large  quantities 
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for  the  arts,  especially  from  bones,  and  is  hence  called,  tvory- 
black  or  bone-black.  The  bones  are  placed  in  iron  cylinders, 
which  are  arranged,  vertically  or  horizontally,  in  a  furnace, 
in  connexion  with  a  series  of  condensing  vessels  containing 
water ;  the  volatile  constituents  of  the  animal  matter  being 
expelled,  principally  as  carbonate  of  ammonia,  of  which  a 
large  quantity  is  thus  made,  the  excess  of  carbon  remains  in 
a  state  of  very  minute  division  mixed  with  the  earth  of  bones 
(phosphate  of  Uroe). 

Some  of  the  most  important  uses  of  carbon  are  founded 
on  properties,  which  the  various  forms  of  it  possess  in  dif- 
ferent degrees.  Its  inflammability  varies  with  its  density  and 
closeness  of  aggregation ;  being  least  in  graphite,  and  be- 
coming so  great  when  wood  charcoal,  prepared  at  a  low  tem- 
perature, has  been  reduced  to  powder  for  the  preparation  of 
gunpowder,  as  to  inflame  sometimes  spontaneously  and  give 
rise  to  destructive  accidents.  Carbon  possesses  a  remarkable 
tendency  to  unite  with  colouring  and  odorous  substances. 
This  property  is  specially  possessed  by  ivory  black,  in  con- 
sequence of  the  extreme  degree  of  division  of  its  particles. 
When  a  purely  organic  body  yields  carbon,  the  molecules  of 
the  latter  aggregate  themselves  to  a  degree  which  depends 
on  the  temperature,  and  if,  as  in  wood,  there  be  a  fusible  ash 
present,  this  acts  as  a  cement^  and  diminishes  the  porosity 
very  much.  If  the  organic  substance  be  fusible,  as  starch  or 
sugar,  the  closeness  of  texture  of  the  charcoal  becomes  still 
greater,  and  its  utility  less ;  but  in  bones,  the  molecules  of 
organic  matter  are  separated  by  an  infusible  earthy  salt,  and 
when  carbonized,  the  charcoal  is  obtained  in  the  greatest 
possible  state  of  comminution.  A  still  more  efficient  cbar- 
coal  is  formed  by  calcining  dried  blood,  hoofs,  or  horns,  with 
carbonate  of  potash,  which  prevents  the  aggregation  of  the 
particles  of  carbon,  which,  the  alkaline  salt  being  washed  out 
with  water,  is  left  in  the  most  active  condition  possible.  In 
the  arts  this  property  is  applied  to  the  purification  of  sugar; 
to  clearing  solutions  of  many  organic  substances;  and  barrels 
in  which  water  is  to  be  kept  are  charred  on  the  insides  in 
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order  to  remove  any  organic  matter  described  in  the  water, 
which  might  be  liable  to  putrefy. 

The  following  table  contains  some  numerical  results  of 
the  relative  decolorizing  power  of  equal  quantities  of  carbon 
in  various  forms  ;  the  first  column  containing  the  number  ex- 
pressing the  power  of  removing  the  colour  of  a  solution  of 
indigo,  and  the  second  column  that  of  a  solution  of  coarse 
sugar.    The  power  of  ivory  black  is  taken  as  the  standard : 


Kinds  of  CharooaL 

Indigo. 

Sugar. 

Common  ivorv  hla.ck.       ......••. 

I 

4 

17 

5-6 
11-9 
11-9 

1-9 

45-3 
50 

1 
H 

10 

4*4 
8-9 
10 
1-7 

20 
20 

Well  ignited  lampblack, 

Lampblack  ignited  with  potashes, 

Charcoal  from  the   decomposition  of  acetate  of 
Dotash. ••..... 

Starch  ignited  with  potashes, 

filood  ignited  with  phosphate  of  lime,     .... 
Ivory  black  digested  in  muriatic  acid,     .... 
Ivory  black  digested  in  muriatic  acid,  and  after- 
wards ignited  with  potashes, 

Blood  ignited  with  potashes, 

The  decolorizing  power  is  thus  not  the  same  for  all 
bodies.  If  charcoal  that  had  once  been  used  be  again  ig^ 
nited,  it  does  not  recover  its  activity,  as  the  colouring  matter 
fuses  before  charring  and  thereby  lessens  its  porosity. 
Charcoal  possesses  also  a  remarkable  power  of  absorbing 
gases.  If  a  fragment  of  wood  charcoal,  which  had  been 
strongly  heated,  and -allowed  to  cool  without  access  of  air, 
be  introduced  into  a  tube,  containing  ammoniacal  gas,  in  the 
mercurial  pneumatic  trough,  an  immediate  absorption  oc- 
curs, to  the  amount  of  ninety  times  the  volume  of  the 
charcoal.  In  other  cases  the  absorption  is  not  so  great, 
a  cubic  inch  of  boxwood  charcoal,  which  is  the  most  active^ 
absorbing 
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9d  oibic  inches  of  umnonia. 
85  „  mnri«tic  add. 

65  „  salphnroas  mdd. 

55  „  sulphuretted     hy- 

drogen. I     1*75  „  hydrogen. 

S5  „  olefiantgUL 


40  cubic  inches  of  Ditrous  oxide. 
55  „  ctrbonic  acid. 

9-25  „  oxygen. 

7*5  „  nitn^n. 


These  gases  in  this  absorption  undergo  no  chemical 
change,  but  appear  to  be  retained  on  the  surface  of  the 
pores  of  the  charcoal  by  powerful  cohesion,  and  probably  in 
the  liquid  form,  as  it  is  such  gases  as  may  be  rendered  liquid 
by  pressure  that  are  absorbed  in  larger  quantity. 

The  number  expressing  the  atomic  weight  of  carbon  is 
not  at  present  exactly  known.  By  Drs.  Prout  and  Thomp- 
son it  was  fixed  at  seventy-five  upon  the  oxygen,  and  six 
upon  the  hydrogen  scale;  but  the  investigations  of  Berzelius 
and  Dulong  induced  the  majority  of  chemists  to  adopt  a 
higher  number,  76*4,  or  6*13.  The  latest  experiments  of 
Dumas  and  Stass  directed  to  the  determination  of  this 
point,  induce  those  eminent  chemists  to  recur  to  the  ori- 
ginal number  75 ;  whilst  Liebig  and  Redtenbachar  have 
deduced  from  their  researches,  the  numbers  75-8.  Dr. 
Clarke,  from  a  re-examination  of  Berzelius^  results,  finds 
that  they  give,  when  corrected  for  some  minute  sources  of 
error,  75*6,  and  until  opinion  becomes  more  unanimous  upon 
this  important  point,  I  shall  assume  as  the  number  express- 
ing the  equivalent  of  carbon,  75*6  upon  the  oxygen,  and 
6*05  upon  the  hydrogen  scale. 

If  we  admitted  the  truth  of  Dulong  and  Petit's  law,  (pp.  103, 
356),  connecting  the  specific  heat  with  the  atomic  weights 
of  bodies,  we  should  consider  the  equivalent  of  carbon  to  be 
double  that  above  given,  as  Regnault  has  found  the  specific 
heat  to  be  0*241.  This  idea  appears  favoured  by  the  fact, 
that  it  is  doubtful  whether  there  really  exists  a  combination  of 
carbon,  containing  an  odd  number  of  equivalents,  taking  the 
number  as  6*05.  But  the  force  of  this  result  is  totally  ob- 
viated by  the  fact,  that  the  specific  heat  of  carlxHi  varies 
with  its  state  of  aggregation  so  much,  that  for  poplar  charcoal 
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it  is  0*296,  and  for  diamond  but  0*147 ;  hence  we  cannot  con- 
nect these  numbers  with  the  chemical  equivalent  of  the  body. 
Notwithstanding  that  carbon  is  absolutely  infusible  and 
fixed,  yet  from  the  variety  of  gaseous  and  volatile  compounds 
into  which  it  enters,  and  whose  constitution  is  remarkably 
illustrated  by  the  application  of  the  theory  of  volumes,  car' 
bon  vapour  is  frequently  spoken  of  by  chemists,  although 
its  existence  is  purely  hypothetical.  I  have  mentioned 
(p.  351)  the  difference  of  opinion  as  to  its  sp.  gr.  which  I 
assume  at  843.  The  new  results  would  appear  to  show,  that 
it  is  really  but  836'8  upon  the  one,  or  418*4  upon  the  other 
view. 

General  Principles  of  Organic  Analysis. 

Substances  which  contain  much  carbon  are,  in  general, 
easily  recognized,  by  their  being  more  or  less  combustible 
and  forming  carbonic  acid  when  burned,  besides  often  leaving 
a  carbonaceous  residue.  Even  where  the  foodies  are  not  in- 
flammable, simply,  they  deflagrate  more  or  less  violently  when 
heated  with  nitre,  and  form  carbonate  of  potash. 

Although  it  is  not  within  the  scope  of  the  present  work 
to  embrace  the  details  of  chemical  analysis,  it  would  yet  be 
improper  to  omit  a  general  description  of  the  methods 
adopted  for  the  determination  of  the  quantities  of  carbon, 
hydrogen  and  nitrogen,  which  enter  into  the  constitution  of 
organic  bodies.  The  general  principle  upon  which  this  pro- 
cess is  carried  out,  consists  in  supplying  oxygen  so  abun- 
dantly to  the  organic  substance,  as  that  all  its  carbon  shall 
be  converted  into  carbonic  acid,  and  all  its  hydrogen  into 
water,  and  yet  the  supply  of  oxygen  shall  be  so  graduated, 
and  the  decomposition  so  regularly  progressive,  as  to  admit 
of  the  products  being  collected  with  accuracy.  The  nitrogen 
is  always  determined  by  an  independent  operation,  in  which 
the  other  elements  are  neglected ;  and  although  processes 
have  been  proposed,  which  provided  for  a  direct  valuation 
of  the  oxygen,  it  is  found  in  practice  better  to  obtain  its 
value,  by  subtracting  the  weight  of  all  the  other  constituents 
from  that  of  the  substance  employed.     For  the  analysis  of 
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an  organic  substance,  there  are  therefore  two  processes ;  the 
first,  to  determine  the  carbon  and  hydrogen,  and  the  second 
to  determine  the  amount  of  nitrogen. 

The  substance  generally  used  to  supply  oxygen  is  the 
black  oxide  of  copper,  prepared  by  gently  igniting  the  ni- 
trate. Sometimes  chromate  of  lead  is  employed,  parti- 
cularly for  bodies  rich  in  chlorine.  Where  the  substance  to 
be  analyzed  burns  with  difficulty,  it  is  often  necessary,  in 
order  to  be  certain  of  the  complete  combustion  of  the  carbon^ 
to  pass  a  stream  of  oxygen  gas  over  it  at  the  termination  of 
the  process. 

A  straight  tube  of  hard  Bohemian  glass  of  about  sixteen 
inches  long,  and  from  ^  to  ^  inch  diameter,  is  to  be  drawn  out 
at  one  end  to  a  point,  which  is  to  be  sealed  and  turned  up, 
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as  in  the  figure.  Some  oxide  of  copper  (or  chromate  of  lead, 
as  the  case  may  be)  is  to  be  then  poured  in  so  as  to  occupy 
about  two  inches  of  the  tube  next  the  bottom.  As  much  oxide 
of  copper  as  will  occupy  about  six  inches  of  the  tube  is  to  be 
then  intimately  mixed  with  the  substance  to  be  analyzed,  if 
it  be  solid,  by  rubbing  in  a  mortar,  and  this  mixture  then 
introduced.  The  mortar  is  next  to  be  rinsed  out  with  as 
much  oxide  of  copper  as  will  fill  two  or  three  inches,  and, 
finally,  pure  oxide  of  copper  is  to  be  placed  for  about  three 
inches  in  front  of  all.  The  whole  materials  thus  introduced 
will  occupy  about  fourteen  inches  of  the  tube,  when  it  is 
shaken  down  by  tapping  it,  nearly  horizontally  on  the  edge 
of  a  table,  so  as  to  leave,  as  in  the  figure,  where  the  dotted 
lines  mark  the  spaces  of  the  several  portions,  a  free  passage 
above  the  materials  from  end  to  end  of  the  tube.  In  these 
operations  the  greatest  care  must  be  taken  to  avoid  all  access 
of  moisture;  the  tube,  the  mortar,  and  the  substance,  must  be 
made  absolutely  dry,  and  the  oxide  of  copper,  being  power- 
fully hygroscopic,  should  be  ignited  before  each  operation, 
and  allowed  to  cool,  under  a  bell  glass  with  a  capsule  of  oil 
of  vitriol,  or  by  being  placed  whilst  very  hot  in  a  long  dry 
tube,  which  is  then  to  be  corked  completely  tight.     After 
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the  substance  and  oxide  of  copper  have  been  placed  in  the 
tube,  it  is  generally  necessary  to  remove  even  the  traces  of 
damp  which  might  have  been  absorbed,  by  exposure  to  the 
air,  during  the  mixing  in  the  mortar.  This  is  done  by  means 
of  a  small  exhausting  syringe,  which  is  attached  to  the  com- 
bustion tube  by  a  cork,  a  tube  containing  fused  chloride  of 
calcium  being  interposed.  The  combustion  tube  is  bedded 
in  warm  sand,  and  by  means  of  the  syringe,  the  damp  air  it 
contains  is  withdrawn,  and  replaced  by  air  which  passing 
over  the  chloride  of  calcium  becomes  completely  dry.  After 
a  few  repetitions  of  this  process  all  moisture  is  removed,  and 
the  combustion  tube  is  ready  to  be  attached  to  the  other 
parts  of  the  apparatus. 

These  are,  1st,  a  tube  of  the  form  represented  in  the 
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figure,  into  which  a  little  cotton  wool  is  dropped  at  a,  and  it 
is  then  filled  with  recently  fused  chloride  of  calcium  in  frag- 
ments of  the  size  of  a  split  pea.  At  6  a  little  cotton  wool  is 
also  placed,  and  a  small  tube  is  connected  with  it  by  a  cork. 
To  its  smaller  end,  a  cork  is  adapted,  which  accurately  fits 
the  end  of  the  combustion  tube,  and  which  has  been  care- 
fully dried.  This  apparatus  (but  without  the  last  cork)  is 
carefully  weighed  before  the  operation. 

The  2nd  apparatus  is  the  potash  bulb-tube, 
the  invention  of  which  by  Liebig  was  the  great 
cause  of  the  rapid  progress  of  organic  chemistry 
within  the  last  few  years,  as  it  facilitated  the 
analysis  of  organic  bodies  in  a  remarkable  degree.  It  con- 
sists of  a  tube  on  which  are  blown  five  bulbs;  the  three  inte- 
rior communicating  by  pretty  wide  openings,  but  each  outer 
bulb  separated  from  the  others  by  a  couple  of  inches  of  tube. 
The  proportions  of  the  respective  bulbs  may  be  collected 
from  the  figure,  which  represents  also  the  form  into  which 
the  tube  is  bent.  The  three  central  bulbs  are  to  be  nearly 
filled  with  a  strong  solution  of  caustic  potash  (sp.  gr.  1'25), 
and  the  apparatus  attached  to  the  small  tube  6,  of  the  water 
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tube  by  a  caoutchouc  connector  tied  very  carefully  on.  It  U 
to  be  allowed  to  incline,  at  the  angle  represented  in  the  next 
figure,  80  that  the  carbonic  acid  gas,  when  passing  through 
it,  shall  bubble  from  bulb  to  bulb,  without  any  danger  of  ex- 
pelling any  portion  of  the  liquor. 

The  combustion  tube  is  to  be  placed  in  a  sheet  iron  fur- 
nace, the  form  and  size  of  which  may  be  collected  from  the 


figure,  its  open  end  so  far  projecting  (1^  inch)  as  that  the 
cork  by  which  the  water  tube  is  attached  shall  not  be  in  any 
dangerof  being  charred,  but  yet  shall  be  so  hot,  that  no  water 
can  condense  upon  it.  The  joinings  being  found  to  be  com- 
pletely tight,  and  the  water  tube  and  potash  bulbs  being 
attached,  and  arranged  as  in  the  figure,  the  analysis  may  be 
proceeded  with.  Some  ignited  charcoal  is  to  be  placed  round 
the  first  three  inches  of  the  tube,  and  when  the  pure  oxide  of 
copper  is  completely  red-hot,  the  next  portion,  which,  having 
rinsed  out  the  mortar,  contains  some  traces  of  the  organic 
substance,  is  to  be  similarly  ignited.  The  hydrogen  of  the 
substance  reduces  the  oxide  of  copper,  and  forms  water, 
which  is  collected  by  the  chloride  of  calcium  in  the  water 
tube,  and  the  carbon  also  reducing  the  oxide  of  copper  is 
converted  into  carbonic  acid,  which  being  dried  in  passing 
over  the  chloride  of  calcium  is  totally  absorbed  by  the  potash 
in  the  bulbs.  By  the  addition  of  burning  charcoal,  the  com- 
bustion of  the  organic  matter  is  made  to  progress  down  the 
tube,  the  operator  being  directed  in  his  proceedings  by  the 
rate  at  which  the  evolution  of  carbonic  acid,  and  its  absorp- 
tion, proceed,  until  he  arrives  within  two  inches  of  the  end 
of  the  tube.  He  then  stops  until  he  has  made  the  point  and 
the  pure  oxide  of  copper  near  it  red  hot,  and  then  closes  in 
the  charcoal  on  the  remaining  space. 
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The  combustion  being  thus  completed,  the  tube  remains, 
however,  occupied  by  a  mixture  of  watery  vapour  and  car- 
bonic acid,  which  must  not  be  lost ;  for  this  the  point  of  the 
tube  serves.  It  is  broken  with  a  nippers,  and  then  a  current 
of  air  is  gently  sucked,  by  means  of  a  tube  fitted  to  the 
potash  bulb-tube,  through  the  whole  apparatus;  this  car- 
ries the  water  vapour  to  the  water  tube,  and  the  carbonic 
acid  to  the  potash,  so  that  all  the  products  of  the  combustion 
are  obtained.  The  apparatus  is  then  taken  asunder,  and 
the  potash  tube  and  water  tube  weighed,  the  increase  of 
weight  gives  of  course  the  quantities  of  .carbonic  acid  and  of 
water  collected,  and  hence,  by  simple  calculation,  the  pro- 
portions of  carbon  and  hydrogen,  contained  in  the  quantity 
of  substance  that  had  been  operated  on. 

If  the  substance  had  been  one  very  difficult  to  bum,  and 
hence  requiring  oxygen  to  finish  its  combustion,  the  tube 
is  not  drawn  out  at  the  end,  but  widened  a  little  so  as  to 
form  a  small  bulb  in  which  some  chlorate  of  potash  is  placed. 
At  the  end  of  the  process,  this  being  heated  evolves  oxygen, 
which  not  only  burns  any  traces  of  carbon  that  might  re- 
main, but  serves  also  to  carry  the  carbonic  acid  and  vapour 
fully  into  the  water  tube  and  bulbs. 

There  are  a  variety  of  circumstances  to  be  attended  to  in 
this  operation,  in  order  to  obtain  the  high  degree  of  accu- 
racy which  alone  confers  value  on  numerical  results.  These 
can  be  learned  only  in  the  laboratory,  and  not  even  from  the 
most  detailed  description.  My  object  is  merely  to  afibrd  an 
idea  of  the  general  principles  of  the  method. 

If  the  substance  to  be  analysed 
be  liquid  and  volatile,  it  is  introduced 
into  small  bulbs  of  the  size  of  the 
figure,  by  the  method  given  in  page  9.  There  are  generally 
two   of  these  bulbs,  one  placed  abo\it  two  and  the  other 


o 
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about  six  inches  from  the  sealed  end  of  the  tube,  as  shown 
in  the  figure ;  the  little  stem  is  broken  across  in  the  act  of 
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introducing  thenif  so  that  the  liquid  may  easily  flow  out, 
when  by  the  approach  of  a  piece  of  red  hot  charcoal,  it  is 
gently  heated,  so  as  to  form  vapour.  The  peculiar  precau- 
tions necessary  in  the  management  of  the  analysis  of  such 
bodiesi  and  the  methods  adopted  for  non-volatile  liquids^  and 
other  bodies  of  peculiar  properties  can  only  be  learned  by 
experience,  and  do  not  fall  within  my  purpose  to  describe. 

To  determine  the  nitrogen  of  an  organic  substance,  a 
long  combustion  tube  is  taken  (2  or  2*5  feet),  sealed  at  one 
end,  but  not  drawn  out,  as  in  the  figure.    Next  the  sealed 

II  !  !     i 


end  is  placed  carbonate  of  copper,  for  a  space  of  six  or 
eight  inches,  and  then  the  pure  oxide  of  copper,  the  mixture, 
the  rinsing  of  the  mortar,  and  again,  pure  oxide,  occupying 
fourteen  or  fifteen  inches,  exactly  as  in  the  former  case ;  in 
front  of  all  five  or  six  inches  are  occupied  by  clean  metallic 
copper,  in  a  finely  divided  state,  either  as  reduced  by  hy- 
drogen from  the  oxide,  or  as  very  thin  turnings.  These 
divisions  and  the  general  form  of  the  tube  are  given  by  the 
figure.  To  the  combustion  tube  there  is  fitted  by  a  tigbt 
cork,  a  quill  tube,  which  is  in  connexion  on  the  one  hand 
with  an  exhausting  syringe,  and  then,  by  a  vertical  tube 
more  than  thirty  inches  long,  passes  to  the  mercurial  pneu- 
matic trough.  All  the  joinings  being  found  tight,  and  the 
combustion  tube  arranged  in  the  furnace,  red  hot  charcoal  is 
applied  to  the  closed  end  of  the  tube,  where  it  disengages 
carbonic  acid  from  the  carbonate  of  copper,  which  sweeping 
through  the  apparatus  expels  the  atmospheric  air.  To 
render  this  the  more  effectual,  the  whole  apparatus  is  ex- 
hausted by  the  syringe,  and  again  filled  with  carbonic  acid, 
and  this  is  continued  until  the  bubbles  of  gas  which  come 
over  are  perfectly  absorbed  by  solution  of  potash.  In  this 
expulsion  of  the  air  of  the  apparatus,  not  more  than  one-half 
of  the  carbonate  of  copper  should  have  been  used. 

The  fire  is  now  to  be  withdrawn  from  the  closed  end  of 
the  tube,  and  applied  to  the  part  occupied  by  the  metallic 
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copper.  When  this  is  red-hot,  the  combustion  is  carried  back- 
wards, just  as  in  the  former  example,  and  when  all  the  sub- 
stance has  been  burned  the  coals  are  applied  to  the  remain- 
ing carbonate  of  copper,  which,  evolving  carbonic  acid, 
clears  out  all  the  nitrogen  of  the  apparatus,  just  as  it  had  in 
the  commencement  cleared  out  all  the  atmospheric  air.  The 
mixed  gases  that  are  produced  in  this  operation  are  received 
in  a  bell  glass  which  contains  some  strong  solution  of  potash, 
by  which  the  carbonic  acid  is  absorbed,  and  the  nitrogen 
remaining  may  then  be  measured.  The  volume  of  gas  is  next 
to  be  corrected  for  temperature  and  pressure,  as  directed  in 
pp.  19  and  137,  and  its  weight  then  calculated. 

The  use  of  the  metallic  copper  in  the  front  of  the  mixture 
requires  notice  ;  when  nitrogen  passes  over  red  hot  oxide  of 
copper,  there  is  always  some  nitric  oxide  formed,  which 
would'  falsify  the  result,  as  its  volume  is  double  that  of  the 
nitrogen  it  contains ;  but  nitric  oxide  is  completely  decom- 
posed by  red-hot  metallic  copper,  pure  nitrogen  being 
evolved,  and  hence  the  purity  of  the  resulting  gas  is  secured 
by  this  arrangement.  Indeed,  in  all  combustions  of  an  azo- 
tized  body,  the  mixture  should  have  some  bright  metallic 
copper  in  front  of  it. 

The  direct  valuation  of  nitrogen  is  thus  a  very  delicate 
operation,  and  occupies  several  hours.  If  the  substance 
contain  a  large  quantity  of  nitrogen,  its  amount  may  be  in- 
directly ascertained  in  a  much  simpler  way.  The  quantity 
of  carbon  in  the  substance  is  first  learned  by  an  ordinary 
analysis,  then  another  combustion  tube  is  arranged,  with 
very  clean  copper  in  front ;  but  in  place  of  adapting  the 
water-tube  and  bulbs,  the  water  is  taken  no  count  of,  and 
the  gases  evolved  are  collected  in  narrow  graduated  tubes, 
over  mercury.  In  order  to  clear  out  the  air  from  the  tube, 
some  of  the  mixture  next  the  sealed  end  is  first  ignited,  and 
the  gas  allowed  to  escape ;  the  tubes  being  filled  from  the 
products  of  the  subsequent  periods  of  combustion.  In  this 
case,  no  weights  need  be  attended  to,  as  it  is  only  the  analy- 
sis of  the  gas  in  the  tubes  that  is  required  for  the  result.   The 
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Tolutne  of  gas  in  a  tube  being  marked,  some  solution  of 
potash  is  introduced  and  agitated  in  it.  The  carbonic  acid 
is  absorbed,  and  the  nitrogen  remains,  the  volume  of  which 
is  read  off,  taking  care  that  the  level  of  the  mercury  is  the 
same  inside  and  outside  the  tube.  The  relative  volumes  of 
the  carbonie  acid  and  nitrogen  gases  are  thus  found ;  and  as  an 
equal  volume  represents  an  atom,  for  each,  the  relative  num- 
ber of  atoms  of  carbon  and  nitrogen  is  thus  determined ; 
and  as  the  total  quantity  of  carbon  is  known  by  a  previous 
experiment,  the  total  quantity  of  nitrogen  may  be  calculated. 
When  the  relation  of  the  number  of  atoms  of  carbon  to  those 
of  nitrogen  is  simple,  as  occurs  in  cyanogen  and  oxamide, 
CtN,  mellon,  CaN^jCaffein  and  taurine  C4N,  this  method  gives 
very  accurate  results. 

Where  the  organic  substance  contains  chlorine,  sulphur, 
arsenic,  &c.,  it  is  to  be  destroyed  by  nitric  acid,  or  by  ignition 
with  potash  or  lime,  and  the  inorganic  constituents  then  de- 
termined in  the  ordinary  way.  In  organic  salts,  the  metallic 
basis  is  determined  by  igniting  the  substance,  burning  away 
the  organic  element,  and  determining  the  quantity  of  inor- 
ganic base,  by  whatever  method  is  best  suited  to  its  in- 
dividual nature. 


Carbon  combines  with  oxygen  in  several  proportions,  of 
which  three,  those  in  which  it  forms  the  carbonic  dkide, 
and  the  carbonic  and  oxalic  acids,  are  the  most  important, 
and  deserve  the  most  detailed  description. 

Of  Carbonic  Acid.  Eq.  275-6,  or  2205. 

Carbonic  acid  exists  in  the  atmosphere,  as  a  product  of 
combustion,  and  of  the  respiration  of  animals.  Combined 
with  metallic  oxides,  it  forms  the  numerous  class  of  native 
earthy  and  metallic  carbonates,  of  which  the  carbonate  of 
Bme  is  much  the  most  important.  It  is  a  result,  also,  of  the 
slow  decomposition  of  most  vegetable  substances,  and  is 
evolved  in  great  quantity  from  the  ground  in  volcanic  coun- 
tries.   In  the  fermentation  of  sugar,  it  is  produced  in  abun- 
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dance  along  with  alcohol.  For  the  purposes  of  the  chemist, 
it  is  generally  prepared  by  decomposing  marble,  or  calc« 
spar,  by  means  of  any  stronger  acid ;  from  its  cheapness, 
and  the  solubility  of  the  residual  salt,  muriatic  is  generally 
employed.  Some  fragments  of  white  marble  being  placed  in 
a  wide-necked  bottle,  the  acid  diluted  with  its  own  volume 
of  water  is  poured  in  by  a  funnel  tube,  as  in  the  figure,  p. 
400,  and  the  gas  which  is  evolved  is  conducted  by  the  bent 
tube,  to  be  made  use  of  as  required.  The  reaction  consists 
in  HCl  and  CaO.CO^,  producing  HO  and  Ca.Cl,  which 
remains  in  the  bottle,  whilst  CO2  is  driven  off.  Carbonic 
acid  being  dissolved  by  water,  and  it  being  generally  re- 
quired in  larger  quantity  than  it  is  convenient  to  collect 
over  mercury,  we  take  advantage  of  the  density  of  the 
gas,  to  collect  it  in  dry  jars,  as  described  and  figured  for 
chlorine  in  p.  492.  The  jar  is  known  to  be  full  when  a 
lighted  taper,  applied  near  the  mouth,  is  instantly  extin- 
guished. 

The  properties  of  carbonic  acid  are  very  remarkable  ;  it 
is  perfectly  colourless,  and  invisible ;  it  is  irrespirable,  pro- 
ducing, when  an  attempt  is  made  to  breathe  it,  violent  spasms 
of  the  glottis.  If  it  be  inspired,  mixed  with  air,  even  in  the 
proportion  of)  to  10,  it  gradually  produces  stupor  and  death, 
acting  as  a  narcotic  poison.  Its  specific  gravity  is  1*521.  It 
hence,  when  disengaged  in  large  quantities,  whether  by 
natural  operations,  or  in  processes  of  manufacture,  accumu- 
lates in  all  cavities  within  its  reach,  and  may  cause  fatal  ac- 
cidents to  animals  who  enter  unadvisedly.  Thus,  workmen 
engaged  in  cleaning  out  dry  wells  or  vaults,  or  the  large  vats 
from  which  fermenting  liquors  have  been  run  off,  should 
carefully  observe,  whether  a  candle  can  remain  for  some  time 
burning  brightly  at  the  bottom.  In  volcanic  countries, 
caverns  are  frequently  occupied,  to  the  level  of  their  surface, 
by  this  gas,  exhaled  from  the  ground ;  and  an  experiment 
often  tried,  to  amuse  the  traveller,  consists  in  walking  into 
such  a  cavern  with  a  dog,  which,  holding  the  head  near  the 
floor,  is  almost  instantly  asphixiated  by  the  layer  of  carbonic 
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acidy  whilst  the  meD,  whose  heads  are  above  its  level, 
breathe  pure  air ;  the  dog  on  being  thrown  immediately  into 
a  neighbouring  pond,  recovers  from  his  stupor.  Carbonic 
acid  does  not  support  combustion.  A  taper  plunged  into  a 
jar  full  of  the  gas  is  instantly  extinguished,  and  the  high 
specific  gravity  of  the  gas  may  be  well  shown  by  placing  a 
lighted  taper  at  the  bottom  of  a  jar  containing  air,  and  toking 
in  the  hand  another  jar,  containing  carbonic  acid;  on  inclining 
this  jar,  the  heavy  gas  pours  over  the  edge,  nearly  as  water 
would  do,  into  that  in  which  the  taper  is  placed,  and  falling 
to  the  bottom,  extinguishes  it. 

Water  dissolves  its  own  volume  of  carbonic  acid  gas, 
forming  a  solution  of  an  agreeably  acidulous  taste,  which 
sparkles  when  agitated ;  it  colours  blue  litmus  paper  of  a 
wine  red,  which  disappears  on  exposure  to  the  air,  or  by 
heat.  By  means  of  pressure,  water  can  be  made  to  absorb  a 
large  quantity  of  carbonic  acid,  which  escapes  with  effer- 
vescence when  the  pressure  is  removed,  and  is  thus  the  basis 
of  a  variety  of  agreeable  effervescing  beverages.  Solution  of 
carbonic  acid  in  water  precipitates  solutions  of  lime  and 
barytes  white,  forming  carbonates,  which  redissolve  in  an 
excess  of  the  carbonic  acid. 

Under  a  pressure  of  thirty-six  atmospheres,  carbonic 
acid  may  be  liquefied.  It  then  forms  a  colourless,  exceed- 
ingly mobile  liquid,  of  specific  gravity,  0*83  at  32^,  which  is 
remarkable  for  its  excessive  expansibility  by  heat,  it  having 
four  times  that  of  air,  or  nearly  one  per  cent,  for  each  degree 
of  Fahrenheit.  When  the  pressure  is  suddenly  removed  from 
this  liquid  acid,  it  gasefies  with  such  rapidity,  that,  one  por- 
tion absorbing  heat  from  the  other,  this  latter  is  rendered 
solid  (see  page  135).  Solid  carbonic  acid  can  thus  be  ob- 
tained in  large  quantity  by  the  apparatus  contrived  by  Thi- 
lorier.  It  is  a  white  body  in  filamentous  masses,  like  asbes- 
tus  ;  it  evaporates  but  slowly ;  it  is  very  soluble  in  alcohol  and 
ether;  the  ethereal  solution  produces  by  its  evaporation  the 
most  intense  cold  known,  estimated  at  — 180  degrees  of 
Fahrenheit. 
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The  composition  of  carbonic  acid  may  be  determined  by 
▼ery  simple  experiments.  If,  into  a  bottle  of  pure  oxygen 
gas,  we  insert  a  little  bit  of  charcoal,  ignited  at  one  point, 
at  the  end  of  the  wire  a,  as  in  the  figure,  it  burns  with  vivid 
scintillations,  and  the  oxygen  is  all  converted  into 
carbonic  acid.  The  stopper  of  the  bottle,  through 
which  the  wire  passes,  being  perfectly  tight,  it 
wiU  be  found  that  the  volume  of  the  gas,  when 
I  cold,  has  not  sensibly  altered,  and  thus,  that  car- 
'  bonic  acid  contains  its  own  volume  of  oxygen.  It 
consists  therefore  of 

Two  volumes  of  oxygen,     1 102'6  X  2  =  2205'2 
One  vol.  of  carbon  vapour, 843*0 


Forming  two  volumes  of  carbonic  acid,     2  -^  3048-2 


Of  which  one  volume  weighs,  therefore,    =  1524*1 

The  corrected  specific  gravity  of  carbonic  acid,  1*521, 
indicates  that  the  theoretical  density  of  carbon  vapour  should 
rather  be  taken  as  836,  than  843. 

To  demonstrate  the  existence  of  carbon  in  carbonic  acid 
gas,  it  is  sufficient  to  heat  to  dull  redness,  in  a  current  of 
the  gas,  a  small  globule  of  potassium.  The  metal  takes  fire, 
burning  with  a  brilliant  violet  flame,  and  forms  potash, 
whilst  carbon  is  abundantly  deposited  as  a  brilliant  jet 
black  film  on  the  interior  of  the  tube. 

Carbonic  acid  combines  with  the  bases,  forming  a  very 
important  class  of  salts,  the  carbonates.  It  forms  neutral, 
basic,  and  acid  salts,  which  last  are  really  double  salts,  con- 
taining carbonate  of  water,  which,  however,  exists  only  in 
combination,  as  the  carbonic  acid  does  not  combine  with 
water  directly  in  definite  proportions.  All  salts  of  carbonic 
acid  are  known,  by  yielding,  when  acted  on  by  muriatic 
acid  in  the  cold,  the  gas  possessing  the  properties  now  de- 
scribed. 

Carbonate  of  Potash.— KO.CO2.  Eq.  866*3,  or  694.  This 
3g 
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salt,  which  b  the  great  source  of  all  other  combinations  of 
this  alkalii  is  obtained  for  the  purposes  of  commerce  from  the 
ashes  of  plants,  growing  at  a  distance  from  the  sea.  The 
▼egetable  jtuces  contain  potash,  combined  with  various  acids, 
as  the  nitriCi  oxalic,  acetic,  malic,  &c.,  which,  by  the  burning 
of  the  wood,  are  converted  into  carbonates.  The  produce 
differs  according  to  the  kind  of  wood,  and  with  the  season. 
The  softer  and  more  juicy  the  plants  are,  the  more  potash 
they  jdeld.  Plants  of  the  natural  families  compositse  and 
cruciferae,  are  the  richest ;  the  grasses  rank  next ;  and  amongst 
the  woods,  the  leaves  yield  more  than  the  small  branches, 
and  these  again  more  than  the  stems.  In  countries  where  there 
are  large  forests,  as  America  and  Russia,  the  small  wood  is 
burned,  and  the  ashes  collected ;  these  are  boiled  with  water 
in  large  iron  pans  or  pots,  from  whence  the  name  poi-oih  is 
derived.  By  this  means,  a  large  quantity  of  insoluble  salts 
is  separated,  and  the  carbonate  of  potash,  which  dissolves, 
is  obtained  in  a  purer  form  by  evaporation  to  dryness.  It 
then  constitutes  the  pearlashes^  or  refined  potashes,  of  com- 
merce. Even  these  slill  retain  much  silica,  sulphate  of  potash, 
and  chloride  of  potassium,  so  that  the  best  American  pearl- 
ashes  seldom  contain  more  than  eighty-five  per  cent.,  and 
Russian  potash  often  not  sixty  per  cent,  of  true  carbonate  of 
potash. 

The  purification  of  pearlashes  being  difficult,  carbonate 
of  potash  is  best  prepared  for  chemical  purposes  by  calcining 
cream  of  tartar ;  the  tartaric  acid  which  it  contains  is  decom- 
posed, and  carbonic  acid  formed,  which  combines  with  the 
potash ;  the  mass  is  digested  with  water,  filtered  to  separate 
die  excess  of  charcoal,  and  evaporated  to  dryness  in  a  clean 
iron  vessel.  A  white  granular  mass  is  obtained, 
the  salt  of  tartar  of  the  older  pharmacopceias. 
It  is  very  deliquescent,  soluble  in  half  its  weight 
of  water,  and  crystallizes  with  two  atoms  of  water 
in  oblique  rhombic  octohedrons,  a,  aK,  a",  a'",  as 
in  the  figure,  (K0,C02  +  2Aq .)  It  reacts  strongly 
alkaline.     It  is  almost  insoluble  in  alcohol,  and 
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when  added  to  weak  spirit,  combineB  with  the  excess  of 
water,  forming  a  heavy  fluid,  which  remains  separated  from 
the  lighter  and  stronger  alcohol  above. 

As  it  is  only  the  carbonate  of  potash  that  constitutes  the 
▼alue  of  pearlashesy  in  the  manufactures  to  which  it  is  ap- 
pUed,  it  is  important  to  be  able  to  determine  by  a  single  and 
simple  operation,  the  relative  worth  of  commercial  samples. 
This  process  is  termed  alkalimetf*y.  The  best  method  of 
performing  it  will  be  described  under  the  head  of  *^  Car- 
bonate of  Soda.'' 

Bicarbonate  of  Potash.— KO.CO2  +  HO.CO3.  Is  formed 
by  passing  a  current  of  carbonic  acid  gas  through  a  saturated 
solution  of  the  neutral  carbonate,  the  temperature  of  which 
should  not  be  above  100^.  On  cooling,  it 
crystallizes  in  right  rhombic  prisms  of  eight 
sides,  as  in  the  figure.  It  dissolves  in  four 
parts  of  cold  water,  and  in  much  less  when 
hot.  If  its  solution  be  boiled,  it  abandons  its 
second  atom  of  carbonic  acid  and  becomes 
neutral  carbonate.  Its  reaction  on  vegetable 
colours  is  feebly  alkaline. 

Carbonate  of  Sodb.— NaO.COj  +  10  Aq.  Eq.  667-3  + 
1 125,  or  53*47  +  90.  Is  manufactured  upon  a  very  large 
scale,  for  the  purposes  of  commerce,  from  common  salt, 
which  must  first  be  converted  into  sulphate  of  soda  in  the 
manner  described  in  page  701. 

The  dry  sulphate  of  soda  is  to  be  mixed  with  its  own  weight 
of  limestone  or  chalk,  and  half  its  v/eight  of  small  coal,  and 
the  mixture  being  reduced  to  fine  powder,  is  introduced 
into  areverberatory  furnace,  such  as  is  figured  in  page  544, 
in  charges  about  2cwt.  each.  After  being  exposed  to  a  full 
red  heat  for  about  an  hour,  on  the  floor  of  the  furnace,  the 
mass  fuses,  and  being  well  stirred  for  a  few  minutes,  is  raked 
off  through  the  opening  in  the  side  and  received  in  metal 
boxes.  It  forms  a  black  mass,  which  is  known  in  commerce 
as  blaeh-ash  or  British  barilla*  The  theory  of  this  process 
is  yery  remarkable ;  the  sulphate  of  soda  being  melted  in  con- 
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tact  with  the  coaly  matter,  is  deoxidized,  its  oxygen  being 
carried  off  by  the  carbon,  and  sulphuret  of  sodium  remun- 
ing.  This  is  immediately  decomposed  by  the  carbonate  of 
lime ;  sulphuret  of  calcium  and  carbonate  of  soda  being 
produced.  SO^NaO  and  2C,  form  2.CO,  and  NaS.  which 
with  CaO.COsf  gives  CaS.  and  NaO.COa.  As,  however, 
much  of  the  carbonic  acid  of  the  chalk  is  expelled  by  the 
heat,  a  certain  quantity  of  the  soda  remains  caustic  in  the 
produce,  and  also  some  sulphiuret  of  sodium  undecomposed. 
This  black-ash  generally  contains  about  22  per  cent,  of  real 
alkali.  To  obtain  the  soda  under  a  purer  form,  the  masses 
of  black-ash  are  broken  up  and  digested  in  warm  water, 
until  all  soluble  matter  is  extracted.  The  residue  consists 
of  sulphuret  of  calcium  and  the  excess  of  coaly  matter. 
The  liquor  is  then  evaporated  to  dryness,  and  the  saline  mass 
obtained  is  calcined  in  a  reverberatory  furnace,  with  one- 
fourth  of  its  weight  of  sawdust,  in  order  to  convert  all  of 
the  alkali  into  carbonate,  and  to  burn  out  some  traces  of  sul« 
phur  which  still  remain ;  on  being  then  redissolved  in  water, 
and  the  clear  solution  dried  down,  it  constitutes  whUe-ash^  or 
soda-iuh  of  the  best  quality,  containing  from  45  to  50  per 
cent  of  real  alkaU. 

For  the  preparation  of  the  crystallized  carbonate,  the 
soda-ash  is  dissolved  in  boiling  water,  and  the  solution,  being 
evaporated  to  a  pellicle,  is  left  to  crystallize  for  some  days. 
The  mother  liquor,  when  drained  off  the  crystals,  yields, 
when  dried  down,  an  inferior  soda-ash,  which  is,  however, 
applied  to  many  manufacturing  uses.  The  pure  carbonate 
of  soda  crystallizes  in  flat,  oblique  rhomboidal  prisms,  as  in 
the  figure,  which  contain  ten  atoms  of  water,  Na.COs  +  lOAq. 

In  a  dry  atmosphere,  they  lose 
by  efflorescence  all  their  water, 
and  fall  into  a  white  powder. 
It  dissolves  in  five  parts  of  cold, 
and  in  less  than  one  of  boiling  water.  By  a  gentle  heat,  the 
salt  undergoes  aqueous  fusion,  and  when  dried,  gives  a  white 
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powder,  toda  siccata.  By  a  strong  heat,  the  carbonate  of 
soda  melts,  but  is  not  otherwise  affected. 

Prior  to  the  invention  of  the  soda  process  described 
above,  the  carbonate  of  soda  was  obtained  from  the  ashes 
of  marine  plants,  as  the  salsola,  and  various  fuci,  which  were 
burned  in  large  quantities  on  the  west  coast  of  Ireland^  in 
the  Orkneys,  and  on  the  coasts  of  France  and  Spain.  The 
saline  products  thus  obtained  were  known  in  commerce,  as 
kelp,  barilla,  varec;  but  these  sources  of  alkali  may  now  be 
considered  as  extinct.  Graham  states,  on  the  authority  of 
Mr.  Muspratt,  that,  in  1838,  there  were  manufactured,  from 
common  salt,  50,000  tons  of  soda-ash,  and  20,000  tons  of 
crystallized  carbonate,  and  the  manufacture  is  continually 
on  the  increase. 

To  the  practical  chemist  and  the  manufacturer,  it  is  im- 
portant to  be  able  to  determine  by  a  rapid  and  easily  exe- 
cuted process,  the  real  quantity  of  alkali  present  in  any 
sample  of  pearl-ashes  or  soda-ash  that  may  be  in  the  market. 
All  such  processes  depend  on  measuring  the  quantity  of 
sulphuric  acid  necessary  to  produce  a  neutral  salt  with  a 
certain  weight  of  the  sample  ;  but  in  the  management  of  the 
details  considerable  difference  may  exist.  A  mode  which  I 
have  found  to  be  very  accurate,  and  easily  executed  even  by 
ordinary  persons,  consists  in  preparing  beforehand  a  stock 
of  a  dilute  sulphuric  acid  of  sp.  gr.  1*068  at  a  temperature  of 
60^.  This  acid  may  be  formed  by  mixing  one  ounce  of  the 
strongest  oil  of  vitriol  with  nine  ounces  of  water,  but  its 
sp.  gr.  should  be  verified  by  trial  before  being  used. 

One  hundred  grains  of  the  sample  to  be  tried  is  then  to 
be  powdered  and  stirred  up  in  a  capsule  with  an  ounce  of 
water.  A  glass  jar  about  a  foot  high  and  an  inch  wide,  pro- 
vided with  a  lip  to  pour  from  and  a  steady  foot,  and  gra- 
duated into  400  parts,  of  which  each  part  indicates  five 
grains  of  the  standard  acid,  is  to  be  filled  with  the  acid  up 
to  the  400th  mark,  and  then  by  pouring  very  cautiously  from 
the  lip,  a  few  drops  at  a  time,  the  alkaline  liquor  in  the 
capsule  is  to  be  exactly  neutraUzed«  A  little  bit  of  litmus 
paper  may  be  left  in  it,  and  stirred  about  well  after  each 
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addition  of  a  few  drops  of  acid.  A  drop  of  acid  in  excess 
reddens  the  litmus  paper  permanently,  and  as  this  does  not 
injure  the  result  sensibly,  it  may  be  done  in  order  to  secure 
complete  neutralisation.  The  graduations  of  the  glass  being 
numbered  from  above  downwards,  simple  inspection  shows 
how  much  acid  has  been  employed,  and  it  is  only  necessary 
to  multiply  the  number  of  divisions  by  thirty-one,  if  the  alkali 
be  soda,  or  forty-seyen,  if  the  alkali  be  potash,  and  divide 
in  each  case  by  100,  to  obtain  the  quantity  of  real  alkali  pre- 
sent in  the  100  grains  examined. 

The  principle  of  this  method  is,  that  100  grains  of  the 
standard  acid  contain  eight  grains  of  dry  sulphuric  acid, 
and  hence  100  measures  contain  forty  grains,  which  number 
being  that  of  the  equivalent  of  the  acid,  neutralizes  almost 
exactly  thirty-one  grains  of  soda,  or  forty-seven  grains  of  pot- 
ash, which  are  the  equivalent  weights  also.  To  find,  therefore, 
the  quantity  of  either  alkali  in  a  sample  neutralised  by,  for 
example,  137  measures  of  acid,  we  say. 

For  potash,   .  100  :  47  : :  137  ;  rc  =  |^J  x  47  =  64-4 
And  for  soda,  100  :  31  : :  137  :  a:  =z  \^i  X  31  =  42-5 

A  table  may  easily  be  constructed  beforehand  on  those 
principles,  so  as  to  save  even  this  little  calculation.  The 
greatest  amount  of  error  at  all  likely  to  occur  in  this  process 
is  one  division  of  acid  in  excess.  The  difference  made  by 
this,  however,  does  not  influence  the  result  for  commercial 
purposes;  thus,  in  the  examples  above  taken,  if  the  quan- 
tity of  acid  had  been  measured  wrongly  at  138,  the  indica- 
tions would  be,  for  potash  64*9,  and  for  soda  42*8 ;  the  error 
in  no  case  exceeding  half  a  part  per  cent  and  being  exactiy 
counterbalanced  by  taking  the  numbers  31  and  47  instead 
of  the  correct  equivalents,  31*3  and  47*3. 

Bkarbanaie  of  Soda.— RO.CO^  +  HslO.CO^,  is  formed 
by  passing  a  current  of  carbonic  add  gas  through  a  cold  solu- 
tion of  carbonate,  the  new  salt  precipitates  in  small  opaqne 
crystals,  having  the  appearance  of  starch.  It  requires  fifteen 
parts  of  cold  water  for  its  solution ;  it  has  an  alkaline  reac- 
tion, but  is  not  disagreeable  to  the  taste. 
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Sesquicarbanate  of  Soda  occurs  natiye  on  the  banks  of  cer- 
tain lakes  in  northern  Africa,  whence  it  is  exported  under  the 
name  of  trona.  Its  formula  is  SNaO.COa  +  SCO3  +  4HO. 
It  cannot  be  formed  at  will. 

Carbonaie  ofBaryte9. — ^BaO.COs.  This  salt  exists  na- 
tive, crystallised  in  oblique  rhombic  prisms;  it  is  insoluble  in 
pure  water,  but  dissolves  in  water  containing  carbonic  acid. 
It  is  very  poisonous.  It  may  be  prepared  artificially  by 
mixing  solutions  of  chloride  of  barium  and  carbonate  of  am- 
monia ;  a  white  precipitate  falls,  which,  being  well  washed 
and  dried,  is  pure  carbonate  of  barytes.  It  is  used  in  the 
analysis  of  minerals  containing  alkali,  and  for  the  preparation 
of  various  salts  of  barytes.  It  has  been  used  in  the  manu- 
facture of  glass. 

Carbonate  of  StrotUia  resembles  perfectly  the  former. 

Carbonate  of  Lkne.—C^O.CO^.  Eq.  632*5  or  50*7.  The 
circumstances  and  forms  under  which  this  salt  exists  in  nature 
have  been  so  frequently  noticed,  (pp.  564,  787),  and  the 
molecular  constitution  and  peculiar  relations  to  light  of  its 
crystals  so  fully  described,  that  it  is  not  necessary  to  enter 
upon  its  history  here  further.  It  may  be  prepared  pure  by 
decomposing  chloride  of  calcium  by  means  of  carbonate  of 
ammonia ;  it  forms  then  a  white  powder  insoluble  in  pure 
water,  but  dissolving  in  water  containing  carbonic  acid.  This 
is  not  due  to  the  formation  of  a  bicarbonate  of  lime,  but 
owing  to  a  specific  solvent  power  which  a  solution  of  carbo- 
nic add  in  water  has  on  many  bodies,  as  silica,  phosphate  of 
lime,  &c.  which  are  insoluble  in  pure  water.  It  is  thus  that 
carbonate  of  lime  is  held  dissolved  in  most  waters,  and  is  de- 
posited as  a  crust  on  the  interior  of  any  vessels  in  which  such 
water  may  be  boiled.  By  the  gradual  dissipation  of  the  car- 
bonic acid  on  exposure  to  the  air,  the  carbonate  of  lime  may 
be  slowly  deposited  and  then  crystallizes ;  thus  are  formed 
the  remarkable  stalactites,  &c.  of  limestone  caverns. 

Carbonate  of  Magnesia.— MgO.COi.  This  salt  exists 
anhydrous  in  nature,  crystallized  in  rhombohedrons  like  calc- 
spar.    By  dissolving  magnesia  in  water  by  a  stream  of  car- 
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bonic  acid,  it  may  be  formed,  and  is  gradually  deposited  in 
rbomboidal  prisms,  of  six  or  eight  sides,  as  m, »,  a,  in  figure, 
which  contain  three  atoms  of  water.  It  is  this 
salt,  MgO.COs  4-  3  Aq.  which  exists  in  Mur- 
ray's solution  of  magnesia.  When  acted  on  by 
pure  hot  water  this  salt  is  decomposed,  carbonic 
V  //  acid  escaping,  and  basic  carbonate  of  magnesia 
^■^"^^  being  produced.  It  is  this  basic  carbonate  which 
constitutes  the  magnesia  alba^  or  common  carbonate  of  mag- 
nesia of  the  shops.  It  is  prepared  by  mixing  boiling  solu- 
tions of  sulphate  of  magnesia  and  carbonate  of  soda,  leaving 
the  former  slightly  in  excess.  The  precipitate  is  very  light 
and  bulky,  and  almost  totally  insoluble  in  water.  One-fourth 
of  the  carbonic  acid  is  given  off  in  this  reaction,  and  the  pre- 
cipitate is  found  to  be  a  compound  of  carbonate  and  of  hy- 
drate of  magnesia,  MgO.HO  +  3  (MgO.COaHO),  or  4MgO 
+  SCOa+4Aq. 

The  nature  of  dolomite  or  magnesian  limestone  has  been 
already  sufficiently  noticed,  (p.  569). 

Carbonate  of  Manganese. — ^MnO.COs.  Is  a  white  powder 
formed  by  double  decomposition,  and  decomposed  by  a  red 
heat. 

Proio^arbonaie  of  Iron. — FeCCOj.  Exists  native  in 
rhombs  isomorphous  with  calc-spar.  It  may  be  prepared 
by  decomposing  protosulphate  of  iron  by  carbonate  of  soda; 
it  forms  a  white  precipitate,  which,  by  exposure  to  the  air, 
rapidly  absorbs  oxygen  and  gives  out  carbonic  acid,  be- 
coming green,  and  ultimately  red,  being  then  mere  peroxide 
of  iron.  The  carbonate  of  iron  can  therefore  scarcely  be 
obtained  pure,  but  by  mixing  the  fresh  precipitate  with 
sugar,  and  evaporating  to  dryness  with  constant  agitation^ 
a  quantity  of  the  carbonate  remains  undecomposed,  being 
protected  from  the  air  by  a  varnish  of  sugar  on  its  particles, 
and  thus  constitutes  the  earbonas  ferri  cum  saceharo  of 
pharmacy.  The  carbonate  of  iron  is  soluble  in  water  con- 
taining carbonic  acid,  and  exists  thus  dissolved  in  chaly- 
beate spas. 
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When  solutions  of  sulphate  of  zinc  and  carbonate  of  soda 
are  mixed  together^  a  biisic  carbonate  of  zinc  is  formed,  con- 
sisting of  2(ZnO.C02)  +  3.ZnO.HO  if  the  solutions  were 
warm,  but  of  ZnO.C03+  2.ZnO.HO  if  cold ;  carbonic  acid 
gas  is  given  off  in  both  cases. 

There  are  two  carbonates  of  copper^  both  basic ;  the  green 
carbonate  exists  native,  {^fnalach%ie)vxA  is  used  as  a  pigment. 
It  may  be  formed  by  mixing  solutions  of  a  salt  of  copper  and 
an  alkaline  carbonate ;  the  precipitate  is  at  first  flocculent, 
and  of  a  fine  pale  blue,  but  when  boiled  it  becomes  dense, 
granular,  aird  bright  green:  its  formula  is  2CuO  +  COa  +  HO. 
The  blue  carbonate,  exists  also  native  {copper'^xure)^  but 
cannot  be  prepared  artificially  so  as  to  be  permanent,  its 
formula  is  3CuO  +  2COa  +  HO. 

Carbonate  of  Lead* — PbO.COa.  Exists  native  crystal- 
lized  in  forms  isomorphous  with  those  of  the  carbonate  of 
barytes,  and  may  be  formed  as  a  finely  crystalline  powder,  by 
decomposing  solution  of  nitrate  of  lead  by  carbonate  of 
soda.  There  are  several  basic  carbonates  of  lead,  which,  in  a 
greater  or  less  degree  of  mixture,  constitute  the  white  leadj 
or  ceruse  of  commerce,  so  much  used  in  painting.  The  com- 
position of  white  lead  generally  falls  between  those  given  by 
the  formulae  3PbO  +  2CO,  +  HO,  and  4PbO  +  SCO^  4-  HO. 

For  the  manufacture  of  white  lead,  very  thin  sheets  of  the 
metal  are  exposed  to  the  fumes  arising  from  vessels  contain- 
ing weak  vinegar,  which  are  kept  moderately  warm  by  being 
imbedded  in  fermenting  tan ;  the  lead,  absorbing  oxygen  from 
the  air,  combines  with  the  acetic  add,  forming  a  basic  acetate 
of  lead,  which  is  decomposed  by  the  carbonic  acid  of  the  sur- 
rounding air,  basic  carbonate  of  lead  being  produced,  and 
neutral  acetate  of  lead  remaining ;  this,  under  the  action  of 
the  air,  takes  up  a  new  quantity  of  lead,  and  the  same  de- 
composition is  renewed ;  a  minute  quantity  of  acetic  acid 
thus  serving  to  produce  a  very  large  quantity  of  ceruse* 
This  process  has  lately  been  much  improved  by  exposing 
litharge,  finely  ground  and  mixed  with  one  per  cent,  of  ace- 
tate of  lead,  to  a  stream  of  carbonic  acid,  generally  derived 
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^  from  the  fenoentiDg  vaU  of  a  brewery;  tlie  one  portion  of 
neutral  acetate  mccessively  unites  with  all  the  litharge  to  form 
baric  acetate,  the  successive  portions  of  which  are  decom- 
posed by  the  carbonic  acid,  white  lead  being  formed,  and  the 
original  quantity  of  neutral  acetate  remaining  uncombined  at 
the  end. 

The  carbonates  of  the  other  metals  are  unimportant. 

Carlxm  combines  with  the  metals  to  form  carburets,  of 
which  the  best  known  are  those  of  iron  and  silver;  the  former 
has  been  fully  noticed  in  the  description  of  cast  iron  and 
steel  (p.  587)|  and  the  carburet  of  silver  is  a  grey  powder, 
which  remains  when  certun  silver  salts  of  organic  acids,  as 
the  citrate  and  tartrate,  are  imperfectly  burned  away. 

Carbonic  Oxide.  (X>.  Aiomie  Weight,  14-05? 
If  carbonic  acid  gas  be  passed  through  a  tube  containing 
red-hot  charcoal,  it  takes  up  as  much  more  carbon  as  it 
already  contained,  and  forms  carbonic  oxide;  its  volume  being 
thereby  doubled.  The  gas  may  also  be  prepared  by  heat- 
ing to  redness,  in  an  iron  retort,  a  mixture  of  charcoal  and 
dialk,  whenthecarbonicacid  evolved  from  the  latter  combines 
with  the  excess  of  carbon  and  forms  carbonic  oxide ;  in  place 
of  charcoal,  iron  filings  or  sine  may  be  used;  the  metal  in 
this  case  takes  half  of  the  oxygen  from  the  carbonic  acid, 
CO,  and  Zn  giving  ZnO  and  CO. 

A  very  simple  and  elegant  way  of  obtaining  this  gas  con- 
rists  in  warming  strong  oil  of  vitriol  with  crystals  of  oxalic  add, 
in  a  flask  a  b  from  which  a  tube/passes  to  a  bottle  containing 
solution  of  caustic  potash  a,  as  in  the  figure ;  from  this  another 

tube  conducts  to  the  pneumatic 
trough.  The  oxalic  acid,  CaOa 
-f  HO  yields  up  its  basic  water 
to  the  sulphuric  acid,  and  as 
the  oxalic  acid  cannot  exis(  ex- 
cept in  combination  with  some 
base,  it  is  resolved  in  carbonic 
oxide  and  carbonic  acid,  (C9O3 
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=:  CO  +  COt)  which  are  eyolved  as  gases,  mixed  in  equal 
volumes ;  in  bubbling  through  the  bottle  containing  potash, 
the  carbonic  acid  is  completely  absorbed,  and  the  pure  car- 
bonic oxide  may  be  collected  over  water. 

It  is  a  colourless,  inodorous  gas,  and  has  no  action  on 
vegetable  colours ;  it  extinguishes  a  taper,  but  is  combusti^ 
ble,  and  burning  with  a  pale  blue  flame,  forms  carbonic  acid. 
It  is  this  gas  which  produces,  on  the  top  of  a  clear  coke  fire, 
a  blue  flame,  which  appears  purple  when  seen  with  the  red 
back-ground  of  the  glowing  cinders.  It  contains  half  its 
volume  of  oxygen;  its  specific  gravity  is  972*8.  Carbonic 
oxide  appears  to  enter  into  union  with  a  great  variety  of 
bodies,  and  to  act  in  such  compounds  as  a  compound  ra- 
dical. 

OxaUc  Acid,  COj  or  g(CO)  +  O.     Eq.  461-2  or  361. 

Oxalic  acid  is  one  of  the  most  important  organic  bodies. 
It  is  found  combined  with  potash,  forming  the  soli  qf  sorrel, 
in  several  plants  of  the  genera  oxalis  and  rumex,  and  com- 
bined with  lime  in  the  roots  of  rhubarb,  and  in  a  variety  of 
lichens.  It  was  formerly  extracted  principally  from  the 
oxalis  acetosella,from  whence  its  name  is  derived,  but  is  now 
manufactured  in  larger  quantities,  artificially.  It  is  gene- 
rally a  product  of  the  oxidation  of  vegetable  substances  by 
nitric  acid,  on  which  fact  its  mode  of  preparation  is  founded. 
The  substances  employed  are  usually  starch  or  sugar,  a  quan- 
tity of  which  is  placed  in  an  earthen  pipkin,  of  which  a  great 
number  are  arranged  in  a  shallow  vessel  containing  warm 
water;  about  four  parts  of  nitric  acid,  specific  gravity  1*42, 
are  poured  into  each  pipkin.  The  starch  is  rapidly  oxi- 
dized, and  nitrous  fumes  given  off  abundantly ;  when  the 
action  has  become  slow,  one  part  more  of  acid  is  to  be  added, 
and  the  heat  increased.  The  liquors,  so  obtained,  are  mixed, 
evaporated  to  a  pellicle,  and  set  aside  to  crystallize,  and  the 
crystals  are  purified  by  re-solution  and  crystallization.  From 
the  mother  liquors  new  quantities  of  oxalic  acid  may  be  ob- 
tained by  heating  with  more  nitric  acid. 
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If  we  consider  the  sugar,  in  its  dryest  form,  as  being 
C13H9O91  the  action  of  the  nitric  acid  should  consist  in  first 
removing  the  nine  equivalents  of  hydrogen,  and  substitu- 
ting for  them  nine  equivalents  of  oxygen,  thus  Ci^HgOe  and 
6NO5  should  give  6(6203)  with  9HO  and  6NO3.  But  the 
action  is  not  so  simple ;  as  other  products,  especially  the  scte^ 
charic  acid^  are  at  the  same  time  formed.  By  means  of  per- 
manganate of  potash,  however,  the  carbon  of  sugar  may  be 
very  elegantly  and  directly  changed  into  oxalic  acid,  C^HgO^ 
andeCMnsOr  +  KO),  producing  l^CMnO^)  with  9HO  and 
6(Cs03  +  KG).  The  oxalic  acid  formed  exactly  neutralizing 
the  potash  of  the  manganic  salt  employed. 

The  oxalic  acid  crystallizes  from  its  solution,  in  oblique 
rhombic  prisms,  of  which  those  planes  marked 
t  e  are  primary,  and  a/ secondary :  the  sum- 
mit is  often  dihedral,  in  which  case  the 
plane  a,  and  that  vertically  opposite  to  it  are 
absent.  These  crystals  contain  three  atoms  of  water,  of  which 
one  is  basic  :  CgOa  +  HO  +  SAq.  When  warmed,  they 
give  off2Aq.,  and  the  hydrate  of  oxalic  acid  remains  as  a 
white  powder,  which  melts  at  350^,  and  when  heated  further 
sublimes,  a  portion  being  however  decomposed;  the  pro- 
ducts of  the  reaction  of  oil  of  vitriol  on  oxalic  acid  have  been 
already  noticed  (p.  814).  Oxalic  acid  is  converted  into  car- 
bonic acid  by  contact  with  many  peroxides,  as  the  peroxide 
of  manganese,  by  which  means  the  technical  value  of  man- 
ganese ores  may  be  determined,  see  p.  580.  By  contact  with 
a  great  excess  of  hot  nitric  acid,  or  of  chlorine,  it  is  also  con- 
verted into  carbonic  acid. 

The  acidity  of  oxalic  acid  is  very  great ;  a  grain  of  it  dis- 
solved in  30,000  grains  of  water  will  still  affect  litmus  paper. 
It  neutralizes  the  alkalies  perfectly,  and  forms  with  them  two 
series  of  acid  salts.  In  the  neutral  oxalates,  the  oxygen  of 
the  acid  to  that  of  the  base  is  3:1.  By  heat,  those  of  the 
metals  proper  are  generally  converted  into  carbonic  acid  and 
metal,  C3O3  +  MO.  giving  €404  and  M.  Those  of  the 
earths  and  alkalies  evolve  carbonic  oxide,  and  produce  a 
carbonate,  C2O3  +  MO  giving  CO  and  CO2  +  MO.    The 
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former  action  is  usefully  applied  to  obtain  cobalt  and  nickel 
in  the  metallic  state. 

Oxalic  acid  is  detected  easily  by  its  strong  acidity,  and  its 
not  leaving  a  carbonaceous  residue  when  heated.  Its  solution 
gives,  with  lime  water,  a  precipitate  which  is  insoluble  in  an 
excess  of  oxalic  acid,  or  of  any  organic  acid.  It  precipitates, 
also,  the  solutions  of  barytes  and  lead.  It  acts  violently  on 
animals,  as  a  poison  ;  for  an  antidote,  magnesia  is  the  best, 
but  chalk  or  whiting  is  the  most  readily  procured. 

Several  of  the  oxalates  deserve  special  notice.  There 
are  three  oxalates  of  potash,  remarkable  as  being  the  bodies 
by  which  Wollasion  satisfied  himself  of  the  truth  of  the 
law  of  multiple  combination,  p.  S38 ;  their  proportions  of 
acid  being  as  1 :  2  : 4. 

The  neutral  Oxalate  of  Potash.  KO.COa  +  Aq.  May 
be  formed,  by  acting  on  sugar  by  permanganate  of  pot- 
ash ;  or  by  heating  any  fixed  organic  matter,  as  sawdust,  or 
paper,  with  an  excess  of  potash,  below  redness.  It  is  more 
simply  produced  by  neutralizing  oxalic  acid,  or  the  following 
salt,  with  carbonate  of  potash ;  it  crystallizes  in  rhombic 
prisms,  of  a  bitter  taste,  which  dissolve  in  three  parts  of 
water,  and  are  insoluble  in  alcohol. 

Binoxalate  of  Potash.— KO.C^O^+UO.C^O^+SAq.  Ex- 
ists  naturally  in  the  various  kinds  of  sorrel,  from  whence  it  was 
originally  extracted,  under  the  name  of  salt  of  sorrel,  but  is 
now  artificially  made.  One  part  of  oxalic  acid  is  exactly 
neutralized  by  potash,  and  then  exactly  as  much  more  oxalic 
acid  is  added  to  the  solution,  from  which,  by  evaporation 
and  cooling,  the  salt  crystallizes  in  oblique  rhombic  prisms, 
which  are  soluble  in  forty  parts  of  cold,  and  in  six  parts  of 
boiling  water.  Its  taste  is  strongly  acid  and  saline,  and  it  is 
poisonous,  though  less  so  than  the  acid  uncombined.  When 
heated,  the  salt  is  decomposed,  evolving  carbonic  acid  and 
carbonic  oxide,  and  leaving  a  residue  of  carbonate  of  potash, 
which  should  be  scarcely  coloured  if  the  salt  were  pure. 

QuadroxaUUe  of  Po^flwA.  — KO.C2O3+ SHO'CaOa + 
4Aq.  Is  formed  by  neutralizing  one  part  of  oxalic  acid  by 
potash,  and  adding  to  the   solution  three  times  as  much 
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oxalic  acid  more.  It  may  also  be  prepared  by  dissolTing 
the  binoxalate  in  muriatic  acid,  which  takes  half  of  the  al- 
kali and  the  quadroxalate  crystallizes  out  This,  and  the  last 
salt,  are  indiscriminately  sold  in  conmierce  as  salt  of  sorrel, 
and,  also,  often  as  soli  of  lemons,  for  removing  iron  moulds 
and  stains  of  ink,  which  they  do  by  forming,  with  the  perox- 
ide of  iton,  a  soluble  double  salt 

There  is  but  one  oxalate  of  soda  ;  it  is  not  important 

Oxalate  of  Lime.— CM.CJd^  +  SAq.  Exists  abundantly 
in  nature,  forming  the  hard  earthy  basis  of  many  lichens, 
and  may  be  prepared  by  mixing  solutions  of  oxalate  of  am- 
monia and  of  any  soluble  salt  of  lime.  It  forms  a  white  fioc- 
culent  precipitate,  which,  by  boiling,  becomes  heavy  and 
granular.  It  is  totally  insoluble  in  water,  and  is  hence  used 
as  a  means  of  removing  lime  from  solutions,  and  determining 
its  quantity.  It  dissolves  in  the  mineral  acids,  but  is  inso- 
luble in  all  organic  acids,  even  the  acetic.  When  heated, 
it  leaves  a  perfectly  white  residue  of  carbonate  of  lime. 

The  remaining  simple  oxalates  are  not  important,  except 
the  oxalate  of  silver,  which  is  a  white  powder,  prepared  by 
double  decomposition,  and  remarkable  for  being  decom- 
posed by  a  moderate  heat,  with  a  slight  explosion,  into  car- 
bonic acid  and  metallic  silver. 

There  are  several  double  oxalates  of  interest. 

Oxalate  of  Potash  and  Peroxide  of  Iron. — (FeaO,  + 
SC9O3)  4-  3.KO.C2O3  •+-  6Aq.  Is  prepared  by  dissolving  per- 
oxide of  iron  in  solution  of  binoxalate  of  potash ;  it  crys- 
tallizes in  fine  grass-green  tables,  which  are  permanent  in 
the  air.  There  exists  a  similar  salt  containing  soda. 

Oxalate  of  Potash  and  Chrome — (CraOa  +  SCaOj) + 
3KO.C2O3  +  6Aq.  Is  prepared  by  dissolving  together  in  hot 
water  one  part  of  bichromate  of  potash,  two  of  crystallized 
oxalic  acid,  and  two  of  binoxalate  of  potash.  A  copious 
evolution  of  carbonic  acid  occurs,  the  chromic  acid  being 
deprived  of  half  its  oxygen  by  a  part  of  the  oxalic  acid,  with 
the  remainder  of  which  the  oxide  of  chrome  unites.  The 
liquor  assumes  a  fine  purple  colour,  and,  on  cooling,  yields 
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prismi  of  a  splendid  blue  colour,  so  deep,  as  to  be  perfectly 
opaque,  unless  the  crystals  be  very  thin. 

Oxalate  of  Capper  and  Potash.— KO.CJO^  -h  CuO.CaOa + 
2Aq.  Is  formed  by  digesting  a  solution  of  binoxalate  of  pot- 
ash on  oxide  of  copper.  It  crystallizes  in  fine  blue  prisms. 
It  may  alw  be  obtained  with  4  Aq. 

Chloro-carbonie  jlcid.— CO  +  CI.  Eq.  6194  or  49-5. 
When  equal  volumes  of  carbonic  oxide  and  chlorine  are 
exposed  for  some  hours  to  the  light,  they  gradually  com- 
bine, forming  a  colourless  gas,  which  was  termed  by  J.  Davy, 
its  discoverer,  phosgene  gas.  Its  odour  is  very  irritadng; 
the  volume  being  diminished  to  one-half,  its  density  is  3412. 
It  is  decomposed  by  water,  carbonic  and  muriatic  acids 
being  formed.  It  is  decomposed  by  most  metak,  which  unite 
with  the  chlorine  and  liberate  carbonic  acid.  Its  action  on 
ammonia  and  on  alcohol  will  be  hereafter  noticed. 

Combination  of  Carbonic  Oxide  and  Potassium,  and  the 
Products  of  its  Decomposition. 

If  potassium  be  heated  in  a  current  of  carbonic  oxide, 
the  gas  is  rapidly  absorbed,  but  no  charcoal  is  separated,  as 
occurs  with  carbonic  acid  gas.  The  metal  is  converted  into 
a  blackish-green  porous  mass.  If  the  air  be  admitted  to  this 
while  hot,  it  inflames ;  when  brought  into  contact  with 
water  it  b  immediately  decomposed,  a  peculiar  gas  be- 
ing given  off,  and  a  rhodizonate  of  potash  formed.  This 
oxicarbnret  of  potassium  is  obtained  in  quantity  in  the  pro* 
cess  by  which  potassium  is  procured,  and  constitutes  the 
great  obstacle  to  obtaining  that  metal,  as  described  in 
page  549.  It  is  also  formed,  but  very  unpnre,  by  merely 
brightly  igniting  cream  of  tartar  in  a  covered  crucible  for  an 
hour.  The  composition  of  this  body  is  not  yet  known,  and 
hence  the  mode  of  its  decomposition  cannot  be  expressed  in 
formulie.  The  gas,  which  it  evolves  by  solution  in  water, 
has  been  examined  by  Mr.  Davy.  It  is  colourless  and  inflam- 
mable, and  bums  more  brightly  than  olefiant  gas.  Its  cha- 
racteristic property  is  to  detonate  with  a  brilliant  flash,  and 
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deposit  charcoal,  when  mixed  with  chlorine,  even  in  the  dark. 
He  assigns  to  it  the  formula,  C2H. 

Rhodizonic  Acid. — This  is  formed  when  the  oxicarburet 
of  potassium  is  dissolved  in  cold  water.  It  is,  when  dry, 
isomeric  with  carbonic  oxide,  C7O7,  but  it  appears  to  be  a 
tribasic  hydracid,  and  its  formula  C7O10  +  H3.  Its  salts  are 
of  a  fine  scarlet  red  colour,  whence  its  name. 

CrocomcAeid. — C5O4.  Is  formed  when  a  solution  of  rhodi- 
aonate  of  potash  is  boiled ;  an  atom  of  potash  becomes  free, 
and  croconate  and  oxalate  of  potash  are  produced ;  C7O7  + 
3KO,  giving  KO  and  C2O3  +  KO,  with  C5O4  +  KO.  The 
salts  of  croconic  acid  are  bright  yellow  coloured,  but  do  not 
require  other  notice. 

MelUiie  Acid. — C4O3,  when  dry.  Is  found  only  native, 
combined  with  alumina,  in  a  very  rare  mineral,  mellite  or 
haneysione.  It  crystallizes  with  water,  C4O3  +  HO,  and 
from  its  characters,  especially  the  properties  of  the  mellate 
of  silver,  it  appears  to  be  properly  a  hydrogen  acid,  having 
carbonic  oxide  as  its  radical,  and  its  formula  to  be  C404+H. 
When  its  ammonia  salt  is  decomposed  by  heat,  it  is  resolved 
into  two  yery  singular  bodies,  paraban  and  euchroic  add, 
whose  history,  however,  is  not  important  here. 

In  concluding  this  account  of  the  oxygen  compounds  of 
carbon,  it  is  proper  to  notice  the  peculiar  function  which  the 
carbonic  oxide  appears  to  play.  From  the  composition  of 
its  chlorine  compound,  it  is  certain  that  the  equivalent  of  the 
gas  is  CO,  and  combining  with  oxygen  it  forms  carbonic 
acid,  COs*  But  I  consider,  that  we  cannot  look  upon  oxalic 
acid  as  being  a  lower  degree  of  oxidation  of  the  same  radical 
as  carbonic  acid.  On  the  contrary,  the  body  C^Os,  which  is 
the  basis  of  it,  enters  into  a  completely  distinct  series  of  com- 
pounds, such  as  oxamide,  and  is  probably  merely  isomeric 
with  carbonic  oxide,  into  which  it  may  be  changed  by  a  va- 
riety of  reactions.  Still  less  is  carbonic  oxide  the  basis  of 
the  rhodizonates,  C7O7,  or  of  the  croconates  or  mellates ;  but 
the  gas  is  changed  into  these  more  complex  bodies  by  an 
isomeric  action,  which  appears  to  occur  at  the  moment  that 
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it  combines  with  the  potassium.  I  look  upon  the  carbonic 
oxide  gas,  therefore,  as  being  the  basis  only  of  carbonic 
acid  and  phosgene  gas,  and  that  the  radicals  of  the  oxalic 
acid  and  the  bodies  of  its  series,  as  well  as  of  the  rhodizonic 
and  other  acids,  are  compounds  of  carbon  and  oxygen,  iso- 
meric with  carbonic  oxide,  but  not  yet  isolated. 

OfSulphurei  of  Carbon.— CS<t,  Eq.  478-7  or  38-3. 

This  remarkable  substance  is  formed  whenever  sulphur 
comes  into  contact  with  red-hot  charcoal.  It  may  be  pre- 
pared by  means  of  the  apparatus,  figured  in  page  527  ;  the 
tube  a,  c,  being  filled  with  pieces  of  charcoal,  about  the  size 
of  almonds,  and  bits  of  sulphur  introduced  from  time  to 
time,  at  A,  which  is  to  be  then  tightly  closed  with  a  cork.  The 
sulphur  fuses,  and  the  tube  being  a  little  inclined,  runs  down 
upon  the  ignited  charcoal,  combines  with  it,  and  the  product 
passing  as  vapour  into  the  long  glass  tube,  e,/,  is  condensed 
and  collected  as  a  liquid  in  the  bottle. 

In  large  quantity,  it  is  more  conveniently  prepared  by 
fixing,  air  tight,  into  an  iron  cylinder  about  a  foot  high,  (such 
as  a  quicksilver  bottle),  two  iron  tubes,  one  long,  6,  reaching 
nearly  to  the  bottom,  and  projecting  a  foot  above  the  top, 
and  the  other  short,  c,  and  bent  at  a  right  angle,  serving  to 


convey  the  product  to  the  condensing  apparatus.  By  means 
of  the  tube  c,  the  bottle  may  be  filled  with  small  fragments 
of  charcoal,  and  then  being  placed  in  a  furnace,  the  wide 
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glass  tube  e,  and  the  narrower/,  are  to  be  attached  by  corks. 
From  the  cock  d,  a  stream  of  water  flows*  which,  guided  by 
the  tin-plate  gutter  o,  cools  the  tube/,  and  is  conducted  by 
the  thread  h  to  the  basin  x.  When  the  bottle  is  bright  red, 
small  pieces  of  sulphur  are  to  be  dropped  in  by  the  long 
tube,  the  end  of  which  is  to  be  then  carefully  closed  up  by  a 
cork.  The  sulphur,  being  vaporized,  acts  on  the  charcoal, 
and  the  sulphuret  of  carbon  formed,  being  condensed  in  the 
narrow  tube  e,/,  collects  in  the  bottle  n,  which  is  half  filled 
with  ice«  in  order  more  perfectly  to  preserve  it.  Any  incon- 
densible  gases  that  may  be  formed  escape  by  the  tube  m. 
The  process  miffht  be  continued  until  all  the  charcoal  in  the 
bottle  had  been  converted  into  sulphuret ;  but  if  sulphur 
were  allowed  to  be  present  in  excess,  it  would  melt  the  bottom 
of  the  bottle.  The  process,  therefore,  should  not  be  pushed 
so  far. 

The  sulphuret  of  carbon,  thus  obtained,  contains  an  ex- 
cess of  sulphur  dissolved  in  it,  and  must  be  purified  by  re- 
distillation, at  a  very  moderate  heat,  (in  a  water  bath)  ;  when 
about  nine-tenths  have  distilled  over,  by  allowing  the  residue 
to  evaporate  spontaneously  in  a  capsule,  very  fine  right 
rhombic  crystals  of  sulphur  may  be  obtained  (p.  460). 

The  sulphuret  of  carbon  is  a  colourless  liquid,  of  a  very 
disagreeable  garlic  smell.  It  does  not  mix  with  water,  but 
dissolves  in  alcohol  and  ether.  It  dissolves  sulphur  and  phos- 
phorus in  large  quantity.  Its  specific  gravity  is  1*272.  It 
boils  at  108^  Fah.,  and  forms  a  colourless  vapour,  whose  spe- 
cific gravity  is  2*621  •  From  its  volatility,  it  obtained  the 
name  of  alcohol  ofstdphur.  In  evaporating  it  produces  great 
cold ;  mercury  may  be  frozen  by  suspending,  under  a  bell 
glass,  a  thermometer  the  bulb  of  which  is  enveloped  by  cotton 
moistened  by  this  fluid,  and  rapidly  exhausting  the  air.  It 
is  very  infli&mmable,  burning  with  a  blue  flame,  and  produ- 
cing carbonic  and  sulphurous  acids.  If  a  few  drops  of  it  be 
let  fall  into  a  strong  bottle  containing  oxygen,  so  much  of  it 
evaporates  as  to  form  an  explosive  mixture  with  the  gas, 
which  then  detonates  when  touched  with  a  lighted  taper,  like 
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a  mixture  of  oxygen  and  hydrogen.  When  the  sulphuret  of 
carbon  is  heated  in  contact  with  a  metal,  carbon  is  separated 
and  a  metallic  sulphuret  produced.  It  is  thus  found  to  con- 
sist of  one  atom  of  carbon  united  to  two  of  sulphur,  and  its 
formula  to  be  CS2. 

It  is  a  powerful  sulphur  acid,  combining  with  the  sulphu- 
rets  of  the  alkaline  metals  and  forming  sulphur-saltSi  which 
are  crystallizable ;  with  the  sulphurets  of  lead,  silver,  copper, 
&Cm  it  forms  insoluble  compounds,  which  correspond  closely 
in  composition  to  the  ordinary  carbonates.  This  substance  is 
in  fact  exactly  equivalent  to  carbonic  acid,  CO3,  the  sulphur 
being  replaced  by  oxygen,  with  which  its  analogies  have  been 
already  noticed  in  p.  461.  The  sulphuret  of  carbon  is  hence 
often  called  sulphocarbonic  acid. 

Moist  chlorine  converts  this  body  into  a  crystalline  sub- 
stance like  camphor ;  but  this  as  well  as  the  products  of  the 
action  of  nitric  acid  and  of  strong  alkalies  have  not  yet  been 
accurately  examined. 

Chlorides  of  Carbon. 

Subchbride  of  Carbon. — C3CI.  Is  formed  by  passing  the 
vapour  of  the  protochloride  many  times  through  an  ignited 
glass  tube;  chlorine  is  given  off,  and  the  subchloride  depo- 
sited in  silky  crystals,  which  are  fusible,  and  sublime  about 
300^  unchanged. 

Protochloride  of  Carbon. — CsCl2.  Is  also  formed  from  the 
sesquichloride  of  carbon  by  heating  its  vapour  to  redness, 
when  chlorine  is  given  off;  or  better  by  distilling  the  sesqui- 
chloride with  an  alcoholic  solution  of  sulphuret  of  potassium, 
which  removes  one-third  of  the  chlorine.  It  is  a  limpid  fluid, 
boiling  at  160^;  the  sp.  gr.  of  its  vapour  is  2862.  By  a 
strong  heat  it  gives  subchloride  and  free  chlorine. 

Sesquichloride  of  Carbon. — C2CI3.  Is  produced  by  the 
action  of  a  great  excess  of  chlorine  in  bright  sunshine  on 
olefiant  gas,  or  on  muriatic  ether;  all  the  hydrogen  of 
these  bodies  is  removed,  and  the  carbon  remains  united  with 
chlorine.     It  forms  a  white  crystalline  mass  like  camphor, 
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which  18  insoluble  in  water^  but  soluble  in  alcohol  and  ether. 
It  melts  at  32(f,  and  sublimes  at  S60^  unchanged  ;  at  a  red- 
heat  it  abandons  chlorine  and  forms  the  bodies  last  described. 
Bichloride  of  Carbon. — C2CI4  Is  formed  by  exposing  a 
body  termed  chloroform,  whose  formula  is  C^HCla,  or  marsh 
gas  C3H4  to  an  excess  of  chlorine  in  bright  sunlight.  The 
hydrogen  is  gradually  removed  and  replaced  by  chlorine. 
It  is  liquid ;  its  sp.  gr.  is  1*6;  it  boils  at  192**.  The  sp.  gr.. 
of  its  vapour  is  5302. 


CHAPTER  XVIII. 

OP  THE  COMPOUNDS  OF  NITROGEN  AND  HYDROGEN. 
AMMONIA,  ITS  DERIVATIVES  AND  COMPOUNDS. 

Although  there  is  very  perfect  evidence  that  hydrogen  and 
nitrogen  unite  in  two,  perhaps  in  three  proportions,  we  as 
yet  know  but  one  of  these  in  an  isolated  form,  which  is  the 
volatile  aUcali^  ammonia.  This  was  known  to  the  earliest 
chemists,  but  the  importance  of  its  history  to  the  progress 
of  chemical  philosophy  has  been  but  lately  felt  to  its  just 
extent. 

Ammonia  is  produced  in  almost  all  reactions  where  nitro- 
gen and  hydrogen  are  brought  together,  one  or  both  being 
nascent.  Thus  when  an  electric  spark  is  passed  through 
damp  air,  nitric  acid  and  ammonia  are  both  formed,  and 
hence  the  rain  which  falls  after  thunder-storms  contains  ni- 
trate of  ammonia.  It  is  evolved  in  large  quantities  in  the 
putrefaction  of  organic  substances  containing  nitrogen,  and 
is  formed  also  by  their  distillation  at  high  temperatures, 
whence  the  greater  supply  of  ammonia  used  in  the  arts  is  de- 
rived. When  any  oxide  of  nitrogen  is  mixed  with  hydrogen, 
and  passed  through  a  tube  containing  red  hot  spongy  plati- 
num ammonia  is  formed ;  and  lastly  it  is  produced  abundantly 
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when  iron  or  tin  is  oxidized  violently  by  nitric  acid,  the 
oxygen  being  taken  both  from  the  acid  and  water,  the  nas- 
cent hydrogen  and  nitrogen  unite.  Ammonia  is  also  a  pro- 
duct of  organization,  being  contained  in  the  sweat  of  animals, 
and  being  exhaled  by  the  flowers  of  many  plants,  and  by 
the  leaves  also  of  the  crucifersB. 

For  the  purposes  of  the  chemist,  ammonia  is  obtained 
from  the  muriate  of  ammonia,  or  sal-ammoniac,  which  is  ma- 
nufactured in  large  quantities  for  commerce,  by  processes  to 
be  hereafter  described.  Equal  parts  of  the  sal-ammoniac,  in 
powder,  and  slaked  lime  are  to  be  intimately  mixed  and 
heated  in  a  flask,  from  which  a  bent  tube  passes ;  the  gas 
which  issues  is  to  be  conducted  through  a  tube,  as  in  the  figure, 
(p.  528,)  containing  dry  lime,  or  fused  potash,  by  which  ad- 
hering moisture  is  removed,  and  it  may  then  be  collected  over 
mercury.  It  is  colourless  and  transparent.  Its  odour  is 
strong,  pungent  and  irritating,  well  known  as  the  smell  of 
hartshorn.  When  perfectly  dry,  it  has  no  action  on  vege- 
table colours,  but  if  damp,  it  reacts  powerfully  alkaline.  The 
brown  colour  which  it  produces  on  turmeric  disappears 
when  heat  is  applied,  by  which  it  is  distinguished  from  the 
browning  by  the  fixed  alkalies,  or  earths.  By  a  pressure  of 
6^  atmospheres,  or  at  a  temperature  of— 61^  gaseous  ammo- 
.  nia  is  liquefied.  When  inspired  pure,  it  proves  excessively 
caustic  and  poisonous. 

Ammonia  is  slightly  combustible.  It  does  not  support 
combustion.  When  a  series  of  electric  sparks  are  passed 
through  a  quantity  of  the  gas  confined  over  mercury,  its 
volume  enlarges,  and  ultimately  becomes  double.  It  is  then 
totally  decomposed,  and  the  resulting  gas  consists  of  three 
volumes  of  hydrogen  and  one  of  nitrogen  :  the  specific 
gravity  of  ammonia  is,  therefore,  591*5,  as  deduced  in  p. 
349,  and  its  formula  N  H3.  If  a  current  of  ammoniacal  gas 
be  passed  through  a  red-hot  tube  filled  with  iron  wire,  it  is 
decomposed  in  the  same  way  as  by  electricity.  If  the  tube 
contain  red-hot  charcoal,  carbon  is  taken  up,  and  prussiate 
of  ammonia  and  carburet  of  hydrogen  produced. 
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Ammoniacal  gas  is  rapidly  absorbed  by  water^  which 
takes  up  780  times  its  volume  at  32^.  Great  heat  is  thereby 
evolved,  and  the  solution,  which  augments  two-thirds  in  vo- 
lume, has  a  specific  gravity  of  0-87S,  and  boils  at  120^  It 
contains  then  about  32  per  cent,  of  ammonia,  and  approxi* 
mates  to  the  formula  NHa  +  4Aq.  This  solution  is  termed 
water  of  ammonia,  or  improperly  liqmd  ammonia.  To  pre- 
pare it  upon  a  larger  scale,  the  matrass  and  series  of  three- 
necked  bottles  described  and  figured  in  p.  502,  may  be  em- 
ployed. Five  parts  of  lime,  slaked,  and  mixed  with  as  much 
water  as  will  convert  it  into  a  thin  paste,  are  to  beintroduced 
with  4  parts  of  powdered  sal-ammoniac,  into  the  matrass, 
which  is  then  to  be  placed  upon  the  sand  bath,  and  connected 
with  the  range  of  bottles.  The  first  bottle  is  left  empty, 
in  order  to  catch  any  water,  or  mixture,  that*may  be  carried 
over,  and  it  should  be  allowed  to  grow  warm,  in  order  that 
it  may  retain  no  gas ;  in  the  other  bottles  water  is  placed,  by 
which  the  gas  is  absorbed,  and  they  are  kept  cool  by  damp 
cloths  applied  to  their  surface.  For  ordinary  purposes, 
water  of  ammonia  need  not  contain  more  than  18  per  cent, 
of  gas ;  it  then  has  a  specific  gravity  of  0*930. 

The  watery  solution  of  ammonia  possesses  all  the  cha- 
racters of  the  gas  in  a  strong  degree.  It  neutralizes  the 
strongest  acids,  and  acts  in  all  respects  as  a  strong  base, 
ranking  next  to  lime.  It  forms  many  classes  of  combinations, 
in  some  of  which  it  exists  unaltered,  but  in  others,  it  first 
undergoes  peculiar  decomposition.  Its  action  on  chlorine  is 
very  violent  and  accompanied  by  flame ;  sal-ammoniac  is 
formed  and  nitrogen  set  free,  as  described  in  p.  434. 

Ammonia  is  very  easily  recognized;  its  odour,  the 
brown  colour  given  to  turmeric  paper,  which  is  removed  by  a 
gentle  heat,  and  its  forming  dense  white  fumes  on  the  ap- 
proach of  a  glass  rod  moistened  with  strong  muriatic  acid, 
characterize  it  when  free  ;  all  substances  which  contain 
ammonia  are  either  volatilized  by  heat,  or  decomposed,  the 
ammonia  being  generally  liberated  ;  in  all  cases,  by  heating 
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the  body  with  moist  caustic  potash^  ammonia  is  evolved  as 
gas,  and  may  be  known  by  the  properties  now  described. 

The  real  nature  of  ammonia  has  recently  been  the  subject 
of  much  inquiry;  its  equivalent  is  satisfactorily  determined 
to  be  17*1  and  hence  its  formula  is  NH3  and  its  equivalent 
volume  4.  It  may  enter  into  combination  directly  with  dry 
oxygen  acids>  but  it  does  not  then  form  the  proper  ammo- 
niacal  salts,  which  all  contain  an  atom  of  water  essential  to 
their  constitution.  It  combines  with  a  great  number  of  saline 
bodies,  and  then  resembles,  in  its  functions,  their  water  of 
crystallization.  Its  most  remarkable  property,  however,  is, 
that  in  acting  on  metallic  compounds,  and  on  certain  organic 
acids,  it  abandons  an  atom  of  hydrogen,  and  the  remaining 
NHt  combines  with  the  metal,  or  with  the  radical  of  the  acid. 
Thus  with  HgCl,  and  NH3  there  result  Hg.NHa  and  H.Cl; 
with  PtCla  and  2.NH3  there  are  formed  Pt  +2.NHa  and 
2.  H.Cl ;  from  Hg.NOe  and  NH3  are  produced  Hg.NH^  and 
H.NOe.  Of  organic  bodies,  oxalate  of  ammonia  gives,  when 
heated,  Cs02  +  N  Hf^  and  benzoate  of  ammonia  produces 
similarly  CUH5O2  +  NH^.  It  is  hence  evident  that  the  third 
atom  of  ammonia  is  not  so  intimately  combined  with  the 
nitrogen  as  the  remaining  two  ;  it  may  be  eliminated  by  the 
simplest  reactions,  but  the  N  and  H2  remain  much  more  firmly 
united,  and  separate  only  when  the  constitution  of  the  am- 
monia  is  totally  broken  up.  I  hence  concluded,  that  the 
NH2  should  be  considered  as  the  radical  of  ammonia,  and 
proposed  to  term  it  amidogene,  and  its  symbol  Ad.  The 
ammonia  is  then  amidide  of  hydrogen,  and  its  rational  for- 
mula NH2.H  or  Ad.H.  Ammonia  is  thus  assimilated  to  water, 
and  to  chloride  of  hydrogen  in  constitution,  the  radical 
amidogene  having  the  closest  analogy  to  oxygen  and  chlo- 
rine. These  conclusions  have  been  almost  unanimously 
adopted  by  chemists. 

These  views  are  remarkably  illustrated  by  the  action  of 
ammonia  on  potassium  ;  when  this  metal  is  heated  in  the  dry 
gas,  hydrogen  is  disengaged,  and  a  fusible  olive  green  sub- 
stance is  obtained.      The  quantity  of  hydrogen  evolved  is 
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the  same  as  that  which  the  metal  should  evolve  from  water, 
that  is  one  atom,  and  the  olive  body  consiafls  of  K.NH2.  It 
is  amidide  of  potassium.  When  put  into  water,  potash  and 
ammonia  are  produced,  K.Ad  and  HO,  giving  KO,  and 
H.Ad.  When  this  olive  substance  is  heated  nearly  to  red- 
ness, ammonia  is  expelled  and  niiruret  of  potassium  remains, 
S.K.NHs  giving  2.NH3  and  K3N.  The  phenomena  are  ex- 
actly the  same  with  sodium,  an  amidide  and  a  nitruret  of 
sodium  being  thus  formed. 

In  describing  the  compounds  of  ammonia,  it  is  necessary 
to  distinguish  those  in  which  ammonia  acts  simply  as  amidide 
of  hydrogen,  resembling  in  its  functions,  the  oxide  or  chlo- 
ride of  hydrogen,  from  the  class  of  bodies  in  which  the 
ammonia  is  associated  with  water,  the  proper  salts  of  am- 
monia, which,  as  already  noticed,  are  isomorphous  with  those 
of  potash.  I  will  have  occasion  to  discuss  the  theory  of 
these  bodies  further,  but  shall  first  describe  the  most  impor- 
tant members  of  the  former  class. 

Ammonia  and  Chlorine. — If  a  bottle  full  of  chlorine  gas  be 
inverted  in  a  cup  containing  a  solution  of  sulphate  or  muriate 
of  ammonia,  it  is  gradually  absorbed,  and  a  heavy  yellow  liquid 
collects  in  globules  in  the  bottom  of  the  cup.  This  substance 
must  be  treated  with  the  utmost  caution ;  if  strongly  rubbed  or 
struck,  or  if  it  be  touched  with  any  greasy  body,  or  with  phos- 
phorus, it  explodes  with  intense  violence  ;  a  globule  as  large 
as  a  pin-head  on  being  exploded  in  a  teacup,  shatters  it  to 
pieces.  Almost  every  chemist  who  has  examined  it,  has 
been  severely  hurt,  and  hence  its  composition  is  not  yet  well 
known.  Sir  Humphrey  Davy  found,  that  when  decomposed 
over  mercury,  it  gives  nitrogen  and  chlorine  in  the  propor- 
tions by  volume  of  1 : 3  and  hence  it  was  concluded  to  be 
chlotide  ofasote  N.CI3  under  which  name  it  is  described  in 
most  books.  It  has  been  observed,  however,  that  traces  of 
sal-ammoniac  are  formed  when  it  is  decomposed ;  it  conse- 
quently must  contain  hydrogen,  and  it  may  probably  be 
bichloride  of  amidogene,  AdCls,  which,  when  decomposed, 
should  produce,  N  and  CI3  besides  AdH.HCl. 
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Iodine  and  Ammonia. — When  the  semi-fluid  compound  of 
iodine  and  ammonia  is  put  into  water,  it  is  decomposed  into 
hydriodate  of  ammonia,  and  a  brown  powder  which  is  usually 
described  as  iodide  of  azote,  N.I'a.  This  substance  may  also 
be  prepared,  by  digesting  iodine  in  water  of  ammonia;  the 
iodine  gradually  changing  into  the  brown  substance,  and  the 
solution  containing  hydriodate  of  ammonia :  this  body  must 
be  collected  on  filters  in  very  small  quantity,  and  dried 
merely  by  exposure  to  the  air ;  if  it  be  rubbed,  even  under 
water,  it  explodes  with  a  violent  detonation,  though  not  so 
powerfully  as  the  previous  body.  The  cloud  of  hydriodate  of 
ammonia,  formed  by  its  decomposition,  is  very  evident;  it 
therefore  contains  hydrogen,  and  I  look  upon  it  as  a  Unio' 
dide  of  amidogency  Ad.l2. 

A  corresponding  compound  containing  bromine  has  been 
formed. 

By  the  action  of  ammonia  on  metallic  oxides,  a  numerous 
class  of  bodies  maybe  formed,  which  all  possess  more  or 
less  violent  detonating  properties ;  they  all  contain  combined 
water.  It  is  impossible  to  say,  positively,  whether  the 
ammonia  exists  undecomposed  in  these  bodies ;  I  rather  think 
it  does,  and  I  shall  hence  term  them  ammoniurets. 

Ammoniuret  of  Silver. — This  is  the  most  violent  of  all 
these  compounds  ;  it  is  prepared  by  digesting  recently  pre- 
pared oxide  of  silver  in  water  of  ammonia,  or  by  dissolving 
nitrate  of  silver  in  an  excess  of  water  of  ammonia,  and  pre- 
cipitating the  solution  by  caustic  potash.  It  is  a  brown 
powder,  which  detonates  violently  by  the  slightest  shock  or 
friction;  when  exploded,  it  is  said  to  produce  water,  azote 
and  metallic  silver,  which  should  give  for  its  formula,  NH3 
+  3.AgO  +  Aq.  But  the  facility  of  its  decomposition  which 
has  been  the  cause  of  many  serious  accidents,  has  prevented 
it  being  accurately  analyzed. 

Ammoniuret  of  Gold. — AuOa  +  SAdH,  is  produced  by 
the  action  of  water  of  ammonia  on  peroxide  of  gold.  It  is  a 
brown  powder,  nearly  as  explosive  as  the  former  body,  but 
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it  b«8  been  accurately  analysed  by  Dumas.    These  bodies 
are  known  aB/mlmimaiing  goU  or  silver. 

The  ammomuret  of  platimtm  is  formed  by  digesting 
hydrated  oxide  of  platinum  in  water  of  ammonia.  It  is  a 
light  brown  powder,  not  yet  analyzed,  and.  quite  different 
from  the  impure  substance  described  in  booksi  as  Dayy's 
fulminating  platinum. 

I  have  examined  the  ammoniurets  of  copper  and  tnereury^ 
formed  by  digesting  the  oxides  of  these  metals  in  water  of 
ammoniai  the  first  is  blue,  the  second  yellow ;  their  formulas 
are  3CuO  +  2.AdH  +6  Aq.,  and  3.HgO  +  AdH  +  2.Aq. 
They  detonate  feebly  when  heated.  There  exist  also,  com- 
pounds of  ammonia  with  the  oxides  of  uranium,  of  iron,  and 
of  osmium,  which  have  not  been  accurately  examined. 

By  the  action  of  heat  on  some  metallic  compounds  of 
ammonia,  true  nitrurets  of  the  metals  have  been  obtained,  of 
which  the  most  remarkable  are  those  of  copper  and  mercury. 
The  niirmrei  of  copper  was  formed  by  passing  ammonia  over 
anhydrous  oxide  of  copper,  at  a  temperature  of  480^  Fah. ; 
water  is  evolved,  and  the  nitrogen  and  copper  unite,  forming 
a  black  powder,  which,  at  the  temperature  of  540^,  is  decom- 
posed, with  the  evolution  of  a  red  light,  into  its  elements.  Its 
formula  appears  to  be  CueN  which  corresponds  to  the  sub- 
oxide CusO,  as  when  replacing  oxygen  j  is  equivalent  to  O, 
(see  p.  425)  and  CugN  =  S  (Cuj  +  f ).  Schraeter,  to  whom 
the  discovery  of  the  above  compound  is  due,  formed  also 
a  nitruret  of  chrome^  whose  formula  is  not  quite  ascer- 
tained. 

Ammonia  is  absorbed  in  large  quantities  by  the  chlorides 
of  phosphorus  and  of  sulphur,  and  substances  produced, 
which  possess  singular  properties. 

Ammoniacal  Protochloride  of  Phosphorus. — PCI3 + 5  Ad.  H. 
Is  obtained  by  exposing  the  liquid  chloride  of  phosphorus  to 
a  current  of  dry  ammonia.  It  forms  a  white  powder,  which, 
when  put  in  contact  with  water,  produces  sal-ammoniac,  and 
an  insoluble  white  substance   that  has  not  been  analyzed ; 
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the  reaction  is  probably  that  3  (ClH.AdH)  and  PN2H3  re- 
suit.  If  the  ammoniacal  protochloride  of  phosphorus  be 
calcined  without  access  of  air,  a  very  remarkable  body,  phos- 
phurel  of  azotey  the  formula  of  which  is  P.N29  is  produced, 
whilst  phosphorus,  hydrogen,  ammonia,  and  sal-ammoniac 
are  expelled.  The  phosphuret  of  azote  is  insoluble  in  water, 
and  resists  the  action  of  the  most  powerful  acids  and  alkalies. 
The  composition  of  the  ammoniacal  perc/dorides  of  phos- 
phorus is  not  quite  certain,  as  these  bodies  appear  to  decom- 
pose each  other.  The  formula  is  PCI5  +  2Ad  H.  When  cal- 
cined they  yield  phosphuret  of  azote. 

Gaseous  ammonia  and  chloride  of  sulphur  combine  in 
two  proportions,  according  as  each  ingredient  is  in  excess. 
The  formulae  of  these  bodies  are  SCI  -h  AdH  and  SCI  + 
2AdH.  The  former  is  a  brown  powder  soluble  in  alcohol 
and  ether;  the  latter  is  a  citron-yellow  powder.  They  are 
remarkable  for  delivering  as  a  product  of  their  decomposition 
by  water  or  by  heat,  the  sulphuret  of  azote  (S3N.)  which  is 
a  volatile  yellow  powder,  decomposed  by  the  prolonged  action 
of  water  into  ammonia  and  hyposulphurous  acid,  S  (S3N) 
and  6HO.  giving  S.SiOj  and  2.AdH. 

When  chloride  of  sulphur  is  digested  with  water  of  am- 
monia, a  brown  substance  is  formed  whose  composition  is 
ClS4N3He.  It  is  probably  formed  of  chloride  and  amidide  of 
sulphur,  SCI  +  3  (S. Ad.) 

Ammoniacal  gas  is  absorbed  in  great  quantity  by  the  vo* 
latile  chlorides  of  boron,  arsenic,  tin,  and  titanium.  The 
compounds  formed  are  white  and  crystalline ;  they  are  de- 
composed by  water,  and  the  solution  contains  sal-ammoniac, 
and  the  metal,  or  the  boron,  in  combination  with  oxygen. 

There  are  few  metallic  salts  which  do  not  absorb  am- 
monia, when  exposed  to  a  current  of  the  dry  gas  ;  but  cer- 
tain metals  are  specially  distinguished  by  the  character  that 
ammonia  added  to  their  solutions  produces  precipitates,  which 
either  contain  ammonia  or  amidogene,  as  is  the  case  with 
mercury,  palladium,  and  platinum,  or  by  an  excess  of  the 
ammonia  the  precipitate  is  redissolved,   and  soluble  com- 
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pounds  containing  ammonia  are  produced,  as  occurs  with 
zincy  copper,  nickel,  cobalt,  and  also  palladium  and  plati- 
num. The  number  of  combinations  thus  formed  is  so  very 
great  that  it  would  be  tedious  to  describe  all,  and  I  shall 
hence  notice  only  such  as  possess  scientific  or  pharmaceutical 
importance. 

1.  Ammonia-'Salts  of  Zinc, 

Dry  sulphate  of  zinc  exposed  to  a  current  of  dry  ammonia 
absorbs  it,  producing  a  white  powder,  2  (ZnO.SOa)  +  5AdH, 
which  dissolves  perfectly  in  water. 

If  water  of  ammonia  be  added  to  a  solution  of  chloride  of 
zinc,  a  basic  chloride  is  precipitated,  which  being  redissolved 
by  an  excess  of  the  ammonia,  a  colourless  solution  is  ob- 
tained which  crystallizes  on  cooling.  According  to  the  pro- 
portion of  ammonia  in  excess,  I  have  found  that  one  or  other 
of  two  compounds  may  be  formed,  one  in  long  and  brilliant 
prisms,  the  other  in  fine  pearly  tables.  The  latter  salt  con- 
sists of  Zn.Cl.  -I-  2AdH  -h  HO.  The  former  of  2  (Zn.Cl.)  + 
2  AdH  +  HO.  In  these  salts,  as  in  all  such  as  are  produced 
by  the  action  of  an  excess  of  ammonia  on  a  metallic  salt,  I 
consider  that  the  acid  exists  combined  with  ammonia,  and 
not  with  the  metallic  oxide,  in  which  they  differ  essentially 
from  those  produced  by  the  direct  absorption  of  ammonia 
by  a  salt,  in  which  I  conceive  the  union  of  the  acid  and  oxide 
not  to  be  disturbed.  Hence  I  write  the  formula  of  the  tabu- 
lar ammonia-chloride  of  zinc,  as  AdH.HCl  +  AdH.ZnO. 
When  heated  it  gives  off*  ammonia  and  water  and  a  white 
powder,  AdH.ZnCl  remains. 

By  the  action  of  an  excess  of  ammonia  on  a  solution  of 
sulphate  of  zinc,  the  ammomasulphate  of  zinc  is  formed;  its 
formula  is  AdH.HO.SO3  +  AdH.ZnO.  It  crystaUizes  in 
short  prisms ;  when  heated  it  evolves  AdH. HO,  and  a  white 
powder,  AdH.ZnO.SO3  remains.  In  crystals  it  contains 
3. Aq.  of  which  it  loses  two  by  ef&orescence,  and  the  third 
by  a  moderate  heat. 
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2.  Awmonia-Salts  of  Copper. 

Chloride  of  copper  absorbs  dry  ammonia,  forming  a  blue 
compound,  CuCl  -|-  3.  AdH,  soluble  in  water. 

When  ammonia  is  added  to  a  strong  and  hot  solution  of 
chloride  of  copper,  untU  the  precipitate  which  first  forms  is 
perfectly  redissolved,  a  deep  purple  liquor  is  produced  from 
which  octohedral  crystals  are  deposited  on  cooling.  Their 
formula  is  AdH.HCl  +  AdH.CuO.  When  heated,  these 
crystals  evolve  ammonia  and  water,  and  a  blue  powder, 
Ad  H. CuCl  remains,  which  is  totally  decomposed  by  a  strong 
heat. 

Dry  sulphate  of  copper  exposed  to  a  current  of  dry 
ammonia  forms  a  fine  purple  powder,  whose  formula  is 
2  (CuO.SOa)  +  5.AdH. 

An  excess  of  ammonia  gives  with  a  strong  solution  of 
sulphate  of  copper  a  rich  purple  liquor,  from  which  the  am* 
moniacal  sulphate  of  copper  crystallizes  on  cooling,  in  large 
right  rhombic  prisms,  u,  u\  with  dihedral  sum- 
mits, t, «,  as  in  the  figure,  m  being  a  secondary 
plane.  I  consider  these  crystals,  however,  to  be 
macles.  The  formula  of  this  salt  is  AdH.HC 
SO3  +  AdH.CuO.  When  heated,  it  gives  off  ammonia  and 
water  and  a  green  powder,  AdH.CuO.SO3  remains. 

Under  the  name  of  cuprum  ammoniatum^  the  ammoniacal 
sulphate  of  copper  is  employed  in  medicine*  It  is  then  pre- 
pared, by  rubbing  together  sulphate  of  copper  and  carbonate 
of  ammonia  in  a  mortar.  The  mass  becomes  pasty,  owing  to 
the  water  of  crystallization  of  the  sulphate  of  copper  becom- 
ing free,  and  carbonic  acid  is  given  off.  The  purple  mass 
which  results  is  soluble  in  water,  and  generally  contains  car- 
bonate of  ammonia  in  excess. 

When  a  hot  and  strong  solution  of  nitrate  of  copper  is 
decomposed  by  an  excess  of  ammonia,  and  allowed  to  cool, 
the  ammoniacal  nitrate  of  copper  crystallizes  in  rhombic  octo- 
hedrons,  of  a  fine  purple  colour;  its  formula  is  AdH. 
HO.NOs  +  CuAd.     In  this  body  there  is  no  doubt  of  the 
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metal  being  combined  with  amid^gene,  and  not  the  oxide 
with  ammonia ;  hence,  probably,  arises  its  remarkable  cha- 
racter of  deflagrating  violently,  when  heated  until  it  begins 
to  melt. 

The  iodide  and  fluoride  of  copper  produce  compounds 
resembling  those  of  the  chloride. 

3.  Arnmoma-SalU  of  Nickel  and  of  Cobalt. 
These  resemble  the  corresponding  salts  of  copper  so  per- 
fectly, that  it  is  sufficient  to  refer  to  the  foregoing  for  their 
properties ;  and  their  composition  is  obtained  by  substituting 
Ni  or  Co  for  Cu  in  the  formulas. 

4.  AmrnomaSalU  of  SUter. 

The  chloride  of  silver  is  soluble  in  water  of  ammonia. 
The  solution  gives  opaque  white  rhombic  crystals,  which 
exhale  ammonia  when  exposed  to  the  air,  and  leave  chloride 
of  silver. 

When  the  sulphate,  or  the  nitrate  of  silver  is  treated  with 
an  excess  of  water  of  ammonia,  colourless  solutions  are  ob- 
tained, which  yield  by  evaporation  double  salts,  in  rhombic 
prisms  having  the  formulae,  AdH.HO.SO3  +  AgAd  and 
AdH.HO.NO5  -4-  AgAd.  In  both  salts  the  silver  is  combined 
with  amidogene.  Chromate  of  silver  and  ammonia  gives  a 
similar  salt.  The  ammonia-nitrate  of  silver  is  employed  in 
testing  for  arsenic,  and  in  preparing  fulminating  silver.  A 
remarkable  property  of  it  is,  that  when  fused  it  evolves  am- 
monia and  nitrogen,  and  metallic  silver  remains  mixed  with 
ordinary  nitrate  of  ammonia,  and  coats  the  sides  of  the  glass 
containing  it  with  a  brilliant  mirror  surface.  By  a  higher 
temperature  the  nitrate  of  ammonia  is  decomposed,  and  ni- 
trous oxide  evolved. 

5.  Ammonia-Salts  of  Palladium. 

This  metal  is  remarkable  for  giving  with  ammonia,  two 
series  of  salts,  of  which  one  is  soluble,  and  the  other  inso- 
luble in  water. 
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When  ammonia  is  added  to  a  solution  of  protochloride  of 
palladium,  a  flesh-coloured  precipitate  is  produced,  having 
the  formula,  PdCI.AdH.  When  more  ammonia  is  added,  it 
dissolves,  and  from  the  solution,  the  second  salt  crystallizes 
in  long  rectangular  prisms,  having  the  formula  AdH.HCl  + 
Pd.O.HAd.  By  a  gentle  heat,  an  atom  of  water  is  given  off, 
and  the  metal  exists  then  in  the  salt  as  amidide.  If,  in  a  so- 
lution of  this  salty  the  excess  of  ammonia  be  neutralized  by 
muriatic  acid,  a  yellow  crystalline  precipitate  forms,  which 
has  the  same  formula  as  the  first  salt,  PdCl  +  HAd. 

With  solution  of  sulphate  of  palladium  and  water  of 
ammonia,  a  precisely  similar  series  of  salts  is  formed ;  the 
first  being  flesh-red,  PdO.SOg  +  HAd  ;  the  second  salt  in 
colourless  prisms,  AdH.HO.SO3  +  PdO.HAd,  and,  when 
dried,  the  last  member  becoming  PdAd  ;  and  by  a  small 
quantity  of  an  acid,  a  crystalline  precipitate,  which  consists 
also  of  Pd.0.S03  +  HAd. 

The  iodide  of  palladium  gives  similar  salts.  With  the 
nitrate  no  other  than  the  colourless  crystalline  salt  can  be 
obtained,  whose  form  is  thin  rhombic  plates,  AdH.H0.N06 
+  Pd.Ad.  When  heated,  it  deflagrates  like  loose  gunpowder, 
and  leaves  behind  metallic  palladium,  as  a  black  powder. 

In  the  red  and  yellow  insoluble  ammonia-salts  of  palla- 
dium, although  the  experimental  composition  is  the  same,  I 
consider  that  an  important  difference  of  constitution  exists. 
The  red  salts  are  formed  by  adding  ammonia  to  a  simple 
salt  of  the  metal ;  direct  union  then  occurs,  and  we  have,  for 
example,  PdCl  -f  HAd.  But  when  we  form  the  yellow  salt 
by  adding  an  acid  to  a  solution  of  the  soluble  ammonia-salt, 
I  conceive  that  the  acid  unites  directly  with  the  amidide  of 
the  metal,  and  thus  forms,  for  example,  PdAd  +  HCl.  The 
yellow  ammonia-iodide,  PdAd  +  H.I,  gradually  changes  it- 
self back  into  the  red  substance,  Pdl  -f  HAd. 

6.  Ammonia^Salts  of  Mercury. 

From  the  great  influence  these  bodies  have  had  on  the 
theory  of  ammonia,  and  their  importance  in  pharmacy,  the 
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mercurial  compounds  containing  ammonia  deserve  more  de- 
tailed notice  those  of  any  other  metal. 

A.  Action  of  Ammonia  on  the  Haloid  Saltg  of  Mercury, 

When  corrosive  sublimate  is  heated  in  a  current  of  dry 
ammoniacal  gas,  it  unites  therewith,  forming  a  HL^^ite  com- 
pound, fusible  and  volatile,  having  the  composition  2.HgCI+ 
HAd.  By  contact  with  water,  this  body  is  decomposed  into 
sal-alembroth  and  white  precipitate ;  the  former,  a  compound 
of  sublimate  and  sal-ammoniac,  dissolving,  and  the  latter, 
whose  composition  will  be  next  studied,  separating  as  a 
white  powder. 

If  we  add  to  a  cold  solution  of  corrosive  sublimate,  a  very 
slight  excess  of  ammonia,  a  copious  white  precipitate  is  pro- 
duced, and  the  liquor  is  found  to  contain  exactly  half  the 
chlorine  of  the  sublimate  combined  with  hydrogen  and  am- 
monia, as  sal-ammoniac  ;  the  white  powder,  which  had  been 
known  to  the  early  chemists  as  white  precipitate  of  mercury ^ 
contains  all  the  mercury  and  the  remaining  half  of  the  chlo- 
rine of  the  sublimate,  it  was  supposed  to  contain  also, 
ammonia  and  oxygen,  but  I  have  proved  that  it  contains 
only  the  elements  of  amidogene,  and  no  oxygen ;  that  its 
formula  is  HgCl  +  HgAd  ;  it  being  a  true  chloro-amidide 
of  mercury.  The  theory  of  its  formation  is  very  simple ; 
S.HgCl,  and  S.HAd,  producing,  by  interchange  of  the  ele- 
ments of  one  equivalent  of  each  body,  HgCl  +  HgAd, 
which  precipitates,  and  HCl  4-  H  Ad  which  remains  dissolved. 
This  was  the  first  instance  in  which  amidogene  was  dis- 
covered to  be  combined  with  a  metal,  and  from  its  establish- 
ment, the  true  constitution  of  ammonia  was  first  recognized. 

White  precipitate  is  insoluble  in  cold  water.  It  is  de- 
composed by  boiling  water ;  two  atoms  of  which,  reacting  on 
two  of  white  precipitate,  produce  sal-ammoniac,  which  db- 
solves,  and  a  heavy  yellow  powder  which  is  insoluble  in 
water,  and  has  the  formula  HgCl  -H^.HgO  +  HgAd.  This 
body  is  completely  analogous  to  the  oxychloride  of  mercury, 
HgCl  +  3.HgO,  from  which  it  may  be  prepared  by  the  action 


BETA-WHITE  PRECIPITATE.  837 

of  ammoniacal  gas,  the  third  atom  of  HgO  and  H.Ad,  giving 
HgAdy  and  HO  wbichis  expelled.  When  white  precipitate  is 
heated  suddenly,  it  is  totally  converted  into  calomel,  nitrogen 
and  ammonia,  but  by  careful  management  of  the  heat,  sublimate 
and  ammonia  are  given  off,  and  a  red  powder  remains,  which 
is  a  compound  of  chloride  and  nitruret  of  mercury,  HgCl 
+  Hg3N.;  or  rather,  as  tlje  nitrogen  here  replaces  oxygen, 
and  has  hence  the  one-third  atomic  weight,  HgCl  +  S.Hgj, 
exactly  analogous  to  the  oxy chloride;  by  careful  manage- 
ment all  the  sublimate  may  be  expelled  and  the  azoturet  of 
mercury  Hg|  is  obtained  as  a  brown  powder,  which  deto- 
nates with  great  violence  when  struck. 

The  white  precipitate  which  has  been  now  described, 
must  be  distinguished  from  another  body,  which  has  been 
confounded  with  it  in  the  pharmacopoeias,  until  the  difference 
was  shown  by  Woehler's  observations  and  my  analysis.  This 
second  or  beta-white  precipitate  is  prepared  by  adding  caustic 
potash  to  a  cold  solution  of  the  double  salt  formed  by  corrosive 
sublimate  and  sal-ammoniac.  It  may  also  be  formed  by  boil- 
ing alpha-white  precipitate  in  a  solution  of  sal-ammoniac.  It 
has  a  crystalline  aspect,  and  is  not  decomposed  by  boiling 
water ;  when  heated  it  fuses  and  gives  off  ammonia  and 
azote,  whilst  a  mixture  of  calomel,  sublimate,  and  sal-ammo- 
niac sullimes.  Its  formula  is  very  simple,  HgCl  -f  HAd ; 
but  it  may  also  be  looked  upon  as  a  compound  of  alpha-white 
precipitate  and  sal-ammoniac,  (HgCl  -h  HgAd)  -|-  (HCl  -t- 
HAd)  =  2(HgCl  -1-  HAd). 

When  calomel  absorbs  dry  ammonia,  it  forms  a  dark 
grey  powder,  which  is  2.HgaCl  -f  HAd  ;  by  a  gentle  heat 
all  ammonia  may  be  expelled  and  the  calomel  remains  quite' 
white. 

If  the  calomel  be,  however,  digested  in  water  of  ammonia, 
one-half  of  its  chlorine  is  converted  into  sal-ammoniac,  and 
a  dark  grey  powder  results,  which  is  a  compound  of  subchlo- 
ride  and  subamidide  of  mercury ;  HgaCl  +  HgaAd.  This 
body  which  I  have  termed  black  precipitate,  is  formed  by  a 
similar   reaction   to  that  by  which  alpha-white  precipitate 

3i 


838  AMMONIA-SULPHATES  OF  MERCURY. 

is  produced,  «.Hg,a  and  2.HAd.  giving  Hg3Cl+  Hg^Ad 
and  HCl  +  HAd.  By  several  chemists,  the  action  of  water 
of  ammonia  on  calomel  is  given  as  a  means  of  preparing 
black  oxide  of  mercury,  which  is  quite  incorrect.  The  com- 
pound formed  contains  no  oxygen. 

The  action  of  the  bromides  of  mercury  with  ammonia, 
has  not  been  so  minutely  studied  ^s  that  of  the  chlorides  ;  it 
is  known,  however,  that  bromide  of  mercury  gives  with  water 
of  ammonia,  a  white  precipitate,  consisting  of  bromide  and 
amidide,  HgBr  +  HgAd,  and  analogous  to  the  alpha-white 
precipitate.  The  subbromide  of  mercury  produces  with  water 
of  ammonia,  a  black  powder  consisting  of  HgaBr  +  Hg^Ad. 

Iodide  of  mercury  dissolves  plentifully  in  hot  water  of 
ammonia,  and  the'  solution  deposits,  on  cooling,  long  prisms 
of  a  snow-white  colour,  which,  however,  rapidly  exhale 
ammonia  when  exposed  to  the  air,  and  leave  red  iodide  of 
mercury  in  pseudomorphous  crystals.  This  white  body  has 
the  formula  2.HgI  -f  HAd. 

There  is  no  iodine  compound  analogous  to  alpha-white 
precipitate,  but  when  that  substance  is  warmed  in  a  solution  of 
iodide  of  potassium,  ammonia  is  evolved  and  a  brown  powder 
is  formed,  having  the  formula  Hgl  +  2.HgO  -f  HgAd. 

B.  Action  of  Ammonia  on  the  Oxygen  Salts  of  Mercury. 

When  sulphate  of  mercury  is  digested  in  water  of 
ammonia,  it  is  converted  into  a  white  substance,  to  which  I 
have  given  the  name  ofammonia-turpeth.  It  is  not  acted  on 
by  water  nor  by  alkalies.  Its  formula  is  S.HgO  +  SO3  -h 
HgAd.  It  is  therefore  ordinary  turpeth  mineral  combined 
with  amidide  of  mercury. 

When  water  of  ammonia  is  added  to  a  solution  of  nitrate 
of  mercury,  being  cold  and  not  in  excess,  a  white  precipitate 
is  formed,  a  basic  ammoma^trcUej  which  is  found  to  con- 
sist of  HAd.NOft  +  3HgO.  It  is  therefore  a  basic  nitrate  of 
mercury  analogous  to  the  ordinary  basic  nitrate,  HO.NO5 
-h  3.HgO,  except  that  ammonia  (amidide  of  hydrogen)  is 
substituted  for  water  (oxide  of  hydrogen).     If  an  excess  of 
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ammonia  be  added,  and  the  mixture  boiled,  the  white  pre- 
cipitate becomes  heavier  and  granular,  and  is  then  found  to 
consist  of  HgAd-NOs  +  3.HgO.  This  substance,  the  (i 
basic  ammonia-nitrate,  is  evidently  analogous  to  the  former, 
the  hydrogen  being  replaced  by  mercury,  and  it  corresponds 
accurately  in  constitution  also  to  the  ammonia*turpeth. 

If  either  of  these  basic  ammonia-nitrates  be  boiled  in 
water  containing  much  nitrate  of  ammonia,  they  dissolve  and 
form  double  salts ;  that  usually  formed  is  in  short  opaque 
white  prisms,  having  the  very  simple  composition  4HgO  +  3 
(HAd.HO.NO5) ;  but  as  it  is  decomposed  by  water  into  the 
/3  basic  ammonia-nitrate,  its  formula  must  be  (HgAd.NOs 
4-  3.HgO)  +  2(HAd.N05  +  3HO).  Thedouble  salt  which 
forms  less  frequently,  is  in  yellow  plates,  and  has  the 
formula  (HgAd.NOs  +  SHgO)  +  (HAd.NO5.HO.) 

These  double  salts  may  also  be  generated  by  boiling 
oxide  of  mercury  in  solution  of  nitrate  of  ammonia*  If  the 
common  basic  nitrate  of  mercury  be  boiled  in  a  solution  of 
nitrate  of  ammonia,  this  is  decomposed ;  the  ammonia  being 
employed  in  forming  amidide  of  mercury,  and  the  nitric  acid 
being  set  free,  as  may  be  recognized  by  litmus. 

The  subsulphate  of  mercury,  HgsO.SOa  acted  on  by 
water  of  ammonia,  produces  a  black  powder,  the  formula  of 
which  18,  HgsO.SOs  +  HgsAd ;  it  is  easily  decomposed. 

By  acting  on  a  solution  of  subnitrate  of  mercury  in  water, 
with  ammonia,  added  dilute,  and  in  such  quantities  as  to 
leave  a  portion  of  the  mercurial  salt  undecomposed,  a  fine 
velvety  black  precipitate  is  obtained,  known  in  pharmacy  as 
Hahnemann's  soluble  mercury.  It  is  very  easily  decomposed 
by  heat  or  by  an  excess  of  ammonia.  In  order  to  obtain  it 
pare,  £he  solution  should  be  quite  free  from  red  oxide,  and 
not  more  than  three-fourths  of  the  whole  quantity  of  mercury 
should  lie  precipitated.  When  quite  pure,  I  have  found  its 
formula  to  be  HAd-NOs  +  2.Hg20 ;  it  being  perfectly  ana- 
logous to  the  common  basic  subnitrate  HO.N05  +  2.Hg20. 
The  oxide  of  hydrogen  being  replaced  by  the  amidide. 
The  results  with  the  other  salts,  both  of  the  red  and 
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black  oxide  of  mercury,  are  similar  to  those  above  decribed; 
but  as  none  of  them  are  specially  important,  I  shall  not 
occupy  space  with  their  description. 

7.  Ammoma-SaUs  of  Platinum. 

When  protochloride  of  platinum  is  dissolved  in  muriatic 
acid  and  an  excess  of  ammonia  added,  a  green  precipitate  is 
produced,  composed  of  PtCl  +  HAd,  It  may  be  prepared 
in  larger  quantity  by  passing  a  current  of  sulphurous  acid  gas 
through  a  solution  of  bichloride  of  platinum  until  it  assumes 
a  deep  brown  colour,  and  then  adding  ammonia.  By  boiling 
this  green  substance  in  strong  water  of  ammonia,  it  forms  a 
white  powder,  the  formula  of  which  is  PtCl  +  2.HAd. 

The  action  of  ammonia  on  a  solution  of  bichloride  of  pla- 
tinum is  very  complex ;  it  gives  origin  to  a  series  of  bodies, 
composed  of  bichloride,  binoxide,  andbinamidide  of  platinum, 
in  proportions  which  vary  with  the  temperature  and  pro- 
portions used.  Ilie  ultimate  effect  is  the  formation  of  a  co- 
lourless solution,  when  the  ammonia  is  boiling  and  in  consi- 
derable excess,  from  which  a  white  powder  separates  by 
cooling,  or  by  the  addition  of  alcohol.  This  powder,  which 
consists  of  (PtCU  +  PtAds)  -f  2.HAd  +  2Aq.  combines  with 
acids,  and  generates  a  very  remarkable  series  of  double  salts, 
discovered  by  Gros,  who  formed  them  differently,  having 
obtained  the  nitric-acid  salt,  by  heating  the  green  substance 
PtCl  +  HAd,  with  nitric  acid,  and  the  other  salts  by  double 
decomposition.  Liebig  proposed  to  consider,  that  in  these 
salts  there  exists  a  compound  radical  PtClNsH^,  which 
combines  with  chlorine  and  with  oxygen ;  and  the  oxide 
of  which  unites  with  acids.  Thus  the  oxalate  contains 
PtClNsHe-O  +  C3O3,  &c.  But  as  the  gradual  formation  of 
this  supposed  oxide  can  be  traced  from  the  bichloride  of  pla- 
tinum, we  must  admit  it  to  contain  a  compound  of  bichloride 
and  bin-amidide,  similar  in  many  respects  to  white  preci- 
pitate, and  we  must  look  upon  the  salts,  formed  by  Gros,  as 
consisting  of  that  compound,  united  to  ordinary  ammoniacal 
salts,  just  as  are  the  double  ammonia-nitrates  of  mercury. 
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The  formulae  of  Gros'  salts  are  upon  my  view  : 
(PtCl2  4-  PtAdj)  +  2  (HO.HAd),  the  base  of  the  series. 
(PtCU  +  PtAda)  +  2  (HCl.HAd),  the  muriatic  salt. 
(PtCU+  PtAda)  +  2  (HO.NO5.HAd),  the  nitric  salt. 
(PtCIa  +  PtAda)  +  2  (HO.SO3.HAd).  the  sulphuric  salt. 
(PtCU  +  PtAda)  +  2  (HO.C203-HAd),  the  oxalic  salt. 

The  action  of  ammonia  on  bin-iodide  of  platinum  is  more 
simple ;  a  deep-red  powder  is  formed,  which  has  the  formula, 
Ptl2+PtAd2  +  4Aq. 

Our  knowledge  of  the  action  of  ammonia  on  the  oxygen 
salts  of  platinum  is  yet  too  inexact  to  justify  me  in  bringing 
forward  here  the  statements  that  have  been  made  concerning 
the  results. 

By  the  action  of  ammonia  on  perchloride  of  gold,  an 
olive-brown  powder  is  produced,  which  fulminates  when 
rubbed.  It  is  decomposed  by  water,  and  its  real  formula 
has  not  yet  been  established. 

Products  of  the  Action  of  Ammonia  on  tfte  Anhydrous  Acids. 

When  chloro-sulphurous  acid,  SO2CI,  is  exposed  to  dry 
ammonia,  it  is  converted  into  a  white  saline  mass,  which  is 
a  mixture  of  sal-ammoniac  and  svlph-amide;  S02*C1  and 
2AdH,  giving  SOa-Ad.  and  HCl  +  HAd.  The  former, 
which  consists  of  amidogene  united  to  sulphurous  acid,  is 
soluble  in  water,  and  may  be  obtained  crystallized  ;  but, 
whw  boiled  with  water,  it  is  changed  into  common  sulphate 
of  ammonia,  2HO  and  SOj-Ad,  giving  SO3  +  AdH.HO. 

When  dry  sulphurous  acid  and  ammonia  gases  are 
mixed,  they  combine  to  form  a  reddish  substance,  which  is 
decomposed  by  water ;  there  appear  to  be  two  proportions, 
giving  the  bodies,  S02.HAd,  and  2S02*HAd. 

Dry  sulphuric  acid  unites  with  dry  ammoniain  two  pro- 
portions, forming  S03.HAd,  and  SSOs-HAd. '  I  consider 
these  compounds  as  corresppnding  to  the  English  and  Ger- 
man hydrates  of  sulphuric  acid;  the  ammonia  playing  the 
part  of  water.     A  solution  of  these  bodies  is  not  at  first  pre- 
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cipitated  by  bary  tes,  but  gradually  becomes  Ghaneed  into  or- 
dinary sulphate  of  ammooia. 

Itwas  supposed  that  the  chloro-carbonicacid  CO.C1,  com- 
bined directly  with  ammonia^  but  Regnault  has  found  that 
decomposition  occurs,  and  that  sal-ammoniac  and  amidide 
of  carbonic  oxide  result.  This  body,  which  he  terms  carb- 
amide,  CO.Ad,  is  white,  soluble  in  water,  is  not  deliques- 
cent, and  resists  the  action  of  alkalies  and  acids,  unless  they 
be  rery  concentrated. 

Of  the  Common  Ammomacal  Salts* 

From  the  great  number  of  classes  of  compounds,  described 
in  the  preceding  sections,  it  is  evident  that  ammonia  enters 
into  combination  with  acids  and  with  bases,  with  haloid  and 
with  oxygen  salts,  in  such  manner  as  assimilates  it  fully  to 
the  oxide  and  chloride  of  hydrogen  in  its  action,  but  removes 
it  totally  from  all  analogy  with  the  alkalies,  to  which  it,  in 
other  points  of  view,  strictly  belongs.  For  the  ordinary  salts 
of  ammonia,  of  which  the  description  now  comes,  are  iso- 
morphous  with  the  corresponding  salts  of  potash,  and  the 
strong  basic  characters  of  the  solution  of  ammonia  had  given 
to  it,  from  the  earliest  times,  the  name  of  the  vo2altIe,  or  the 
animal  alkali.  The  characteristic  distinction  is,  that  in  all 
cases  where  it  acts  as  an  alkali,  ammonia  is  associated  with 
water,  it  is  not  AdH,  which  is  the  alkali,  but  AdH  +  HO, 
or  rather  NH4O.  The  element  which  replaces  potassium  in 
the  isomorphous  salts  being  subamidide  of  hydrogen,  AdHs, 
or  NH4. 

At  the  time  when  Mitscherlich  showed  the  isomorphism 
of  the  potash  and  ammonia  salts,  nothing  was  known  of  the 
true  constitution  of  ammonia,  or  of  amidogene,  and  in  order 
to  explain  the  necessity  of  the  presence  of  water,  a  very  in- 
genious theory  was  proposed  by  Berzelius  and  Ampere.  It 
was,  to  consider  that  these  ammoniacal  salts  do  not  contain 
ammonia  at  all,  but  another  compound  of  nitrogen  and  hydro- 
gen, NH4,  which  is  metallic,  and  resembles  potassium  in  all 
general  characters,  and  for  which  the  name  ammomum  was 
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proposed.  This  view  squared  accurately  with  experiment, 
as  in  every  oxygen  salt  of  ammonia  there  is  just  so  much 
water  as  may  form  with  the  ammonia  oxide  of  ammonium^ 
NH4.O,  and  in  every  haloid  salt,  the  electro-negative  body 
is  combined  with  as  much  hydrogen  as  may  convert  the  am- 
monia into  the  compound  metal;  thus,  NH3.HO  +  SO3, 
and  NH3  +  HCl,  would  give  NH4.O  +  SO3  and  NH4.CI. 
Not  merely  was  this  theory  consonant  to  numbers,  but  expe- 
riment gave  very  good  reason  to  believe  in  the  real  existence 
of  this  compound  metal,  by  the  remarkable  properties  of  the 
ammoniacal  amalgam. 

When  a  globule  of  mercury,  immersed  in  water  of  am- 
monia, is  made  the  negative  pole  of  a  galvanic  battery,  it  in- 
creases fifty-times  in  volume,  becomes  semifluid  and  covered 
with  warty  excrescences,  and  finally  becomes  so  light  as 
to  float  on  water.  No  hydrogen  is  evolved  from  its  surface, 
but  oxygen  is  copiously  given  off*  from  the  positive  electrode. 
If  the  current  be  interrupted,  a  copious  disengagement  of 
hydrogen  occurs  from  this  metallic  sponge,  which  also  gives 
off*  ammonia,  and  it  soon  falls  back  to  its  original  appearance. 
By  cold  this  decomposition  may  be  retarded ;  the  pasty  mass 
may  be  removed  from  the  liquor,  and  is  found  to  crystallize 
in  cubes  at  a  cold  of  0^,  and  if  decomposed  when  dry,  over 
mercury,  it  evolves  ammonia  and  hydrogen  by  volume  in  the 
proportion  of  2 : 1.  This  indicates  that  the  mercury  is  therein 
combined  with  a  body  which  consists  of  NH4,  and  as  the 
mercury  retains  its  lustre,  the  compound  formed  is  properly 
an  alloy,  and  the  body  NH4  is  of  a  metallic  nature.  It  may 
be  the  metal  ammonium,  almost  perfectly  isolated.  All  these 
phenomena  may  be  observed  by  dissolving  one  grain  of  pd- 
tassium  in  100  grains  of  mercury,  and  dropping  the  globule 
into  a  glass  containing  strong  solution  of  sal-ammoniac.  By 
the  action  of  K.Hg  on  NH4.CI,  there  are  produced  K.Cl  and 
Hg.NH4  ;  the  globule  of  mercury  swells  up  rapidly,  and  the 
amalgam  is  sufficiently  permanent  to  be  easily  examined. 

I  have  no  doubt,  there  is  thus  obtained  a  substance  pos- 
sessing some  metallic  characters,  and  consisting  of  ammonia 


844  THEORY  OF  AMMONIUM. 

and  hydrogen^  in  fact,  subamidide  of  hydrogen^  Ad.Hj; 
But  whether  the  water  which  is  found  in  the  common  am- 
inoniacal  salts  exist  therein  as  such,  or  whether  these  salts 
contain  true  oxide  of  ammonium,  is  not  thus  decided.  In 
fact,  among  the  metallic  compounds  of  ammonia  already  ex- 
amined, we  have  found  bodies  every  way  similar  to  the  ordi- 
nary salts  of  ammonia,  except  that  a  part  of  the  hydrogen  is 
replaced  by  a  metal.  Thus,  if  we  compare  sal-ammoniac 
with  other  similar  bodies,  as  in  the  following  formulae  : 

1.  CINH4.  5.  ClNHaNi. 

2.  CINH3CU.  6.  ClNHaHg. 

3.  CI  NH3  Zn.  7.  CI  N  H,  Hg.,. 

4.  ClNHaPd.  8.  CI.  NHaPta. 

and  that  we  find  them  all  produced  by  the  action  of  am- 
monia on  a  chloride  of  a  metal,  just  as  sal-ammoniac  is  formed 
by  the  action  of  ammonia  on  chloride  of  hydrogen,  we  must 
admit  their  similarity  of  constitution ;  and  if  we  say  that  in 
No.  1,  NH4  forms  a  compound  metal,  we  must  consider  all 
the  others  as  chlorides  of  compound  radicals  also.  Still 
more,  the  connexion  is  so  perfect  from  these  bodies  to  such 
as  resemble  the  yellow  powder,  HgCl  +  2HgO  +  HgAd, 
and  from  that  to  the  oxychloride,  HgCl  +  3HgO,  that  if  we 
insist  on  assuming  the  compound  metal  ammonium  to  exist 
ready  formed  in  the  salts  of  ammonia,  we  must  lay  down  as 
a  general  principle  that  all  basic  salts  are  salts  of  compound 
metals,  which  could  not  be  tolerated  in  an  exact  science  for 
a  moment.  At  the  same  time,  therefore,  that  I  consider  the 
ammoniacal  amalgam  to  contain  ammonium,  I  believe  it  to 
be  formed  only  at  the  time,  and  that  the  ordinary  salts  of 
ammonia  contain  ammonia  and  water,  the  latter  being 
united  as  the  constitutional  water  is  in  the  magnesian  sul- 
phates, but  more  intimately.  Thus,  sulphate  of  ammonia, 
SO3-I- AdH.HO,  I  consider  to  resemble  the  bihydrated  sul- 
phuric acid,  SO3  +  HO.HO.  In  both  cases  an  atom  of 
water  may  be  replaced  by  an  oxide  of  the  magnesian  class. 

It  will  be  necessary  only  to  notice  the  more  important  of 
the  ordinary  salts  of  ammonia. 
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Muriate  of  Ammonia — Sal-ammoniac. — Cl.HaAd.Eq.666*8 
or  53-5.  This  salt,  formerly  derived  from  Africa,  is  now  ma- 
nufactured on  the  large  scale  from  the  ammoniacal  liquor  ob- 
tained in  the  destructive  distillation  of  horns,  bones,  coals, 
and  such  other  organic  matters  as  contain  nitrogen.  Those  li- 
quors, which  contain  ammonia,  combined  principally  with  car* 
bonic  acid  and  sulphuretted  hydrogen,  are  decomposed  by 
means  of  muriatic  acid  added  in  slight  excess.  By  evaporation 
to  a  pellicle  and  cooling,  the  sal-ammoniac  is  obtained  in  small 
crystals,  deeply  coloured  with  tarry  matter.  They  are  puri- 
fied by  re-crystallization,  and  finally  placed  in  cast  iron  pots, 
set  in  a  furnace,  lined  with  fire-tiles,  and  fitted  with  leaden 
heads,  into  which  the  sal-ammoniac  is  sublimed.  The  tem- 
perature is  so  managed  that  the  sublimed  salt  forms  a  cohe- 
rent, hemispherical  mass,  often  weighing  lOOlbs.,  and  when 
pure  should  be  perfectly  free  from  yellow  stains,  and  nearly 
transparent.  If  muriatic  acid  be  dear,  the  ammoniacal  liquor 
may  be  neutralized  by  sulphuric  acid ;  sulphate  of  ammonia 
is  formed,  which  is  decomposed  by  the  addition  of  common 
salt,  and  the  sulphate  of  soda  and  sal-ammoniac  separated 
by  crystallization. 

Sal-ammoniac  is  very  soluble  in  water ;  it  crystallizes  both 
by  sublimation  and  solution,  in  cubes  and  octohedrons ;  it 
is  slightly  deliquescent  and  is  soluble  in  alcohol ;  it  volatilizes 
below  a  red  heat.  When  heated  with  lime  or  potash  it  yields 
ammonia,  as  described  in  p.  825.  It  consists  of  an  equiva- 
lent of  each  element,  its  formula  being  HCl.HAd.  It  may 
be  formed  by  their  direct  combination.  When  equal  volumes 
of  dry  muriatic  acid  gas  and  ammonia  are  mixed  together, 
the  two  gases  disappear,  and  a  snow-white  powder  of  sal- 
ammoniac  results.  Hence  arise  the  white  fumes  when  a  rod 
dipped  in  water  of  ammonia  is  brought  where  chlorine  eft 
muriatic  acid  gas  is  evolved,  or  when  a  rod  dipped  in  muri- 
atic acid  is  brought  to  where  ammonia  is  escaping.  It  thus 
renders  these  bodies  the  means  of  detecting  each  other. 

Sal-ammoniac  is  remarkable  for  the  number  of  double 
salts  which  it  produces,  and  of  which  some  deserve  notice. 
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With  chloride  of  magneflium,  it  forms  the  anhydrous  salt 
AdHjCl  +  MgCl,  which  is  used  in  preparing  metallic  mag* 
nesium. 

With  percbloride  of  iron»  it  crystallises  in  fine  red  octo-> 
hedrons,  FcsCla  +  S(AdHsCl).  When  these  are  heated,  sal- 
ammoniac  sublimes,  coloured  by  some  chloride  of  iron,  and 
forms  thus  the  flares  marHales. 

The  double  salts  formed  with  the  chlorides  of  copper, 
sine  and  nickel,  crystallize  in  cubes.  They  are  all  composed 
like  that  of  copper,  which  is  CuCl  +  AdHgCl  +  2Aq- 

Corrosive  sublimate  unites  in  two  proportions  with  sal* 
ammoniac.  The  first  salt,  of  which  the  formula  is  HgCl  + 
AdHsCl  +  Aq.  is  very  soluble  in  water,  and  crystallizes  in 
flat  rhomboidal  tables,  which  effloresce  when  exposed  to  the 
air.  This  is  the  sal<dembroth  of  the  older  chemists.  The 
second  salt  crystallizes  in  rhomboidal  prisms,  which  sublime 
unchanged,  and  have  the  formula,  2HgCl  +  AdHaCl.  It  is 
by  the  formation  of  these  salts  that  corrosive  sublimate  be* 
comes  so  easily  soluble  in  a  solution  of  sal-ammoniac 

Sal-ammoniac  and  bichloride  of  platinum  form  a  double 
salt,  whose  formula  is  PtClg  +  AdH^Cl.  It  precipitates  as 
a  bright  yellow  powder,  when  solutions  of  its  constituents 
are  mixed,  and  especially  if  alcohol  be  added,  in  which  it  is 
quite  insoluble.  It  is  but  very  sparingly  soluble  in  water, 
but  more  so  in  boiling  water,  from  which  it  crystallizes  in 
orange-red  octohedrons.  When  ignited,  it  leaves  behind 
metallic  platinum  in  the  form  of  a  light  sponge.  It  is  of 
use  in  preparing  spongy  platina,  and  in  the  detection  of  am* 
monia. 

With  chloride  of  gold,  sal-ammoniac  forms  a  double  salt, 
which  crystallizes  in  orange-red  cubes,  having  the  formula 
AuCl3  +  AdHaCl  +  2Aq. 

The  hydrobromate  and  hydriodate  of  ammonia  do  not 
require  notice.  They  resemble  the  sal-ammoniac  in  all  im- 
portant characters,  and  combine  with  the  metallic  bromides 
and  iodides  to  form  similar  double  salts. 

Hydrasulphuret  of  Ammonia. — ^When  sulphuretted  by- 
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drogen  and  ammonia  gases  are  mixed  in  equal  volumes^  in  a 
vessel  cooled  by  ice,  they  combine,  forming  colourless  needles, 
which  evaporate  at  ordinary  temperatures.  The  formula  of  this 
compound  is  SH+HAd,  or  S.NH4  analogous  to  protosulphu- 
ret  of  potassium  S.K.  Like  that  it  combines  with  as  much 
more  sulphuret  of  hydrogen,  forming  a  volatile  crystalline 
compound,  AdHa.  S  +  HS.  This  bihydrosulphuret  of  am- 
monia is  formed  also  when  sulphuretted  hydrogen  is  passed 
into  water  of  ammonia,  as  long  as  it  is  absorbed.  For 
each  atom  of  ammonia  present,  two  atoms  of  sulphuretted 
hydrogen  are  taken  up.  By  exposure  to  the  air,  this  so* 
lution  becomes  yellow,  owing  to  the  absorption  of  oxygen 
and  the  liberation  of  sulphur.  It  is  capable  of  dissolving  a 
large  quantity  of  sulphur,  forming  compounds  analogous  to 
the  higher  sulphurets  of  potassium.  This  hydrosulphuret 
of  ammonia  is  of  great  importance  in  the  detection  of  the 
metals,  from  the  formation  of  metallic  sulphurets.  It  is  a 
sulphur  base,  and  forms  salts  with  the  sulphur  acids,  ana* 
logons  to  those  formed  by  sulphuret  of  potassium. 

Sulphate  of  Ammonia. — AdH2.0.S03  +  Aq.  This  salt 
is  formed  on  the  large  scale  in  the  manufacture  of  sal-ammo- 
niac ;  it  may  be  prepared  pure  by  neutralizing  water  of  am* 
monia  by  sulphuric  acid ;  it  crystallizes  in  flat 
rhomboidal  prisms,  as  in  fig.  or  in  macles,  isomor-- 
phouswith  the  crystals  of  sulphate  of  potasl).  It 
is  very  soluble  in  water,  but  insoluble  in  alcohol ; 
when  heated,  it  gives  off  water,  ammonia  and  azote, 
and  sulphite  of  ammonia  sublimes.  It  combines  with  the  sul- 
phates of  copper,  zinc,  iron,  alumina,  &c.,  forming  double 
salts  exactly  analogous  to  those  formed  by  sulphate  of  pot* 
ash.  With  oil  of  vitriol  it  unites  to  form  bisulphate  of  am^ 
monia,  which  is  deliquescent  and  soluble  in  alcohol. 

Nitrate  of  Ammonia. — AdH20.N05.  Is  formed  by  neu- 
tralizing nitric  acid  by  ammonia.  It  crystallizes  in  striated 
hexagonal  prisms,  isomorphous  with  nitre,  of  a  bitter  sa- 
line taste  ;  they  are  deliquescent  and  very  soluble  in  water. 
When  heated,  they  fuse  at  230%  and  at  about  4-60^  are  rapidly 
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decomposed  into  nitrous  oxide  and  water,  as  described 
p.  442.  By  the  presence  of  a  large  excess  of  sulphuric  acid, 
this  action  takes  place  at  much  lower  temperatures.  When 
heated  with  combustible  bodies,  it  deflagrates  with  extreme 
violence. 

PkoMphaies  of  Ammoma. — ^The  tribasic  phosphoric  acid 
forms,  with  ammonia,  two  salts  ;  the  first,  whose  formula  is 
(POa  +  AdHaO  +  2UO)  +  Aq.,  is  prepared  by  adding  the 
acid  in  excess  to  water  of  ammonia ;  it  crystallizes  in  rhom- 
bic prisms,  which  are  very  soluble  in  water.  Their  reaction 
to  test  paper  is  strongly  acid.  If  the  ammonia  be  added  in 
excess,  a  salt  crystallizes,  possessing  nearly  the  same  charac- 
ters, except  that  its  reaction  is  alkaline,  and  its  formula 
POa  +  2( AdH^O)  +  HO.  Both  of  these  salts  yield,  by  ig- 
nition,  phosphoric  acid. 

Ammoniaea^Magnesian  Phosphate. — When  a  solution  of 
a  salt  of  magnesia  is  added  to  any  soluble  phosphate,  and 
the  liquor  rendered  alkaline  by  ammonia,  a  crystalline  pre- 
cipitate is  formed,  which  is  soluble  in  acids,  sparingly  solu- 
ble in  water,  but  insoluble  in  alkaline  liquors.  Its  formula  is 
POa  +  ( AdHaO  +  2MgO)  +  l2Aq.  Its  formation  is  often 
of  use  for  the  detection  of  magnesia^  and  it  is  occasionally 
generated  in  urine  by  the  action  of  ammonia,  produced  by  the 
spontaneous  decomposition  of  urea,  upon  the  soluble  phos- 
phates of  magnesia,  which  it  contains.  It  then  constitutes  a 
common  variety  of  calculus. 

Phosphate  of  Ammonia  and  Soda. — ^This  salt,  of  which 
the  formula  is  PO*  +  (AdHjO  +  NaO -f- HO)  +  8Aq.,  is 
easily  produced  by  mixing  together,  in  solution,  six  parts  of 
common  phosphate  of  soda  and  one  of  sal-ammoniac.  On 
cooling,  it  crystallizes  in  large  prisms,  which  efiBoresce  in  the 
air.  When  heated,  it  gives  monobasic  phosphate  of  soda 
and  free  phosphoric  acid,  as  a  source  of  which  it  is  much 
used  in  blowpipe  experiments,  under  the  name  of  microcos- 
mic  salt.     It  is  found  in  all  the  animal  fluids. 

Carbonates  of  Ammonia. — The  salt  which  under  this 
name  is  used  for  medicinal  purposes^  is  prepared  by  mixing 
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together  one  part  of  sal-ammoniac  with  two  of  powdered 
chalky  and  exposing  the  mixture  in  an  earthen  pot  to  a  heat 
below  redness.  These  bodies  reacting,  produce  chloride  of 
calcium  and  carbonate  of  ammonia,  which  sublimes  and  is 
condensed  as  a  crystalline  semi-transparent  mass,  in  a  dome- 
shaped  receiver,  which  is  fastened  on  the  subUming  pot.  By 
right  this  should  be  a  neutral  salt,  AdH3.Cl  and  CaO.COa, 
giving  CaCl  and  AdHaO.COa;  but  a  quantity  of  ammonia  and 
water  is  given  off,  and  the  sublimed  salt  was  considered  to 
be  a  sesquicarbonate,  consisting  of  2  (AdHaO)  +  8.CO3, 
until  Scanlan  showed  that  it  was  a  mixture  of  two  different 
salts,  which  may  be  separated  by  water.  Rose  has  recently 
thoroughly  examined  the  carbonates  of  ammonia,  of  which 
there  are  a  great  number,  but  only  four  sufficiently  important 
to  be  noticed  here. 

The  proper  neutral  carbonate  of  ammonia,  AdH^O.COa, 
does  not  exist,  except  in  combination,  but  its  compounds  are 
very  numerous  ;  it  forms, 

ist.  With  carbonate  of  water,  the  ordinary  bicarbonate 
qfammonia,  AdH20.CO,+  HO.COj.  This  is  prepared  by 
washing  the  commercial  sesquicarbonate  with  cold  water  or 
alcohol,  when  it  remains  behind  as  a  skeleton  of  crystalline 
grains,  which  are  isomorphous  with  bicarbonate  of  potash. 
It  evaporates  spontaneously,  with  a  weak  odour  of  ammonia. 
Its  solution  reacts  feebly  alkaline.  By  pouring  on  the  com- 
mercial sesquicarbonate  as  much  boiling  water  as  dissolves 
it,  and  letting  the  solution  cool  in  a  close  bottle,  so  that  no 
carbonic  acid  can  escape,  this  salt  may  be  obtained  in  large 
rhomboidal  crystals,  which  contain  one  and  a-half  atoms  of 
water. 

2nd.  The  substance  which  is  dissolved  out  of  the  sublimed 
mass  of  sesquicarbonate,  by  alcohol,  is  identical  with  that 
formed  by  the  union  pf  dry  carbonic  acid  and  ammonia.  Its 
formula  is  therefore  AdH.CO.2,  and  the  ordinary  sesqui- 
tarbonate  is  a  mechanical  mixture  of  it  with  the  bicarbonate. 

When  the  sublimed  sesquicarbonate  is  distilled  at  a  mo- 
derate heat  in  a  retort,  it  abandons  carbonic  acid,  and  two 
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salts,  diflfering  in  volatility,  are  condensed  in  the  neck.  The 
more  volatile  consists  of  AdH90.C02  +  HAd.COs;  being  a 
compound  of  neutral  carbonate  with  dry  carbonate,  or  a 
bicarbonate  in  which  the  basic  oxide  of  hydrogen  is  replaced 
by  amidide  of  hydrogen  ;  the  two  double  salts, 

AdHjO.COa  4.  HO.COss  water-bicarbonate  of  ammonia. 
AdHsO.COs  +HAd.C03  ammonia-bicarbonate  of  ammonia. 

being  precisely  equivalent  in  composition.  The  less  vo- 
latile product  is  of  very  complex  composition ;  its  formula  is 
4  (AdH20)  +  ^COa,  or  it  consists  of  an  atom  of  neutral 
carbonate  united  to  an  atom  of  each  of  the  different  bicar- 
bonates,  thus : 

AdHaO.CO,  1 

AdHaO.COa  +  H0.C02[=  ^  (AdHaO)  -I-6CO2 
AdHjO.COa  +  HAd.Cojj^ 

Oxalate  of  Ammonia* — AdHaO.CsOs.  May  be  prepared 
by  neutralizing  oxalic  acid  by  water  of  ammonia;  it  crystal- 
lises in  right  rhombic  prisms,  as  in  the  figure, 
where  p,  u,  tf,  are  primary,  and  f,  t  secondary 
planes.  These  crystals  contain  an  atom  of  water 
which  they  lose  by  efflorescence  in  dry  air.  When 
heated,  it  is  completely  decomposed,  water  being  evolved, 
and  oxamide  subliming,  Ad.H2.0.Cs03,  producing  2.H0 
and  Ad.C^kOs.  This  neutral  oxalate  of  ammonia  combines 
with  oxalic  acid,  forming  a  binoxalate  and  a  quadroxalate 
like  those  of  potash. 

The  oxamide  may  also  be  prepared  by  acting  on  oxalic 
ether  with  water  of  ammonia,  or  by  dissolving  oxalic  acid 
in  a  mixture  of  equal  volumes  of  oil  of  vitriol  and  alcohol, 
and  adding  ammonia  in  excess.  It  is  a  light  white  powder, 
tasteless  and  insoluble  in  water ;  it  is  decomposed  by  acids 
and  by  strong  bases,  in  contact  with  water,  oxalic  acid  and 
ammonia  being  regenerated.  Its  discovery  by  Dumas  laid 
the  foundation  of  our  present  knowledge  of  the  nature  of 
ammonia,  by  leading  him  to  the  idea  of  the  probable  exis- 
tence of  amidogene 


CHAPTER  XIX. 

OF  CYANOGEN  AND  ITS  COMPOUNDS,  AND  OP  THE 
BODIES  DERIVED  FROM  IT. 

TiiEBB  is  no  class  of  organic  bodies  of  which  our  knowledge 
is  more  extensive  and  exact,  than  those  which  have  cyanogen 
as  their  basis.  The  powerful  affinities  which  this  radical 
exerts,  the  simplicity  of  its  constitution,  and  above  all,  our 
being  able  to  prepare  it  in  an  isolated  form,  and  to  generate 
its  compounds  directly  from  it,  as  we  could  those  of  a  truly 
simple  body,  render  its  history  the  most  advanced  portion  of 
organic  chemistry,  and  that  to  which  the  analogy  of  mineral 
bodies  and  the  theory  of  compound  radicals,  is  most  unde- 
niably applicable. 

Cyanogen  does  not  exist  in  nature  ready  formed ;  the 
kernels  of  peaches,  plums,  bitter  almonds,  &c.  and  the  leaves 
of  the  cherry-laurel,  yield,  by  simple  distillation,  abundance 
of  prussic  acid,  (cyanide  of  hydrogen),  but  this  is  only  then 
produced  by  the  decomposition  of  other  substances  con- 
taining nitrogen. 

Cyanogen  may,  however,  be  formed  abundantly,  and  in  a 
simple  manner,by  bringing' its  elements  together  at  a  high  tem- 
perature, in  contact  with  substances  with  which  it  may  unite. 
Thus  when  any  organic  substance  containing  nitrogen  is 
calcined  with  potash,  the  nascent  carbon  and  hydrogen  unite, 
and  cyanide  of  potassium  is  formed ;  even  with  pure  charcoal 
this  occurs,  nitrogen  being  derived  from  the  air ;  and  Mr. 
Fownes  has  shown,  that  when  a  mixture  of  pure  charcoal 
and  potash  are  ignited  in  a  tube,  and  a  current  of  pure 
nitrogen  passed  through  it,  this  is  absorbed  and  carbonic 
oxide  gas  being  given  off,  cyanide  of  potassium  is  produced, 
8C  with  KO  and  N,  giving  CO  and  QN.K.  By  the  action  of 
ammonia  also,  on  ignited  charcoal,  cyanogen  is  formed  in 
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abundance ;  it  combines  with  hydrogen  and  the  excess  of 
ammonia,  and  produces  prussiate  of  ammonia.  In  this  case 
2C  and  2NH3  produce  CaH  +  NHa  and  H9  become  free.  It 
is  by  virtue  of  these  processes,  that  cyanogen  is  produced  for 
its  various  applications  in  the  arts,  but  as  I  shall  return  to 
them  in  detail,  I  shall  now  only  consider  further  the  mode  of 
obtaining  it  free  and  pure. 

Cyanide  of  silver,  or  cyanide  of  mercury,  of  which  the 
preparation  will  be  described  hereafter,  is  to  be  introduced 
into  a  small  glass  retort,  and  heated  to  just  below  redness ; 
a  gas  is  given  off  which  must  be  collected  over  the  mer- 
curial trough ;  the  cyanide  of  silver  separates  simply  into 
metal  and  cyanogen;  but  when  cyanide  of  mercury  is  used, 
a  brown  powder  appears,  the  quantity  of  which  is  less  as  the 
temperature  of  decomposition  has  been  lower.  The  gas 
which  comes  over  is,  however,  cyanogen  completely  pure. 

Its  properties  are  very  marked.  It  is  colourless,  of  a 
sharp  smell,  which  irritates  the  eyes.  Its  sp.  gr.  is  1819. 
If  a  quantity  of  cyanide  of  silver  be  sealed  up  in  a  strong 
tube,  bent  as  in  the  6gure,  and  then  heated  at  one  end  a,  the 
cyanogen  is  condensed  by  a  ^^^^.-.-^^^ 

pressure  of  about  four  atmos-  ^^^^^^^^""'^"^^^''^^^^^^ 
pheres,  and  collects  at  the  ^^^^  ^ 

other  end  6  as  a  colourless  liquid.  It  is  combustible,  burn- 
ing with  a  beautiful  rose-coloured  flame,  and  producing 
two  volumes  of  carbonic  acid  and  one  of  nitrogen.  It 
is  constituted,  therefore,  of  equal  volumes  of  carbon  va- 
pour, and  nitrogen ;  the  two  volumes  being  condensed  to 
one  ;  hence  843  4. 976  =  1819  is  its  sp.  gr.  It  dissolves  abun- 
dantly in  alcohol  and  water,  but  these  solutions  soon  undergo 
very  complex  decompositions ;  the  liquor  being  found  to  con- 
tain carbonic  acid,  prussic  acid,  ammonia,  urea,  and  oxalic 
acid  besides  a  brown  insoluble  matter.  A  similar  decomposition 
is  produced  much  more  rapidly  by  contact  with  water  of  am- 
monia. The  composition  of  this  brown  matter  appears  to  be 
C4N3HO.  It  dissolves  in  alkalies,  and  gives  precipitates  with 
the  metallic  salts ;  it  has  been  termed  hence  azulmic  add. 
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When  heated  it  gives  off  water,  and  leaves  a  deep  brown 
powder,  of  the  same  composition  as  cyanogen,  and  which  has 
been  termed  paracyanogen.  This  may  be  also  formed  by 
heating  cyanide  of  mercury  very  strongly.  It  dissolves  in 
hot  nitric  acid,  and  the  solution  gives,  with  water,  a  yellow 
precipitate,  which  combines  with  bases,  and  has  been  termed 
paracyanic  acid.  By  strong  ignition,  paracyanogen  evolves 
nitrogen,  and  a  very  ^nse  carbon  remains. 

Cyanogen  combines  directly  with  hydrogen  and  with  the 
metals,  but  its  oxygen-combinations  require  to  be  indirectly 
formed;  there  are  three  compounds  of  cyanogen  and  oxygen, 
which  are  all  acids,  and  are  polymeric  bodies.  It  unites  also 
with  sulphur,  and  its  compounds  have  a  remarkable  ten- 
dency to  form  double  and  triple  combinations. 

The  formula  of  cyanogen  is  indifferently  written  C2N  or 
Cy.    Its  equivalent  number  is  328-6,  or  26-05. 

SECTION  I. 

NON-METALLIC  COMPOUNDS  OF  CYANOGEN. 
Compounds  of  Cyanogen  and  Oxygen. 

Cyanic  Acid. — Cy.O.  Eq.  428*6  or  3405.  Is  very  easily  ob- 
tained in  combination,  by  calcining  the  cyanide  of  potassium 
in  contact  with  tha  aiir,  at  a  temperature  below  redness,  in 
which  case  oxygen  is  directly  absorbed ;  or  by  heating  the 
cyanide  with  nitre,  or  with  peros.ide  of  manganese,  which 
yield  the  oxygen  required.  For  this  purpose  the  yellow 
prussiate  of  potash  of  commerce  may  be  employed,  as  the 
cyanide  of  iron  which  it  contains  is  totally  decomposed,  and 
the  cyanide  of  potassium  then  acts  as  if  it  were  completely 
pure.  The  cyanic  acid  cannot,  however,  be  isolated  from 
these  salts  by  a  stronger  acid,  as  it  then  rapidly  changes  into 
bicarbonate  of  ammonia,  uniting  with  the  elements  of  three 
atoms  of  water,  thus  C2NO  and  3.HO  produce  NH3  and 
2.CO2. 

The  cyanic  acid  can  be  obtained  free,  only  by  distilling 
thecyanuric  acid,Cy303  +  3.H0,  which  then  transforms  itself 
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into  the  hydrated  cyanic  acid  CyO  +  HO,  and  is  to  be  col- 
lected in  a  receiver  surrounded  with  snow.  It  is  a  colourless 
liquid,  of  a  very  pungent  odour ;  cauterizes  the  skin,  and 
when  mixed  with  water  is  decomposed  as  above  stated. 
When  preserved  in  its  most  concentrated  form,  it  soon 
transforms  itself  into  a  white  mass,  like  porcelain,  of  the 
same  composition  CaNHOj  which  has  been  termed  cyanam' 
elide.  This  body  is  insoluble  in  watei(^  but  by  heat  is  trans- 
formed back  again  into  hydrated  cyanic  acid,  and  by  strong . 
acids  is  resolved  into  carbonate  of  ammonia. 

Cyanic  acid  does  not  exist  in  the  anhydrous  state. 

The  cyanic  acid  forms  but  one  series  of  salts,  being  mo- 
nobasic ;  those  of  the  alkalies  are  soluble ;  the  others  are 
white  insoluble  powders. 

Cyanate  of  Potash  CyO.KO.  The  yellow  prussiate  of 
potash  of  commerce  being  roasted  in  an  earthen  dish  absorbs 
oxygen,  and  the  cyanide  of  potassium  is  converted  into  cy- 
anate of  potash.  When  the  mass  becomes  adhesive  from  the 
fusion  of  the  product,  it  is  to  be  digested  with  alcohol,  from 
which  the  pure  cyanate  crystallizes  on  cooling,  in  rhombic 
tables  like  chlorate  of  potash.  In  contact  with  water,  this 
salt  is  rapidly  decomposed,  ammonia  being  evolved  and  car- 
bonate of  potash  formed.  If  dry  cyanate  of  potash  and  dry 
crystals  of  oxalic  acid  be  rubbed  together  in  a  mortar,  oxalate 
of  potash  is  formed,  and  the  cyanic  acid  changes  into  cyanam- 
elide. 

Cyanic  Acid  and  Ammonia. — If  hydrated  cyanic  acid  be 
placed  in  contact  with  dry  ammonia,  they  combine  and  form 
a  white  woolly  mass,  which  dissolves  in  water,  and  acts  as  an 
ordinary  cyanate.  It  appears  to  contain  CyO  +  HO  +  2.NH3. 
If  it  be  gently  heated  it  gives  off  ammonia,  and  is  trans- 
formed into  an  important  substance,  urea^  which  though  thus 
capable  of  being  artificially  produced,  will  be  specially  de- 
scribed as  a  product  of  the  organization,  in  another  chapter. 
Whenever  we  attempt  to  form  the  neutral  cyanate  of  am- 
monia, CyO.NH3.HO,  urea  is  produced  ;  thus  by  acting  on 
cyanate  of  silver  with  muriate  of  ammonia,  or  by  mixing  so- 
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lutions  of  sulphate  of  ammonia  and  cyanate  of  potash.  But 
still  we  cannot  consider  urea  to  be  merely  cyanate  of  am- 
monia^  to  which  it  bears  the  same  relation  that  cyanamelide 
does  to  hydrated  cyanic  acid. 

Fulminic  Acid. — Cy202  +  2.H0.  This  acid,  which  has 
attracted  much  attention  from  the  detonating  properties  of 
its  salts,  is  prepared  by  the  action  of  nitric  acid  on  alcohol, 
in  presence  of  oxide  of  mercury  or  silver.  The  reaction  is 
very  complex ;  a  crowd  of  products  of  the  oxidation  of  the 
alcohol  being  evolved,  as  aldehyd,  formic,  acetic,  and  oxalic 
acid,  &c.  If  the  action  were  limited  to  the  essential  conditions 
it  would  probably  consist  in  two  equivalents  of  alcohol  and  two 
of  nitric  acid,  producing  one  of  acetic  acid,  one  of  fulminic 
acid,  and  eight  of  water,  thus,  2.NO5  and  2  (C4HaO,),  give 
C4H4O4  and  C4N2O2,  besides  8.H0. 

The  fulminic  acid  cannot  be  obtained  in  an  isolated  form ; 
when  we  attempt  to  separate  it  from  bases,  it  is  instantly 
decomposed.  Thus,  if  fulminate  of  silver  be  acted  on  by 
dilute  muriatic  acid,  chloride  of  silver,  and  a  peculiar  acid 
containing  chlorine  and  cyanogen,  are  produced.  The  ful- 
minic acid  is  bibasic,  and  forms  two  series  of  salts,  of  which 
the  neutral  contain  two  equivalents  of  fixed  base ;  the  acid 
salts  containing  one  of  fixed  base  and  one  of  water. 

Fulminate  of  Silver. — Cy20a  +  2.Ag.O.  It  is  prepared 
by  dissolving  silver  in  ten  parts  of  nitric  acid,  sp.  gr.  1*35, 
and  pouring  the  solution,  when  cold,  into  twenty  parts  of 
rectified  spirits  of  wine.  The  mixture  is  to  be  gently  heated 
till  it  begins  to  boil,  and  then  left  to  cool  slowly.  The  fulmi- 
nate of  silver  is  deposited  in  fine  silky  crystals,  snow-white, 
and  equal  in  weight  to  the  silver  employed.  It  is  very  spar- 
ingly soluble  in  cold  water.  It  detonates  with  the  slightest 
shock,  or  by  contact  with  sulphuric  acid.  When  acted  on  by 
a  caustic  alkali,  as  potash,  half  of  the  silver  separates  as 
oxide,  and  a  salt  is  formed,  CyaOa  +  KO.AgO.  If  it  be 
dissolved  in  warm  dilute  nitric  acid,  half  of  the  silver  is  also 
removed  and  replaced  by  water,  and  on  cooling,  the  acid 
fulminate  of  silver,  CyQOa+HO.AgO,  crystalliases  out.  This 
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explodes  more  readily  than  the  first  salt,  by  friction  and  by 
contact  with  oil  of  vitriol  or  chlorine  gas. 

By  digesting  these  fulminates  of  silver  with  metallic  zinc, 
or  copper,  fulminates  of  these  metals  with  two  atoms  of  oxide 
are  obtained,  and  by  acting  on  these  salts  with  an  alkali,  or 
barytes,  salts  with  two  different  bases  may  be  formed.  In 
no  case,  however,  can  a  fulminate  containing  two  atoms  of 
an  alkaline  base  be  produced.  All  these  salts  possess  deto- 
nating properties  more  or  less  violent. 

Fulminate  of  the  Suboxide  of  Mercury. — Cy2O2+2.Hg20. 
This,  the  most  important  salt  of  fulminic  acid,  is  prepared 
by  dissolving  mercury  in  nitric  acid,  and  treating  it  by 
alcohol,  as  in  preparing  fulminate  of  silver.  As  the  solution 
cools,  some  metallic  mercury  precipitates,  and  the  (ulminate 
of  the  suboxide  is  deposited  in  hard  opaque  vrhite  crystak, 
generally  very  minute.  It  is  to  be  washed  and  redissohed  in 
boiling  water,  and  crystallizes  then  in  fine  silky  needles. 
This  salt  detonates  violently  when  struck  between  two  hard 
bodies.  It  is  extensively  used  in  the  manufacture  of  the 
percussion  caps  used  with  fire-arms.  As  a  great  quantity  of 
alcohol  is  wasted  in  this  process,  it  was  proposed  to  carry  on 
the  action  in  close  vessels,  and  condense  the  spirit,  whicb, 
however,  was  found  to  be  unfit  for  any  but  the  same  use, 
from  containing  a  large  quantity  of  prussic  acid. 

Cyanuric  Acid.— CyjO^  +  3HO. 
This  acid  is  produced  under  a  variety  of  circumstances 
where  the  elements  of  cyanic  acid  become  free.  Thus,  if 
the  solid  chloride  of  cyanogen  be  treated  with  water,  CyCl 
and  Il.O  produce  H.Cl  and  CyO,  but  this  transforms  itself 
immediately  into  cyanuric  acid.  It  is  formed  abundantly,  as 
a  white  sublimate,  in  the  dry  distillation  of  uric  acid,  and  may 
be  very  simply  produced  by  heating  urea  a  little  above  its 
point  of  fusion,  in  a  glass  retort ;  ammonia  is  given  off,  and 
the  urea  changes  into  a  dry  grey  mass,  which  is  to  be  dis- 
solved in  strong  sulphuric  acidj  and  treated  with  nitric  acid, 
added  in  small  quantities,  until  it  becomes  quite  colourless. 
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Being  then  diluted  with  its  own  weight  of  water,  the  liquor 
yields  crystals  of  cyanuric  acid  on  cooling.  It  is  evident 
that  three  atoms  of  urea,  3  (C2H4N2O2)  contain  the  elements 
of  three  atoms  of  ammonia^  and  one  of  cyanuric  acid,  CeNsOa 
+  3H0. 

By  means  of  a  substance  which  will  be  hereafter  noticed, 
termed  melam,  cyanuric  acid  may  be  formed  simply  and  in 
quantity.  The  details  of  the  process  will  be  given  when  de- 
scribing the  properties  of  that  body. 

Cyanuric  acid  is  colourless,  and  nearly  tasteless,  pos- 
sessing a  very  slight  acid  reaction.  It  crystallizes  in  oblique 
rhombic  prisms,  which  have  the  formula  CyaOa  +  SHO+ 
4Aq.  By  a  moderate  heat,  the  4Aq.  are  expelled,  and  when 
more  strongly  heated,  the  dry  acid  changes  into  hydrated 
cyanic  acid.  This  acid,  being  tribasic,  forms  three  distinct 
classes  of  salts,  which  differ  as  the  quantity  of  fixed  base  is 
one,  or  two,  or  three  atoms.  If  any  of  these  salts  be  acted 
on  by  a  stronger  acid,  the  cyanuric  acid  is  completely  libe- 
rated. 

Cyanide  of  Hydrogen. — Hydrocyanic  Acid. — Prussic  Acid. 

This  remarkable  substance  may  be  formed  by  the  direct 
combination  of  hydrogen  and  cyanogen.  It  exists  in  the 
water  distilled  from  bitter  almonds,  or  from  the  leaves  of  the 
cherry-laurel,  being  produced  by  the  decomposition  of  a  pe- 
culiar substance,  amygdaline^  which  those  plants  contain. 
For  the  purposes  of  medicine  and  chemistry,  it  is  prepared 
by  indirect  processes  of  many  kinds.  Thus,  if  formiate  of 
ammonia  (C2HO3  4-  NH4O)  be  passed  in  vapour  through  a 
red-hot  porcelain  tube,  it  is  totally  converted  into  prussic 
acid  and  water ;  C2N.H  and  4HO.  Also  by  passing  ammonia 
over  red-hot  charcoal,  hydrocyanate  of  ammonia  is  formed 
in  such  quantity  that  prussic  acid  may  be  economically  pre- 
pared from  it.  If  cyanide  of  silver  be  decomposed  by  mu- 
riatic acid,  chloride  of  silver  and  cyanide  of  hydrogen  are 
produced,  (Ag.Cy  and  H.Cl,  giving  Ag.Cl  and  H.Cy) ;  and 
by  Bulphuret  of  hydrogen,  cyanide  of  mercury  gives  sul- 
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phuret  of  mercury  and  prussic  acid.  For  its  preparation 
on  the  large  scale,  however,  the  substance,  used  is  the  yellow 
prussiate  of  potash  of  commerce. 

This  salt,  the  preparation  of  which  will  be  hereafter  de- 
scribed, consists  of  cyanide  of  iron  united  to  cyanide  of  po- 
tassium ;  by  the  action  of  sulphuric  acid,  three-fourths  of  the 
latter  are  decomposed,  bisulphate  of  potash  being  formed, 
and  prussic  acid  liberated ;  (2SO3  +  HO)  and  CyK  giving 
(KO.SO3  +  HO.SO3)  and  CyH).  The  cyanide  of  iron  re- 
mains  still  combined  with  the  other  fourth  of  the  cyanide 
of  potassium,  forming  a  compound  first  described  by  Mr. 
Everitt  The  prussic  acid  thus  produced  contains,  there- 
fore, one-half  of  the  cyanogen,  which  existed  in  the  salt  em- 
ployed. The  precise  decomposition  is,  that  two  equivalents  of 
the  yellow  ferroprussiate  of  potash,  2(FeCy  +  S.KCy),  acted 
on  by  six  atoms  of  oil  of  vitriol,  6(S03  +  HO)  produce  three 
atoms  of  bisulphate  of  potash,  3(HO.S03 -t- KO.SO3),  and 
three  atoms  of  prussic  acid,  S.HCy ;  there  remains  then  an 
atom  of  Everitt's  salt  (S.FeCy -f  K.Cy),  which,  when  first 
formed,  is  yellow,  but  by  rapidly  absorbing  oxygen  it  becomes 
greenish,  and  abandoning  its  cyanide  of  potassium,  is  finally 
converted  into  basic  Prussian  blue. 

The  mode  of  conducting  the  process  depends  on  the  de- 
gree of  strength  at  which  the  prussic  acid  is  required.  To 
obtain  the  anhydrous  acid,  three  parts  of  yellow  prussiate 
of  potash,  in  fine  powder,  are  to  be  decomposed  by  a  mixture 
of  two  parts  of  oil  of  vitriol  and  two  of  water,  in  a  small  re- 
tort, at  a  very  gentle  heat,  and  the  product  collected  in  a 
receiver,  surrounded  by  ice,  and  containing  some  fragments 
of  recently  fused  chloride  of  calcium,  by  which  any  traces  of 
water  which  come  over  are  absorbed.  The  process  originally 
employed  by  Gay-Lussac,  consists  in  decomposing  cyanide 
of  mercury  by  strong  muriatic  acid,  and  passing  the  vapour 
through  a  long  tube,  of  which  the  half  next  the  retort  con- 
tains small  firagments  of  marble,  and  the  other  half  fragments 
of  recently  fused  chloride  of  calcium ;  any  muriatic  acid  vapour 
is  arrested  by  the  former,  and  the  prussic  acid  b  rendered 
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anhydrous  by  the  latter ;  the  vapour  is  then  condensed  in  a 
receiver,  surrounded  by  ice. 

Pure  prussic  acid  is  a  colourless  liquid ;  its  specific  gra- 
vity at  67^  is  0-6969 ;  at  5^  Fah.  it  congeals  into  a  mass  of 
fibrous  crystals,  and  at  80^  boils.  In  consequence  of  this 
great  volatility,  if  a  drop  of  it  be  suspended  from  a  glass 
rod,  one  part  of  it  will  be  solidified  by  the  cold,  produced 
by  the  rapid  evaporation  of  another  portion.  The  density  of 
its  vapour  is  943*9,  consisting  of  equal  volumes  of  cyanogen 
and  hydrogen,  united  without  condensation,  as  (1819*0  4- 
68*8)  -f-  S  =  943*9.  It  reddens  litmus  paper  feebly,  and  the 
tint  disappears  by  heat.  Its  odour  is  extremely  suffocating 
and  pungent,  and  resembles  that  of  bitter  almonds.  Its 
taste  is  bitter  and  acrid.  It  is  combustible,  burning  with  a 
bright  white  flame.  Being  a  poison  of  intense  activity,  the 
greatest  care  should  be  used  in  manipulating  with  it,  in  this 
concentrated  form. 

Anhydrous  prussic  acid  decomposes  rapidly,  especially 
if  exposed  to  light.  It  forms  ammonia,  and  a  brown  sub- 
stance, probably  the  same  as  that  produced  from  a  so- 
lution of  cyanogen  in  water,  and  termed  axulnUc  cund,  as 
noticed,  p.  852,  but  of  which  the  composition  is  not  well 
known.  By  contact  with  a  strong  acid,  prussic  acid  assi- 
milates the  elements  of  three  atoms  of  water,  and  produces 
formic  acid  and  ammonia ;  (C2NH  and  3.H0  giving  Cs-HOa 
and  NH3).  Hence,  in  the  preparation  of  prussic  acid,  an 
excess  of  any  mineral  acid  should  be  avoided.  With  chlorine, 
prussic  acid  forms  muriatic  acid  and  chloride  of  cyanogen, 
and  with  iodine  it  acts  similarly. 

For  medicinal  use,  the  prussic  acid  is  prepared  in  a  very 
dilute  condition.  The  directions  sometimes  given  in  phar- 
macopoeias to  distill  over  an  acid  of  a  specific  strength,  are, 
in  practice,  very  difficult  to  execute,  and  might  give  rise  to 
serious  errors.  The  proper  method  is,  to  prepare  an  acid 
stronger  than  that  required ;  then  to  ascertain  by  accurate 
analysis  its  strength,  and  dilute.it  with  distilled  water  until 
it  be  brought  exactly  to  the  degree  required.    This  process 


860  ESTIMATE  OF  THE  STRENGTH  OF  PEU8S1C  ACID. 

is  carried  on  in  the  manufacturing  laboratory  of  the  Apothe- 
caries* Hall  of  Ireland,  as  follows :  lib  of  crystallized  yellow 
pnissiate  of  potash,  in  fine  powder,  is  placed  in  a  capacioas 
retort,  and  21bs.  of  water  poured  on  it ;  to  this  is  added  a 
mixture  of  12ozs.  of  oil  of  vitriol  and  Slbs.  of  water,  pre- 
viously suffered  to  cool.  These  materials  are  well  agitated, 
and  allowed  to  digest  for  three  or  four  hours,  and  then  be- 
tween 2  and  31bs.  of  dilute  acid  are  distilled  over  into  a  re- 
ceiver containing  already  lib.  of  distilled  water;  there  are  ob- 
tained thus,  3  or  41b8.  of  an  acid  containing  from  6  to  8  per 
cent,  of  real  acid.  200  grs.  of  this  are  weighed  and  decom- 
posed by  an  excess  of  nitrate  of  silver ;  the  cyanide  of  silver 
precipitated  is  carefully  collected,  washed,  and  dried.  Being 
then  weighed,  the  exact  per  centage  of  acid  present  is  found 
by  calculation,  and  the  necessary  quantity  of  water  is  added, 
so  as  to  bring  it  to  the  standard  strength  of  the  Dublin 
pharmacopceia,  which  is  that  of  1*6  per  cent  of  real  acid, 
and  specific  gravity  of  0*998. 

As  an  example  of  this  process,  let  us  suppose  that  the 
SOO  grs.  of  distilled  acid  gave,  with  nitrate  of  silver,  74  grs. 
of  cyanide ;  as  this  contains  14*95  of  cyanogen,  the  200 
grs.  contained  15*53  of  real  acid,  or  7*76  per  cent;  now 
to  reduce  this  to  the  Dublin  standard,  divide  7*76  by  H, 
which  gives  4*85;  indicating  that  by  adding  3*85  lbs.  of  dis- 
tilled water  to  each  lb.  of  acid,  the  mixture  will  have  accu- 
rately the  strength  directed  by  the  pharmacopoeia.  Some 
of  this  calculation  may  be  spared  by  considering  the  cyanide 
of  silver  to  be  equivalent  to  J-th  of  its  weight  of  real  prussic 
acid ;  the  quantity  per  cent,  in  the  supposed  example  should 
then  be  ^th  of  the  weight  of  cyanide  of  silver  obtained  from 
the  SOO  grs. ;  that  is  7*4  per  cent. ;  and  the  water  necessary 
to  bring  it  to  the  Dublin  standard  should  be  3.63  times  its 
weight.  The  error  introduced  by  this  simplification  is  not 
sensible,  being  but  0*00S  per  cent. 

The  strength  of  the  prussic  acid  directed  by  the  British 
Pharmacopoeias  differs  very  much ;  that  prescribed  by  the 
London  College  contains  about  2  per  cent  of  real  acid ;  that 
of  the  Edinburgh  College  contains  about  4  per  cent. ;  whilst 
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the  Dublin  strength  is  but  1*5  or  1-6  of  real  acid  per  cent. 
This  should  be  carefully  attended  to  in  practice. 

A  method  has  been  proposed  for  determining  the  value  of 
prussic  acid^  by  digesting  it  on  a  known  quantity  of  red 
oxide  of  mercury ;  when  the  prussic  acid  has  saturated  itself 
with  the  oxide,  what  remains  is  to  be  washed,  dried,  and 
weighed.  Now  as  116*4  of  oxide  of  mercury  is  converted 
into  cyanide  by  27*1  of  prussic  acid,  which  proportion  is 
nearly  4  to  1,  the  quantity  of  prussic  acid  is  pretty  cor- 
rectly one-fourth  of  the  weight  of  the  oxide  of  mercury  dis- 
solved- But  as  cyanide  of  mercury  may  combine  with  an 
excess  of  oxide,  and  as  the  quantity  thus  liable  to  be  taken 
up  is  not  constant,  it  is  dangerous  to  rely  on  this  method 
for  medicinal  or  analytical  purposes. 

The  detection  of  prussic  acid  is  very  simple.  1st.  Its  solu- 
tion gives,  with  nitrate  of  silver,  a  white  precipitate,  cyanide 
of  silver,  insoluble  in  strong  nitric  acid,  when  cold,  but  dis- 
solved by  boiling ;  it  is  soluble  in  ammonia.  If  a  liquor,  con- 
taining even  a  very  small  trace  of  prussic  acid  be  boiled,  the 
vapour  produces  a  white  cloud  on  a  piece  of  glass  moistened 
with  solution  of  nitrate  of  silver.  2nd.  If  a  solution  of  sul- 
phate of  iron  be  added  to  prussic  acid,  there  is  no  change, 
but  on  adding  some  potash  liquor,  a  dirty  greenish  precipi- 
tate is  produced,  from  which  muriatic  acid  dissolves  out  the 
excess  of  oxide  of  iron,  and  leaves  Prussian  blue  (cyanide  of 
iron)  of  a  very  rich  colour :  it  is  essential  to  the  proper 
action  of  this  test,  that  both  protoxide  and  peroxide  of  iron 
be  present  in  the  solution.  3rd.  If  a  solution  of  sulphate  of 
copper  be  added  to  the  liquor  containing  prussic  acid,  and 
then  treated  successively  with  potash  and  muriatic  acid,  as 
above,  a  white  precipitate  remains  undissolved,  which  is 
cyanide  of  copper.  The  theory  of  these  last  actions  is,  that 
the  prussic  acid  is  too  weak  to  decompose,  by  itself,  either 
metallic  sulphates,  but  on  the  addition  of  potash,  double  de* 
composition  occurs,  sulphate  of  potash,  and  a  metallic  cy- 
anide being  formed.  As  the  potash  is  always  added  in 
excess,  a  quantity  of  metallic  oxide  is  at  the  same  time  pre- 
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cipitated,  which  masks  the  colour  of  the  result^  but  is  re- 
moved by  the  addition  of  the  muriatic  acid.  4th.  These 
insoluble  cyanides  may  be  recognized  very  elegantly  by 
heating  them  with  a  little  potash  and  sulphur,  and  dissolving 
the  fused  mass  in  water.  The  solution  gives,  with  a  persalt 
of  iron,  a  fine  blood-red  colour.  5  th.  The  cyanide  of  silver, 
also,  is  known  by  giving  off  cyanogen  when  heated. 

There  are  two  chloridea  of  cyanogen  of  the  same  com- 
position, and  bearing  to  each  other  the  same  relation  as  the 
cyanic  and  cyanuric  acids.  Oue  is  gaseous,  the  other  solid; 
the  first  is  prepared  by  acting  on  moist  cyanide  of  mercury 
by  chlorine,  or  by  passing  chlorine  into  weak  prussic  acid, 
and  warming  the  mixture  in  which  the  chloride  of  cyanogen 
dissolves.  This  gas,  which  is  very  irritating  and  poisonous, 
may  be  obtained  crystallized  in  needles  by  exposure  to  a 
very  low  temperature.  It  combines  with  ammonia,  forming  a 
crystalline  substance. 

The  solid  chloride  may  be  prepared  by  acting  on  an- 
hydrous prussic  acid  with  chlorine,  or  by  heating  sulphocy- 
anide  of  potassium  in  a  current  of  chlorine.  It  sublimes  in 
white  transparent  needles.  It  dissolves  unaltered  in  alcohol 
and  ether,  and  is  decomposed  by  hot  water  into  hydrochlo- 
ric and  cyanuric  acids. 

Iodide  of  cyanogen  is  prepared  by  distilling,  in  a  retort,  a 
mixture  of  iodine,  cyanide  of  mercury  and  water.  At  a  mo- 
derate heat,  the  iodide  of  cyanogen  passes  over  and  condenses 
in  the  neck  of  the  retort,  as  a  flocculent  mass  of  snow-white 
needles.  These  crystals  irritate  the  eyes;  they  dissolve  in 
water  unaltered,  and  volatilize  at  113°. 

SECTION  II. 

OF  THE  METALLIC  CYANIDES. 

Cyanide  of  Potassium.— K.Cy .  May  be  formed  by  the 
direct  union  of  its  elements,  or  by  adding  an  excess  of 
prussic  acid  to  a  solution  of  potash,  and  evaporating  rapidly 
without  the  access  of  air.   It  is  produced  also  whenever  car- 
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bonaceous  matter  is  calcined  in  contact  with  potash,  provided 
nitrogen  be  present.  The  best  mode  of  obtaining  it,  how- 
ever,  is  to  expose  the  yellow  prussiate  of  potash  to  a  full  red 
heat  in  a  close  iron  crucible.  The  cyanide  of  iron  is  de- 
composed, nitrogen  being  given  off,  and  carburet  of  iron 
remaining  with  the  unaltered  cyanide  of  potassium.  The 
half-melted  mass  is  to  be  coarsely  powdered,  and  digested  in 
boiling  weak  spirit  of  wine,  from  which  the  salt  crystallizes 
in  cubes  on  cooling.  Spirit  of  sp.  gr.  0*900  at  60°,  is  remark- 
able for  dissolving  a  large  quantity  of  cyanide  of  potassium 
when  boiling,  but  depositing  it  nearly  totally  when  it  cools. 

This  salt  in  solution  reacts  alkaline,  and  smells  of  bitter 
almonds,  and  hence  probably  decomposes  water  when  dis- 
solved. Its  crystals  deliquesce  and  are  decomposed,  even 
in  close  vessels,  after  a  short  time,  by  contact  with  water,  into 
ammonia  and  formiate  of  potash. 

The  properties  of  the  cyanide  of  sodium  and  of  the 
hydro-cyanate  of  ammonia  are  quite  similar. 

The  Cyanides  of  Barium,  strontium,  calcium,  and  mag- 
nesium are  soluble  in  water  and  crystallizable. 

Cyanide  of  Zinc  is  prepared  by  adding  prussic  acid  to  a 
solution  of  acetate  of  zinc,  when  it  precipitates  as  a  white 
powder.  Chloride  of  zinc  is  not  decomposed  by  prussic  acid. 
With  cyanide  of  potassium  it  forms  a  double  salt 

Cyanide  of  Copper  is  formed  as  a  whitish  precipitate 
when  prussic  acid  and  potash  are  added  to  a  solution  of  sul- 
phate of  copper.  When  boiled  it  becomes  yellow,  and  com- 
bines with  the  oxide  of  copper  to  form  an  oxy cyanide  of  a 
lively  green  colour.  It  forms  double  salts  with  the  alkaline 
cyanides. 

Cyanide  of  Mercury.— Ug.Cj.  Eq.  1594-4  or  127-45. 
May  be  prepared  by  boiling  two  parts  of  prussian  blue  with 
one  of  red  oxide  of  mercury  and  eight  of  water,  until  the 
residue  becomes  red-brown.  The  filtered  liquor  yields  cya- 
nide of  mercury  in  crystals,  which,  however,  are  not  quite 
free  from  iron,  and  require  to  be  digested  with  a  little  more 
oxide  of  mercury  and  recrystallized.  The  best  mode  of  pre- 
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paring  it  is  to  distil  fifteen  parts  of  yellow  pnissiate  of  potash 
with  thirteen  of  oil  of  vitriol  and  100  of  water,  nearly  to  dry- 
nessy  and  to  digest  the  prussic  acid  so  obtained  with  twelve 
parts  of  finely  powdered  oxide  of  mercury,  until  this  is  com- 
pletely dissolved.  The  solution  yields  by  evaporation,  and 
cooling,  fourteen  parts  of  pure  crystallized  cyanide  of  mer- 
cury. By  washing  out  the  residue  in  the  retort  with  water, 
five  parts  of  pure  Prussian  blue  may  be  obtained. 

Cyanide  of  mercury  crystallizes  in  colourless  rectangular 
prisms,  as,  qq  in  the  figure,  terminated  by  nume- 
rous secondary  faces,  as,  ee.  These  crystals  are 
anhydrous  and  occasionally  opaque.  When  heated 
^^gJp/  it  is  resolved  into  mercury  and  cyanogen,  of  which 
a  portion  is  resolved  into  the  brown  powder  (pa- 
racyanogen).  It  is  sparingly  soluble  in  alcohol.  It  tastes  as 
the  other  mercurial  salts.  So  great  is  the  aflSnity  of  mercury 
to  cyanogen,  that  cyanide  of  potassium,  when  boUed  with 
oxide  of  mercury,  is  decomposed,  and  caustic  potash  libe- 
rated.  In  a  solution  of  cyanide  of  mercury,  no  test  indicates 
the  presence  of  the  metal  except  sulphuretted  hydrogen.  It 
is  not  decomposed  by  oxygen  acids,  but  muriatic  acid  forms 
prussic  acid  and  chloride  of  mercury. 

Cyanide  of  mercury,  when  digested  with  an  excess  of  ox- 
ide of  mercury,  combines  with  it  in  two  proportions,  forming 
the  oxy^yanides  of  mercury,  HgCy  +  HgO,  and  HgCy  + 
3HgO.  These  bodies  are  soluble  in  water,  and  crystallize  in 
prismatic  needles. 

With  iodide  of  potassium,  cyanide  of  mercury  combines, 
forming  a  substance,  2HgCy  +  K.I,  which  is  very  soluble 
in  boiUng  water,  and  crystallizes  in  brilliant  white  micaceous 
plates,  on  cooling.  This  salt  is  instantly  reddened  by  any 
mineral  acid,  which  liberates  iodide  of  mercury.  With  sul- 
phocyanide  of  potassium  a  similar  compound  is  formed 
«HgCy  +  K.CyS^ 

Cyanide  of  mercury  combines  with  the  alkaline  cyanides, 
and  with  the  alkaline  chlorides,  and  bromides,  forming 
double  salts,  possessing  no  special  interest.     It  combines 
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with  many  oxygen-salts  also^  as  the  chromate  and  formiate 
of  potash. 

As  prussic  acid  is  now  no  longer  prepared  from  cyanide 
of  mercury,  this  body  is  not  so  important  as  formerly.  It 
is  poisonous  and  is  occasionally  employed  in  medicine. 

Cyanide  of  Silver. — AgCy.  Is  a  white  powder  insoluble  in 
water,  which  combines  with  other  cyanides  to  form  double 
salts.  It  is  soluble  in  water  of  ammonia,  but  insoluble  in  nitric 
acid,  except  it  be  strong  and  boiling.  Heated  it  gives  cya- 
nogen and  metallic  silver. 

Cyanide  of  Palladium. — In  its  aflSnity  for  cyanogen,  pal- 
ladium resembles  mercury.  Every  soluble  salt  of  palladium 
is  decomposed  by  prussic  acid,  a  pale  yellow  precipitate 
being  formed.  This  cyanide  of  palladium  is  insoluble  in 
water,  but  soluble  in  acids,  and^n  ammonia.  Heated  it  gives 
cyanogen  and  leaves  the  metal.  It  forms  a  very  extensive 
class  of  double  salts. 

Cyanide  of  Gold. — AuCya.  Is  a  pale  yellow  powder,  form- 
ing double  salts  with  the  alkaline  cyanides. 

Protocyanide  of  Iron, — FeCy.  Is  not  known  in  an  iso- 
lated form,  but  it  enters  into  combination  with  the  other 
metallic  cyanides,  forming  double  salts,  which  are  some  of 
the  most  interesting  of  the  cyanogen  compounds.  The  iron 
in  these  salts  cannot  be  separated  by  an  alkali,  and  hence 
may  be  looked  upon  as  an  element  of  the  negative  consti- 
tuent; they  are  hence  often  termed  ferrocyanides,  or/e/ro- 
prussiaies  of  whatever  other  metal  they  may  contain. 

Ferrocyanide  of  Hydrogen.  ^-Ferrocyanic  Acid. — FeCy  + 
2.HCy.  When  the  ferrocyanide  of  lead  is  decomposed  by 
sulphuret  of  hydrogen,  a  solution  is  obtained,  which  yields, 
on  evaporation  in  vacuo,  small  granular  crystals,  which  have 
a  well  marked  acid  reaction,  and  produce,  by  acting  on  me- 
tallic oxides,  all  the  ordinary  ferrocyanides.  If  the  solution 
be  boiled,  it  is  resolved  into  prussic  acid  and  a  white  preci- 
pitate which  becomes  blue  in  the  air.  The  crystals  undergo 
the  same  change  spontaneously  after  some  time. 

Ferrocyanide  of  Potassium.— FeCy  +  2.KCy  +  3Aq.  Eq. 
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2656*9,  or  212*5.  This  compound,  of  which  I  have  often 
spoken  as  yeUoto  prmsiate  ofpotashy  is  prepared  on  the  large 
scale  for  the  purposes  of  the  arts,  and  of  pharmacy,  by  cal- 
cining together  some  animal  matters,  as  blood,  hoofs,  horns, 
&c.  with  pearlashes,  and  iron  filings.  It  may  be  formed  even 
if  the  organic  matter  do  not  contain  nitrogen,  as  that  ele- 
ment may  be  supplied  from  the  air.  The  operation  is  con- 
ducted in  large  iron  pots  arranged  in  a  furnace,  so  that  the 
mass  can  be  heated  to  duU  redness  and  continually  agitated 
las  it  forms  a  tenacious  paste,  the  calcining  of  which  is  con- 
tinued as  long  as  it  bums  with  a  white  flame ;  it  is  then  taken 
out  of  the  pot,  and  when  cold,  boiled  in  water,  which,  by 
evaporation,  yields  the  salt  in  crystals.  If  it  has  not  dis- 
solved iron  enough,  some  copperas  is  added  as  long  as  the 
Prussian  blue,  which  at  first  forms,  is  found  to  redissolve. 
After  what  has  been  said  of  the  formation  of  cyanogen 
(p.  851),  the  theory  of  this  process  may  easily  be  imder- 
stood. 

The  ferrocyanide  of  potassium  crystallizes  in  truncated 
octohedrons  with  a  rectangular  base,  e  e'  e,  as  in  the  figure, 

^ 7"^--^     ^  J     _    _    of  which  A  represents  the  usual 

y\     •     xj  K^^^^  simple,  and  b  a  more  compli- 
"--J—<-^tP^     ^^^~-J^     cated  form;  the  secondary  plane 
/>  often  being  so  large  as  to  render  the  crystal  merely  tabu- 
lar.    Its  colour  is  fine  citron-yellow,  but  when  dried  it  be- 
comes white.     By  a  further  heat,  in  close  vessels,  it  fuses, 
and  when  ignited  gives  ofi*  nitrogen,  and  leaves  cyanide  of 
potassium  and  carburet  of  iron.      Heated  in  open  vessels,  it 
absorbs  oxygen,  and  forms  cyanate  of  potash.     Its  use  in 
the  preparation  of  these  bodies    and  of  prussic  acid  has 
been  already  detailed.      If  it  be  digested  with  oxide  of  mer- 
cury, cyanide  of  mercury  is  formed,  and  oxide  of  iron  and 
caustic  potash  set  free.     With  sulphate  of  mercury  it  gives 
sulphate  of  potash,  cyanide  of  mercury,  and  Gveritt's  yellow 
salt. 

With  cyanide  of  mercury,  ferrocyanide  of  potassium 
forms  a  double  salt,  whose  formula  I  found  to  be  SHgCy  + 
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(FeCy  +2KCy)  +  4Aq.  It  crystallizes  in  pale  yellow  rhom- 
bic tables. 

In  the  arts,  the  ferrocyanide  of  potassium  is  of  impor- 
tance for  dyeing  various  shades  of  blue  ;  to  the  chemist  it  is 
specially  of  interest,  as  from  it  all  the  cyanogen  compounds 
are  most  economically  formed,  and  that  from  the  peculiar 
precipitates  it  gives  with  solutions  of  most  metals,  it  is  of 
eminent  service  in  their  detection.  Thus,  with  solutions  of 
silver,  mercury,  bismuth,  tin,  lead,  nickel,  zinc,  manganese 
and  cerium,  it  gives  white  precipitates ;  that  with  mercury 
gradually  becomes  blueish,  and  that  of  manganese  reddish. 
With  copper,  the  precipitate  is  of  a  rich  chocolate  colour  ; 
with  cobalt,  greenish,  changing  to  red ;  with  uranium  and 
molybdenum,  brown,  and  with  chrome,  greyish-green.  All 
these  precipitates  contain  cyanide  of  iron,  united  to  two 
atoms  of  cyanide  of  the  other  metal;  being  irne  ferrocyanides. 

It  is  on  solutions  of  iron  that  the  action  of  this  reagent  is 
the  most  remarkable.  With  solution  of  protosulphate  of 
iron,  a  whitish  precipitate  is  obtained,  which  consists  of  the 
cyanides  of  iron  and  potassium,  united  in  proportions, 
which  are  not  well  known.  Exposed  to  the  air  this  body  ab- 
sorbs oxygen  and  becomes  blue.  With  a  solution  of  sulphate 
of  iron  pure  Prussian  blue  is  precipitated.  This  substance 
is  insoluble  in  water  and  in  muriatic  acid,  and  gives  with 
caustic  alkalies,  oxide  of  iron,  and  ferrocyanide  of  potassium  ; 
its  formula  is  FcTCyg,  or  it  consists  of  S.FeCy +  2.Fe2Cya. 
Its  formation  involves  3(FeCy  +  3.KCy)  and  2(Fe203+3.S03), 
and  there  remain  dissolved  six  atoms  of  sulphate  of  potash. 
For  the  manufacture  of  Prussian  blue,  for  the  purposes  of 
the  arts,  the  impure  liquor  obtained  by  digesting  in  water 
the  calcined  mass  of  animal  matter,  potash  and  iron,  de- 
scribed (p.  866),  is  decomposed  by  an  excess  of  sulphate  of 
iron,  and  the  resulting  precipitate  digested  in  muriatic  acid, 
and  exposed  to  the  air,  until  it  assumes  its  proper  colour. 
It  is  then  dried  carefully  at  a  moderate  heat. 

Another  kind  of  Prussian  blue  is  produced,  when  Eve- 
ritt's  salt,  or  the  white  precipitate  produced  by  protosul- 
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phate  of  iron  with  yellow  prussiate  of  potash,  is  exposed 
moist  to  the  air.  It  is  termed  banc  Prussian  blue.  As 
Everitt's  salt  consists  of  SFeCy  +  KCy,  and  that  this  last 
dissolves  out,  there  is  the  same  number  of  atoms  of  cyanogen 
and  iron,  and  the  excess  of  iron  above  that  necessary  to 
form  true  Prussian  blue,  combines  with  ihe  oxygen  of  the  air ; 
the  oxide  so  formed  remaining  united  with  the  Prussian 
blue.  From  9FeCy  and  30,  there  is  thus  formed  (3FeCy  + 
2.Fe2Cy3  +  FegOa)  the  basic  compound. 

The  Jerrocyamdes  of  sodium,  bafiumg  &C.9  possess  all  the 
essential  characters  of  the  potassium  salt,  and  need  not  be 
further  noticed. 

The  ferrocyanides  in  many  cases  combine  with  each 
other,  forming  salts,  which  contain  three  different  metals 
combined  with  cyanogen. 

Sesquicyanide  of  Iron. — Fe^Cya.  Is  not  known  in  an  iso- 
lated form,  but  like  the  protocyanide,  enters  into  a  number 
of  combinations  with  the  other  metallic  cyanides,  which  may 
be  called  either  perferrocyatddes  or  ferridcyanides  as  pro- 
posed by  Liebig. 

Ferridcyanide  of  Potassium. — Red  Prussiate  of  Potash. 
Fe^Cya  +  S.KCy.  Is  formed  by  passing  chlorine  through  a 
solution  of  yellow  prussiate  of  potash,  until  it  ceases  to  give 
Prussian  blue  with  solution  of  persulphate  of  iron.  The 
liquor  becomes  of  a  deep-green  colour,  but  on  evaporation 
yields  anhydrous  fine  ruby-red  prismatic  crystals,  which  are 
generally  macles.  The  products  of  its  decomposition  by  heat 
are  the  same  as  those  of  the  yellow  salt.  It  dissolves  in 
thirty-eight  parts  of  cold  water;  its  solution,  if  pure,  is  yellow, 
but  more  commonly  is  green. 

This  salt  rivals  that  already  described  in  its  utility  as  a 
reagent  for  the  proper  metals.  The  precipitates  it  gives  with 
their  solutions  are,  tin,  white;  mercury  y  silver  and  zinc^  yellow; 
titanium,  nickel,  copper  and  bismuth,  yellowish  brown ;  and 
cobalt,  uranium  and  manganese,  brown.  It  is,  however,  with 
the  salts  of  iron  that  its  reaction  is  most  remarkable.  With 
a  persalt  of  iron  it  merely  colours  the  liquor  green,  but  with 
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a  solution  of  a  protosalt  it  gives  a  blue  precipitate,  even  richer 
in  colour  than  the  proper  Prussian  blue,  and  consisting  of 
FesCye,  or  of  Fe2Cy3  +  S.FeCy ;  thus,  containing  the  same 
protocyanide  with  half  as  much  sesquicyanide  as  exists  in 
common  Prussian  blue.  This  Ferridcyanide  of  iron  is  made 
for  commerce,  and  sold  as  TurnbuWs  Prussian  blue. 

Ferridcyanide  of  Hydrogen. — If  we  digest  ferridcyanide 
of  lead  with  dilute  sulphuric  acid,  a  red  liquor  is  obtained, 
wliich  yields  on  evaporation  a  mass  of  minute  brownish- 
yellow  needles,  the  formula  of  which  is  Fe2Cy3  +  3CyH. 
This  body  reddens  litmus,  and  has  a  sour  astringent  taste ; 
upon  another  theory  it  is  considered  to  be  a  compound  of  hy- 
drogen with  a  compound  radical,  (Fe2Cy6),  and  is  termed 
ferridcyanic  acid. 

In  the  history  of  these  complex  cyanides  we  meet  three 
facts,  on  which  the  theories  of  their  constitution  must  be 
founded.  1st.  The  extraordinary  tendency  to  double  combi- 
nation, which  no  other  body  possesses  in  the  same  degree. 
2nd.  That  in  almost  all  cases  the  cyanogen  enters  into  the 
compound,  in  the  proportion  of  three,  six  or  nine  atoms.  And 
3rd.  That  one  metallic  element,  as  iron,  in  each  compound,  is 
retained  with  extraordinary  force,  not  being  detected  therein 
by  its  ordinary  reagents.  The  original  view  proposed  by 
Berzelius,  of  considering  these  compounds  as  mere  double 
salts,  and  upon  which  the  formulae  given  hitherto  have  been 
constructed,  does  not  account  sufficiently  for  these  facts,  and 
I  hence  consider  it  as  less  applicable  to  them  than  the 
theories  suggested  by  Graham  and  by  Liebig. 

The  latter  chemist  founds  his  view  upon  the  third  fact, 
and  supposes  that  there  exists  a  series  of  compound  radicals, 
consisting  of  cyanogen  united  with  a  metal.  Thus,  ferrocy- 
anogen  (FeCya)  or  Cfy,  and  ferridcyanogen  (FejCye)  or 
Cfy2,  these  two  being  isomeric ;  cobaltocyanogen  (CojCy^  or 
Cky,  and  many  others;  and  these  radicals  combine  with 
hydrogen  to  form  polybasic  hydracids,  from  which,  the  hy- 
drogen being  replaced  by  a  metal,  result  the  ordinary  com- 
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plex  cyanides.  Thus,  the  ferrocyanogen  being  bibaaic,  iU 
acid  is  Cfy  +  2H ;  its  potash  salt  Cfy  +  2K ;  its  copper 
salt  Cfy  4-  2Cu ;  and  if  each  atom  of  hydrogen  be  replaced 
by  a  different  metal,  then  the  triple  salts,  formed  by  Mo- 
sander,  are  produced  :  thus,  the  salt  written  on  Berzelius* 
view,  as  (FeCy  +  2KCy)  +  (FeCy  +  2CaCy)  becomes  Cfy  + 
Ca.K.  and  similarly  there  is  Cfy  +  Ba.K.  &c. 

The  red  prussiate  of  potash,  Liebig  supposes  to  contain 
a  radical  (FesCye)  or  Cfy^  isomeric  with,  but  of  double  the 
atomic  weight  of  ferrocyanogen ;  this  ferriticyanogen  forms 
with  hydrogen  a  tribasic  acid,  Cfy^  +  H3,  by  replacement  of 
the  hydrogen,  in  which,  by  three  atoms  of  the  same  or  of 
different  metals,  the  various  ferridcyanides  are  produced,  as 
Cfy,  +  K3,  Cfy.2  +  3  Cu,  &c. 

The  Prussian  blues,  on  this  theory,  are  considered  to  be 
compounds  of  ferrocyanide  with  ferridcyanide  of  iron;  thus, 

3.Cfy.Fe2  +  Cfys^Fcs  expresses  common  Prussian  blue. 
Cfy2.Fe3  „       Turnbull's  Prussian  blue. 

S.Cfy.Fca  +  Cfyj.Fca  +  Fe^Oa  „  basic  Prussian  blue. 

This  theory  accounts  very  strictly  for  the  first  and  third  of 
the  fundamental  facts  which  I  described,  as  characterizing 
the  cyanogen  compounds.  The  theory  of  Graham  is  specially 
based  upon  the  tendency  of  three  atoms  of  cyanogen  to  en- 
ter together  into  combination  with  other  bodies,  as  is  shown 
not  only  in  its  relation  to  metals,  but  to  oxygen,  as  in  cy- 
anuric  acid,  and  hence  we  may  assume  that  cyanogen,  as 
Cya,  with  three  times  its  ordinary  atomic  weight,  forms  a 
distinct  radical  {paracyan  ?)  which  forms  with  oxygen  and 
with  hydrogen  tribasic  acids,  Cya.Oa  and  Cy^-Ha.  From  the 
replacement  of  more  or  less  of  this  hydrogen,  in  the  latter,  by 
equivalents  of  one  or  more  metal,  the  various  cyanides  may 
be  formed.    Thus,  for  example : 

Cy3  +  Fe.2K  .  •  .  yellow  prussiate  of  potash. 

Cya  +  Fe.R.Ca  .  .  ferroprussiate  of  lime  and  potash. 

Cya  +  Fe.2H  .  .  .  ferroprussic  acid. 

The  basis  of  the  red  prussiate  of  potash  should  be  then 
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another  polymeric  cyanogen,  Cye^  which  would  fomii  with 
hydrogen,  a  pentabasic  acid  Cye  +  H5,  in  which,  more  or 
less  of  replacement  by  metals  should  give  the  various  fer- 
ridcyanides.  Thus,  ferridprussic  acid  should  be  Cye  +  Fe2.H3, 
and  red  prussiate  of  potash  Cye  +  Fcs-Ks.  and  so  on; 
Turnbull's  Prussian  blue  becomes,  on  this  theory,  simply 
Cye  +  Fes  >  the  common  Prussian  blue  is  (Cya  +  Ffe^)  + 
Cy6«Fe5 ;  and  by  the  addition  of  Fe^Os  to  that  the  basic 
Prussian  blue  is  formed. 

I  am  rather  inclined  to  adopt  Graham's  view,  although 
in  the  present  state  of  our  knowledge,  we  have  not  grounds 
for  positive  decisioa  He  proposes  to  term  the  radical,  Cya, 
pmssine,  but  has  not  given  any  name  to  that  whose  for- 
mula is  Cye* 

Of  Sulphocyanogen  and  the  Products  of  its  Decomposition. 

If  yellow  prussiate  of  potash,  well  dried,  and  mixed  care- 
fully with  half  its  weight  of  sulphur,  in  fine  powder,  be 
heated  in  an  iron  vessel,  to  perfect  fusion,  which  takes  place 
at  a  dull  red  heat,  the  sulphur  combines  with  all  the  cyano- 
gen, forming  sulpho-cyanogen,  which  unites  with  the  po- 
tassium, whilst  the  iron  is  converted  into  sulphuret.  By 
digesting  the  fused  mass  in  water,  the  former  dissolves,  tad 
is  obtained,  by  evaporation  and  cooling,  in  long  striated 
prisms  similar  to  those  of  nitre.  If  the  temperature  be  not 
raised  too  high,  the  iron  forms  also  sulpho-cyanide,  which 
dissolves,  and  may  be  decomposed  by  the  addition  of  a  slight 
excess  of  carbonate  of  potash;  by  this  means,  one-half  more 
product  may  be  obtained  than  is  yielded  if  the  sulpho- 
cyanide  of  iron  be  too  violently  heated,  and  thereby  con- 
verted into  sulphuret. 

Sulphocyanogen  is  prepared  by  passing  a  current  of 
chlorine  gas  into  a  solution  of  the  salt  thus  formed,  or  by 
heating  it  in  dilute  nitric  acid  ;  chloride,  or  nitrate  of  potas- 
sium is  formed,  and  a  deep  yellow  precipitate  produced,  which 
contains  all  the  sulphur  and  cyanogen  of  the  salt ;  its  for- 
mula being  CySa.   It  is  very  light  and  insoluble  in  water.    It 
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combines  with  all  of  the  metals,  and  with  hydrogen,  forming 
well-defined  salts. 

Hydro-tulphoeyanic  Acid, — Cy.S^+H.  Isfonqedby 
decomposing^  sulpho-cyanide  of  lead  by  dilute  sulphuric 
acid  9  or  by  sulphuret  of  hydrogen.  It  is  a  colourless  liquid, 
which  reacts,  and  tastes  acid.  By  distillation  it  is  decom- 
posed. 

Stdpho-cyanide  of  Potassium. — Cy.Sa  +  K.  This  salt,  of 
which  the  mode  of  preparation  has  been  just  described, 
forms  anhydrous  prisms,  cool  and  pungent  in  taste;  it  is 
abundantly  soluble  in  water  and  alcohol,  and  slightly  deli- 
quescent. It  is  employed  in  the  laboratory  as  a  test  for 
peroxide  of  iron. 

Sulpho-cyanide  of  lead  is  a  crystalline  powder,  prepared 
by  mixing  solutions  of  a  salt  of  lead  and  of  sulpho-cyamde 
of  potassium. 

Of  the  sulpJuhcyanides  of  irony  the  proto-salt,  Fe  +  CySj 
forms  a  colourless  solution,  which  becomes  red  on  exposure 
to  the  air.  The  sesqui-salt,  Fe2  +  S.CyS^,  forms  a  deep 
blood-red  liquor,  when  a  soluble  sulpho-cyanide  is  mixed 
with  any  salt  of  the  peroxide  of  iron.  It  serves  thus  aa  a 
very  delicate  test  of  the  presence  of  iron,  and  also  for  that 
of  cyanogen ;  it  is  so  applied  to  the  detection  of  prussic  acid, 
as  noticed  p.  862. 

These  sulpho-cyanides  may  be  considered  either  as  dou- 
ble sulphurets  of  cyanogen  and  of  a  metal,  as  Cy.S  -f  S.K, 
&C.9  or  as  salts  of  the  compound  radical  sulpho-cyanogen, 
CyS2  -t-  K,  &c.  The  latter  view  has  been  almost  universally 
adopted  by  chemists. 

It  appears,  however,  from  the  researches  of  Famell, 
that  although  sulpho-cyanogen  really  exists  in  these  salts, 
yet  that  the  yellow  substance  extracted  from  them  by  chlo- 
rine, or  by  nitric  acid,  as  described  just  now  under  that 
name,  is  only  a  product  of  the  decomposition  of  the  real 
sulpho-cyanogen  which  has  not  been  as  yet  isolated.  The 
formula  of  the  yellow  powder  he  finds  to  be  SiaCwNgHaO. 
When  acted  on  by  alkalies,  or  by  nitric  acid,  it  produces  an 
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acid  which  he  terms  the  thiocyamcy  which  is  polybasic.  It 
is  a  pale  yellow  powder,  sparingly  soluble  in  water,  more  so 
in  alcohol.  Its  formula  is  Si2CioN5H602.  Its  compounds 
with  the  oxides  of  lead,  silver,  mercury,  &c.,  are  insoluble. 
This  new  acid  is  but  one  of  the  bodies  produced  in  this 
reaction;  the  others  have  not  been  examined. 

MeUon, — When  sulpho- cyanogen  is  heated,  it  is  decom- 
posed, yielding  sulphur,  sulphuret  of  carbon,  and  a  yellow 
powder  which  remains  as  fixed  residue,  and  to  which  Liebig 
has  given  the  name  of  mellan*  This  is  a  compound  radical, 
analogous  to  cyanogen  in  its  characters.  It  is  insoluble  in 
water,  alcohol,  or  dilute  acids.  Its  formula  is  C6N4  or  Ml,  and 
when  strongly  ignited  it  is  decomposed  into  three  volumes  of 
cyanogen  and  one  of  nitrogen.  Heated  with  potassium,  they 
unite  with  combustion,  and  if  it  be  fused  with  the  iodide,  or 
bromide  of  potassium,  iodine  or  bromine  is  expelled,  and 
mellonide  of  potassium  formed. 

Hydro-mellonic  Acid. — ^H.M1.  Is  formed  by  dissolving 
mellonide  of  potassium  in  boiling  water  and  adding  a  strong 
acid.  A  gelatinous  white  precipitate  forms,  which  dries  into 
a  yellowish  powder,  H.Ml.  +  Aq« 

Mellonide  of  Potassium. — R.M1.  Is  produced  by  adding 
mellon  to  sulpho-cyanide  of  potassium,  fused  in  a  porcelain 
capsule ;  sulphur  and  sulphuret  of  carbon  are  evolved.  On 
dissolving  the  brown  mass  thus  formed,  in  boiling  water,  the 
mellonide  of  potassiumc  rystallizes,  on  cooling,  in  fine  co- 
lourless needles. 

If  we  take  the  formula  of  sulphocyanogen  at  C2NS39  the 
formation  of  mellon  consists  in  4(C2NS2),  producing  2(CS2) 
with  4S,  and  leaving  C6N4 ;  but  on  Mr.  Parnell's  view  the 
decomposition  is  by  no  means  so  simple* 

When  mellon  is  boiled  with  strong  nitric  acid  it  dissolves, 
and  on  cooling,  the  liquor  yields  octohedral  crystals  of 
cyaniUc  add.  This  substance  has  the  same  formula  as  cy- 
anuric  acid,  Cy^Oz  +  3Aq ;  but  its  relations  to  bases  are  not 
well  understood.  Nitrate  of  ammonia  is  formed ;  mellon, 
CeN^,  and  three  atoms  of  water,  giving  CeNaOa  and  NH3. 


874  MELAJfflNB,  AMMELINE,  ETC. 

Melam. — C13H9N11.  Sulphocyanide  of  ammonium,  on  being 
heated,  is  decomposed  into  ammonia,  sulphuret  of  carbon, 
and  sulphuret  of  hydrogen  which  pass  off,  whilst  a  greyish- 
white  powder  remains,  which  is  melam.  The  same  result  is 
obtained,  by  heating  to  fusion  a  mixture  of  sulphocyanide 
of  potassium  and  sal-ammoniac;  in  this  case,  chloride  of  po- 
tassium also  remains  behind,  but  may  be  removed  by  wash* 
ing.  Melam  is  insoluble  in  water,  and  alcohol.  It  is  dissolved 
and  decomposed  by  boiling  acids  and  alkaline  solutions,  giv- 
ing origin  to  a  series  of  remarkable  bodies. 

Melamine CeHeNe.  Is  prepared  by  boiling  melam  with 

a  dilute  solution  of  caustic  potash,  until  the  liquor  becomes 
quite  clear ;  it  is  then  to  be  evaporated  until  it  begins  to  de- 
posit small  crystalline  plates,  and  being  then  allowed  to  cool, 
the  mellamine  crystallizes  out  in  colourless  octohedrons, 
scarcely  soluble  in.  cold  water.  It  has  no  action  on  vegetable 
colours,  but  it  combines  with  dilute  acids,  acting  as  a  base, 
and  forming  well  defined  salts,  which  have  an  acid  reaction, 
and  may  be  obtained  crystallized. 

Ammeline. — CeN^H^Os-  After  the  alkaline  solution  has 
deposited  the  melamine  by  cooling,  it  contains  ammeline, 
which  precipitates  when  acetic  acid  is  added.  This  is  to  be 
purified  by  solution  in  dilute  nitric  acid,  and  precipitation 
by  carbonate  of  ammonia.  It  then  forms  fine  silky  needles, 
insoluble  in  water  and  alcohoL  It  combines  with  the  dilute 
acids,  forming  crystallizable  salts. 

The  origin  of  these  bodies  consists  in  the  melam  decom- 
posing two  atoms  of  water,  and  then  CuHnNnOa,  producing 
CeHeN^y  and  C6N5H5O2.  By  boiling  melam  in  dilute  mu- 
riatic acid,  the  same  decomposition  occurs,  and  the  muriates 
of  melamine  and  ammeline  crystallize  together  on  cooling. 

If  any  of  the  above  three  bodies  be  dissolved  in  strong 
sulphuric  acid,  and  the  solution  be  precipitated  by  alcohol, 
a  white  powder  is  obtained,  insoluble  in  water  and  alcohol, 
but  soluble  in  strong  acids  and  alkalies.  It  is  nearly  indif- 
ferently acid  or  base,  as  it  combmes  with  nitric  acid,  and 
also  with  oxide  of  silver.     It  is  termed  ammelide.     Its  for- 
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inula  is  Ci2H7N904  +  2Aq.  When  this  body  is  boiled  for  a 
long  time  with  dilute  sulphuric  or  nitric  acid,  it  is  resolved 
into  ammonia  and  cyanuric  acid,  which  last  is  the  ultimate 
product  of  the  similar  treatment  of  all  the  bodies  of  this 
series. 

The  theoretical  constitution  of  these  bodies  remains  ex- 
ceedingly obscure.  The  bases,  melamine  and  ammeline,  are 
of  great  importance,  from  their  close  analogy  to  the  alkaloids, 
which  are  found  naturally  in  many  plants ;  but  still  we  have 
no  idea  of  the  mode  of  arrangement  of  their  elements- 
Some  other  sulphur  compounds  of  cyanogen  are  known, 
but  do  not  requirie  much  notice.  Cyanogen  and  sulphuretted 
hydrogen  combining,  form  orange  crystals,  insoluble  in 
water. 


CHAPTER  XX. 

OP  STARCH,  LIGNINE,  GUM  AND  SUGAR,  WITH  THE  PRO- 
DUCTS OF  THEIR  DECOMPOSITION  BY  ACIDS  AND 
ALKALIES. 

The  substances  now  to  be  described  form  a  very  remark- 
able class  of  organic  bodies.  They  are  found  abundantly  in 
most  plants,  but  varying  somewhat  in  characters,  according 
to  their  immediate  source,  and  are  subservient  to  the  most 
important  offices  of  the  vegetable  organization,  being  the 
materials  from  whence  the  tissues  and  secretions  of  the  plant 
are  elaborated.  In  a  chemical  point  of  view,  they  are  distin- 
guished  by  a  remarkable  similarity  of  composition,  all  con- 
taming  the  same  quantity  of  carbon  (twelve  atoms)  in  the 
equivalent,  united  to  oxygen  and  hydrogen,  which  are  al- 
ways  present  in  the  proportions  to  form  water.  In  this  may 
be  found  the  cause  of  the  extraordinary  transmutations  of 
these  bodies,  from  one  to  another,  by  the  mere  fixation  of 
the  elements  of  water,  effected  by  the  influence  of  reagents. 
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or  by  the  organic  power  of  the  plant.  In  these  bodies  also 
we  find  an  example  of  the  diflBculty  of  distinguishing  between 
a  constitution  derived  from  physical,  and  that  resulting  from 
▼ital  force.  In  the  different  kinds  of  sugar,  the  crystalline 
condition,  solubility,  &c.,  indicate  that  the  elements  are 
combined  by  forces  merely  chemical ;  but  in  the  different 
varieties  of  starch,  and  especially  in  lignine,  traces  of  orga- 
nised structure  are  found,  and  properties  manifested,  which 
attach  their  history  as  closely  to  the  physiology  as  to  the 
chemistry  of  plants.  Under  this  point  of  view  they  shall  be 
hereafter  reconsidered. 

Of  Starch— its  Varieties  and  Products. 

The  most  important  variety  of  this  principle  is  that  known 
as  common  starch.  It  exists  in  most  plants  and  in  all  parts 
of  them.  It  is  extracted  from  the  seeds  of  wheat  and  barley ; 
from  the  tubers  of  the  potato;  from  the  root  of  the  jatropha 
manihot,  as  tapioca  or  cassava,  and  of  the  maranta  arundi- 
nacea,as  arrow  root  /  and  from  the  stems  of  palms,  as  the  sagus 
rumphii,  which  furnishes  the  sago  of  commerce.  The  starch 
is  imbedde4  in  the  cellular  tissue  of  the  plant  as  small  white 
grains,  totally  destitute  of  any  crystalline  structure.  They 
differ  in  size  in  almost  every  plant.  Those  of  the  potato, 
which  are  the  largest,  do  not  exceed  in  diameter  ^^  of  an 
inch ;  those  of  arrow  root,  which  are  some  of  the  smallest, 
do  not  exceed  7^^.  In  form,  these  grains  vary  also,  some 
heing  globular,  others  ovoidal,  and  often,  even  in  the  same 
plant,  irregular.  Each  grain  is  forpfied  by  a  number  of  con- 
centric layers  which  increase  in  density  and  consistence  from 
the  centre ;  the  most  external  being  so  hard  as  to  resemble 
a  membranous  envelope,  filled  by  a  softer  material. 

The  grains  of  starch  are  quite  insoluble  in  cold  water ; 
in  boiling  water  they  dissolve,  except  the  outer  layers,  which, 
floating  in  the  liquor,  give  it  a  peculiar  opalescent  aspect.  On 
cooling  the  solution  gelatinizes,  if  the  solution  of  starch  be 
dried  at  a  gentle  heat,  and  then  digested  with  cold  water, 
the  outer  layers  of  the  grains  may  be  separated  by  filtration, 
and  a  colourless  transparent  solution  of  starch  thus  obtained. 
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The  preparation  of  starch  rests  on  its  insolubility  in  cold 
water.  The  texture  of  the  plant  is  first  broken  up  by  rasp- 
ing, or  coarse  grinding,  and  being  then  mashed  up  with 
water,  the  starch  grains  fall  out  from  the  ruptured  cells,  and 
are  carried  off  by  the  current,  from  which  they  deposit  them* 
selves,  when  the  liquors  are  left  at  rest.  In  obtaining  starch 
from  wheat,  this  liquor  b  allowed  to  ferment  and  become 
sour,  by  which  a  quantity  of  gluten  that  would  otherwise  at* 
tach  itself  to  the  starch  is  removed.  If  the  moist  starch 
grains  be  dried  at  a  temperature  of  about  140^,  they  gelati- 
nize to  a  semitransparent  mass,  which  remains  so  when  dried^ 
and  is  not  granular  or  mealy.  It  is  thus  that  the  peculiar  as- 
pect of  tapioca  and  sago  is  produced. 

By  the  vital  action  of  the  seed  in  germination,  the  trans- 
formation of  starch  into  sugar  is  effected,  and  constitutes  the 
saccharine  fermentation*  It  is  artificially  induced  by  mcdiing 
the  grain,  for  the  preparation  of  alcoholic  liquors  by  brewers 
and  distillers.  The  circumstances  of  this  change  will  be  spe- 
cially noticed  when  describing  the  mode  of  nutrition  and  of 
the  growth  of  plants. 

If  starch  be  heated  beyond  S40^,  it  softens  and  becomes 
brown.  If  the  heat  be  increased  until  the  mass  smokes,  it 
b  found  to  be  changed  into  a  substance  totally  soluble  iii 
cold  water,  and  known  as  British  gum. 

The  action  of  reagents  on  starch  is  very  remarkable. 
By  boiling  with  dilute  sulphuric  or  muriatic  acids,  a  kind  of 
saccharine  fermentation  is  induced,  it  being  changed  succes- 
sively into  gum,  sugar,  and  saccbulmine.  By  boiling  with 
nitric  acid,  it  gives  saccharic  and  oxalic  acids.  These  reac- 
tions will  be  hereafter  studied  in  detail.  A  solution  of  it  is 
precipitated  by  basic  acetate  of  lead  and  by  infusion  of  galls. 
With  bromine  it  gives  a  yellow  precipitate,  which  is  decom- 
posed by  heat,  the  bromine  being  expelled.  With  iodine  it 
produces  a  compound  of  an  intense  blue  colour,  which  is  its 
most  remarkable  property. 

Iodide  of  Starch  is  produced  when  a  solution  of  free 
iodine  is  added  to  a  solution  of  starch.  Its  colour  is  violet- 
blue  or  nearly  black,  according  to  the  proportion  of  starch. 
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It  is  very  soluble  in  water,  but  insoluble  in  alcohol,  and  may 
be  obtained  solid  by  adding  alcohol  to  a  very  strong  aqueous 
solution,  and  collecting  the  precipitate  on  a  filter.  It  is  de- 
composed by  alkalies  and  by  chlorine  ;  indeed  by  all  bodies 
which  combine  with  iodine ;  and  its  formation  serves,  there- 
fore, as  a  test  only  for  free  iodine,  as  described  in  p.  510. 
When  a  solution  of  iodide  of  starch  is  heated,  it  becomes 
quite  colourless  below  200^,  and,  if  it  be  not  boiled,  regains 
its  colour  perfectly  as  it  cools.  When  the  liquor  remains 
colourless  after  cooling,  the  blue  may  be  restored  by  oxalic 
acid  or  by  chlorine,  which  expels  the  iodine  from  the  combi- 
nation it  had  formed. 

The  composition  of  starch,  no  matter  what  plant  it  may 
be  derived  from,  is  Ci^HioOio,  as  confirmed  by  a  variety  of 
reactions.  Its  combination  with  oxide  of  lead,  amylate  of 
lead,  is  CmHioOio  +  2PbO. 

Inulin. — ^This  kind  of  starch  is  found  in  the  roots  of  the 
inula,  dahlia,  angelica,  leontodon,  and  many  other  plants. 
It  may  be  prepared  in  the  same  way  as  common  starch.  It 
is  a  white  and  very  fine  powder,  almost  insoluble  in  cold 
water,  but  easily  dissolved  by  boiling  water ;  forming  a  liquor 
which  becomes  thick,  but  not  gelatinous,  when  it  cools,  and 
deposits  the  greater  part  of  the  inulin  unchanged.  It  is 
transformed  by  acids,  like  common  starch,  but  more  easily. 
It  b  precipitated  like  it,  by  solutions  of  borax  and  subacetate 
of  lead,  and  by  infusion  of  galls.  It  is  peculiarly  distinguished 
from  it  by  not  giving  with  iodine  any  blue  colour,  being 
merely  tinged  yellow.  The  structure  of  the  grains  of  inufin 
has  not  been  accurately  examined.  Its  formula  is  Ci^HioOio, 
like  that  of  common  starch,  but  in  combining  with  oxide  of 
lead  it  appears  to  lose  one  atom  of  water  and  to  become 
C13H9O9,  as  remarked  by  Parnell. 

Lichemne. — This  variety  of  starch,  which  is  found  in 
many  lichens,  especially  the  iceland  moss,  and  the  carrigeen, 
(sphoerococcus  crispus)  is  not  contained  in  the  plant  in  grains, 
but  in  a  soluble  condition.  To  obtain  it,  the  lichen  is  first 
digested  in  a  cold  dilute  solution  of  carbonate  of  soda,  to 
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dissolve  the  bitter  resinous  principle,  and  this  being  com- 
pletely washed  away,  the  lichen  is  boiled  for  a  long  time  in 
water;  a  liquor  is  obtained  from  which,  on  cooling,  the  liche- 
nine  separates  as  an  opaque  grey  jelly,  which,  when  dried, 
is  black,  hard,  and  glassy.  Its  properties  are  very  similar 
to  those  of  inuline.  It  gives  with  iodifte  a  greenish-brown 
colour.  Its  composition  is  expressed  by  the  same  formula 
as  the  others,  CuHioOio. 

Of  Lignine. — Principle  of  woody  Fibre. 

When  any  kind  of  wood  is  treated  successively,  and  re- 
peatedly, by  dilute  acids  and  alkalies,  by  water  and  by  alcohol, 
so  that  every  soluble  material  is  removed  from  it,  we  find 
that  the  substance  which  remains  is  of  very  constant  compo- 
sition, being  expressed  by  the  formula  CuHgOg.  Of  this 
substance,  ligninCi  the  proper  wood  of  the  plant  is  consti- 
tuted ;  its  molecules  being  arranged  so  as  to  form  the  tubes 
and  cells  of  the  vegetable  tissues,  and  cohering  so  firmly  as 
to  produce  the  fibres  of  flax,  cotton,  and  hemp,  which  con- 
stitute the  materials  of  our  most  important  woven  textures, 
of  paper,  &c.  Although  the  lignine  is  thus  rather  the  re- 
mains of  an  organized  body  than  a  mere  chemical  substance, 
it  forms  some  combinations  which  are  of  great  importance  in 
the  arts.  Thus  if  linen  or  cotton  cloth  be  dipped  in  dilute 
solution  of  acetate  of  alumina,  the  earth  abandons  the  acid 
to  combine  with  the  lignine,  and  thus  serves  as  the  means  of 
fixing  on  the  cloth  the  various  colouring  matters  used  in  the 
processes  of  dyeing.  The  same  occurs  with  oxide  of  iron ; 
and  other  metallic  oxides  have  a  similar  though  weaker  affi- 
nity for  lignine,  and  thus  serve  as  mordants  for  various 
colours. 

Lignine  when  quite  pure  is  white  ;  the  bleaching  of  linen, 
cotton,  paper,  &c.,  being  effected  by  destroying,  by  means  of 
the  air,  or  of  chlorine,  the  resinous  and  other  matters  which 
are  associated  with  the  lignine  in  the  fibres  or  cells  of  the 
plants ;  the  lignine  itself  resists  these  agents  unless  appUed 
in  a  very  concentrated  form.    With  cold  nitric  acid,  lignine 
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combines  directly,  forining  a  very  remarkable  substance, 
xykadine^  which  may  be  produced  by  immersing  for  a  mo- 
ment a  piece  of  paper  in  strong  nitric  acid,  and  then  wash- 
ing it  well  in  pure  water.  It  assumes  the  feel  and  toughness 
of  parchment,  and  is  so  combustible,  as  to  serve  for  tinder. 
Hot  nitric  acid  converts  lignine  into  oxalic  acid ;  with  sul- 
phuric acid  it  is  changed  into  gum,  and  ultimately  into  sugar, 
as  will  be  detailed  further  on. 

If  sawdust  be  heated  with  a  warm  solution  of  potash  for 
some  hours,  the  liquor  will  be  found  to  contain  a  considera- 
ble quantity  of  common  starch,  capable  of  striking  a  blue 
colour  with  iodine;  but  by  this  means,  the  ligneous  fibre  is  dis- 
sected, and  not  decomposed.  The  starch  may  be  extracted 
also  by  mechanical  means,  and  pure  lignine  does  not  yield 
any.  If  lignine  be  strongly  heated  with  hydrate  of  potash, 
hydrogen  is  evolved  and  a  mixture  of  acetate  and  oxalate  of 
potash  results ;  CiaHsOs  and  4.H0,  giving  6.H,  with  2(C203) 
and  2(C4H303). 

In  dry  air,  or  immersed  under  water  free  from  air,  lignine 
remains  for  an  indefinite  length  of  time  unaltered ;  but  if 
both  ur  and  water  have  access,  oxygen  is  absorbed  and  car- 
bonic acid  and  water  given  out,  and  a  series  of  products  of 
decomposition  result,  which  form  the  basis  of  vegetable  soil, 
and  thus  serve  as  the  materials  for  a  new  generation  of 
plants.  By  the  conjoint  action  of  heat  and  water  lignine 
produces  another  class  of  products,  and  a  third  series  arises 
from  the  destructive  distillation  of  dry  wood.  These  sub- 
jects will  be  examined  specially  in  their  proper  place. 

Of  the  different  Varieties  of  Gum. 

It  is  necessary  to  distinguish  three  varieties  of  gum,  to 
which  the  names  of  arabine,  cerasine,  and  dextrine  may 
be  given.  The  two  first  are  natural,  the  last  is  a  product  of 
the  transmutation  of  starch. 

Arabine  is  found  in  the  juices  of  many  species  of  acacia 
and  prunus;  it  exudes  from  crevices  in  the  bark  and  forms 
lumps,  in  which  state  it  is  found  in  commerce,  {gwn  arable 
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and  gum  Senegal).  The  roots  of  mallow^  comfrey,  and  many 
other  plants  contain  a  great  deal  of  arabine.  It  is  never 
crystalline,  and  is  colourless  and  transparent,  with  a  vitreous 
fracture.  It  is  dissolved  by  water  in  all  proportions,  forming 
a  thick  adhesive  liquid  {mucilage).  It  is  not  dissolved  by 
alcohol  which  precipitates  its  watery  solution..  It  combines 
with  base^  forming  well  defined  insoluble  compounds,  and  is 
not  in  any  way  acted  on  by  iodine.  A  solution  of  arabine 
exercises  sinistral  rotatory  power  on  a  ray  of  polarized  light 
(p.  58).  By  contact  with  sulphuric  acid,  arabine  is  gradu- 
ally converted  into  dextrine,  and  if  the  digestion  be  continued, 
this  then  changes  into  sugar.  With  nitric  acid  arabine  gives 
mucic  acid,  and  afterwards  oxalic  acid ;  another  charac- 
teristic property  of  it  is,  that  of  giving  a  precipitate  with  so- 
lution of  silicate  of  potash  (soluble  glass,  p.  719).  Its  com- 
position is  expressed  by  the  formula  CisHnOn. 

Tragacanthine  or  Vegetable  Mucus,  exists  in  cherry-tree 
gum,  mixed  with  arabine,  but  is  purer  in  gum  tragacanth,  in 
flax-seed,  and  in  quinceseed.  It  is  extracted  by  digestion  in 
water,  when  it  gradually  swells  up  and  appears  rather  to  im- 
bibe the  water  than  to  dissolve  ;  a  thick  tenacious  liquor  is 
obtained,  which  is  precipitated  by  alcohol  and  by  solution 
of  basic  acetate  of  lead,  but  not  by  silicate  of  potash.  With 
sulphuric  and  nitric  acid,  the  same  products  are  formed  as 
from  arabine. 

The  Salep  of  commerce  is  the  tragacanthine  extracted 
from  the  roots  of  various  species  of  orchis,-  and  dried. 

Dextrine. — ^This  variety  of  g^m  is  formed  from  the  starch 
of  the  seed,  in  germination,  and  may  be  obtained  by  digesting 
starch  in  dilute  sulphuric  acid.  If  five  parts  of  starch,  with 
one  of  oil  of  vitriol  and  fifteen  of  water,  be  kept  at  200**  for 
some  time,  the  starch  completely  disappears,  the  solution 
loses  its  power  of  gelatinizing ;  it  acquires  the  character- 
istic rotatory  power  o{  dextrine,  and  colours  iodine  of  a  port 
wine  red,  without  any  tinge  of  blue.  If  the  liquor  be  neu- 
tralized by  carbonate  of  bary tes,  the  whole  quantity  of  sul- 
phuric acid  separates,  and  by  evaporation,  the  dextrine  is 
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obtained  as  a  pale  yellow  mass  of  a  vitreous  fracture ;  it  is  not 
adhesive  like  common  gum,  nor  does  it  yield  any  mucic  acid 
when  acted  on  by  nitric  acid. 

Dextrine  precipitates  a  solution  of  basic  acetate  of  lead, 
but  is  not  affected  by  silicate  of  potash.  If  dextrine  be  boiled 
too  long  with  the  sulphuric  acid,  it  passes  into  a  substance, 
more  analogous  to  tragacanthine,  which  is  also  formed  when 
arabine  or  lignine  is  so  treated.  In  this  state  its  rotatory 
power  is  feeble,  and  it  is  not  at  all  coloured  by  iodine.  In 
both  these  forms  the  composition  of  dextrine  is  CisHioOio- 

Of  the  different  Varieties  of  Sugar. 

The  species  of  sugar  are  much  better  distinguished  from 
each  other,  both  by  properties  and  composition,  than  the 
various  kinds  of  starch,  or  of  gum,  have  been  found  to  be. 
They  are  all  characterized  by  being  capable  of  undergoing 
the  alcoholic  fermentation. 

Cane-sugar, — Ci^HioOio  +  Aq.,  when  crystallized.  This 
species  of  sugar  is  found  abundantly  in  the  juices  of  many 
plants.  It  is  extracted  for  use,  from  the  sugar-cane,  the 
maple,  and  the  beet-root.  The  juice,  when  fresh,  runs  into 
fermentation  with  great  quickness,  and  is  therefore  clarified  by 
being  warmed  to  ISO©,  with  a  little  lime,  by  which  the  vege- 
table albumen  is  coagulated,  and  the  fermentation  checked. 
The  juice  is  then  evaporated  with  as  little  heat  as  possible, 
and  allowed  to  cool  in  vessels,  at  the  bottom  of  which  a  num- 
ber of  small  apertures,  stopped  with  plugs,  are  situated.  The 
sirup  congeals  into  a  granular  mass,  and  when  it  is  quite  cold, 
the  apertures  below  are  opened,  and  the  liquid  portion  al- 
lowed to  run  out.  The  sugar  thus  obtained  in  fine  crystal- 
line grains,  is  brownish-coloured,  and  is  termed  muscovado 
or  raw  sugar.  The  liquid  uncrystallizable  portion  consti- 
tutes molasses  or  treacle.  To  obtain  the  sugar  pure  it  is  re- 
dissolved,  and  the  liquor  having  been  cautiously  evaporated 
(in  some  establishments,  in  vacuo^  see  p.  1S3)  to  the  neces- 
sary degree,  is  poured  into  cones  of  unglazed  earthenware, 
which  are  placed  on  their  summits,  the  orifice  in  which  is 
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stopped  by  a  plug.  When  by  cooling,  the  syrup  has  crys- 
tallized, during  which  the  mass  is  continually  stirred  about 
to  render  the  crystals  very  minute  and  close,  the  plug  below 
is  removed,  and  the  coloured  liquor  drains  out;  the  last  por- 
tions of  it  being  removed  by  laying  a  sponge,  moistened 
with  some  spirit,  or  with  a  clear  syrup,  on  the  sugar  at  the 
base  of  the  cone,  and  allowing  the  pure  liquid  to  filter 
through.  Thus  is  obtained  refined  or  loaf-sugar.  If  a 
strong  sirup  be  laid  aside  in  a  warm  place>  it  crystallizes  in 
very  beautiful  oblique  rhombs,  which  constitute  the  sugar-' 
candy  of  commerce. 

Cane-sugar  is  perfectly  colourless.  Its  sp.  gr.  is  1*6 ;  when 
heated,  it  fuses  at  350^  into  a  clear  yellow  liquid,  and  con- 
geals, on  cooling,  into  a  hard  brittle  mass  (barley- sugar), 
which,  after  some  weeks,  becomes  opaque,  white,  and  C17S- 
talline.  If  the  temperature  rises  to  630^,  water  is  given  off, 
and  the  sugar  becomes  dark  brown,  being  changed  into  cara" 
met;  more  strongly  heated,  it  is  totally  decomposed.  Sugar 
dissolves  in  one-third  of  its  weight  of  cold,  and  in  all  pro- 
portions in  boiling  water.  A  saturated  solution  becomes 
quite  solid  when  it  cools.  If  a  strong  solution  of  sugar  be 
kept  for  some  time  near  its  boiling  point,  it  is  gradually 
changed  into  uncrystallizable  sugar ;  hence  arises  the  most 
important  source  of  loss  in  the  manufacture  and  refining  of 
sugar.  It  is  sparingly  soluble  in  absolute  alcohol,  and  but 
moderately  in  weak  spirit. 

Sugar  combines  with  some  bases  and  salts,  acting  as  a 
feeble  acid ;  the  compound  with  oxide  of  lead  is  insoluble,  and 
has  the  formula  CiaH,oOio  +  2PbO  ;  that  with  barytes  is  crys- 
talline, its  formula  is  CijHioOio  +  BaO.  With  common  salt 
sugar  combines,  forming  crystals,  easily  soluble  in  water,  and 
consisting  of  C12H10O10  +  Na.Cl. 

The  action  of  acids  on  cane-sugar  is  very  remarkable. 
When  digested  with  very  dilute  sulphuric  or  muriatic  acid, 
it  ifi  converted  into  grape  sugar ;  but  with  stronger  acids,  it  is 
changed  into  two  brown  substances,  insoluble  in  water,  one 
of  them  soluble,  the  other  insoluble  in  alkaline  liquors.  The 
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former  is  termed  sacchulminej  the  latter^  sacchulmic  acid. 
These  bodies  are  formed  even  with  very  dilute  acids  if  the 
digestion  be  continued  for  a  long  time.  According  as  the  re- 
action proceeds,  the  sacchuhnine  separates  in  minute  brilliant 
brown  crystalline  plates,  mixed  wiih  a  dull  brown  powder, 
which  is  sacchulmic  acid.  They  are  separated  by  water  of 
ammonia,  which  dissolves  the  latter.  The  composition  of 
these  bodies  is  not  quite  definitely  established,  as  it  appears 
to  be  influenced  by  the  strength  of  the  acid  used  and  other 
circumstances.  The  best  grounded  idea  is  that  they  have 
both  the  same  composition,  C30H15O15 ;  being  isomeric  with 
ulmine.  If  in  this  reaction  the  atmospheric  air  have  access, 
oxygen  is  absorbed,  and  a  large  quantity  of  formic  acid  ge- 
nerated. 

The  preparation  of  oxalic  acid  by  means  of  nitric  acid  and 
sugar,  has  been  already  described  (p.  815).  If  dilute  acid  be 
used,  so  that  the  oxidation  may  not  be  forced  so  far,  a  liquor 
is  obtained  which  gives  with  carbonate  of  lime  a  neutral  so- 
lution. When  this  is  decomposed  by  acetate  of  lead,  a  white 
precipitate  is  thrown  down,  which  being  acted  on  by  sul- 
phuretted hydrogen,  the  acid  is  set  free,  and  may  be  ob- 
tained crystallized  by  evaporating  and  cooling  its  solution. 
This  is  termed  the  saccharic  acid.  It  gives  an  extensive 
series  of  salts,  being  a  pentabasic  acid.  Its  formula  is 
C13H5O11  -I-  5.  HO,  when  crystallized.  Its  potash  salt  is 
CwHiOu  +  K0.4HO.  Its  lead  salt  CwHsOn  +  5PbO,  The 
saccharate  of  lime  is  sparingly  soluble  in  water,  but  dissolves 
in  a  very  slight  excess  of  acid,  which  distinguishes  it  from  an 
oxalate.  An  ammoniacal  solution  of  saccharate  of  silver  is 
decomposed  by  heat;  metallic  silver  being  deposited  and 
forming  a  mirror-surface  on  the  interior  of  the  vessel. 

The  caramel  formed  by  heating  sugar  to  650*",  appears  as 
a  porous  shining,  jet  black  mass.  It  is  completely  soluble 
in  water,  and  free  from  any  empyreumatic  taste.  It  is  in- 
soluble in  alcohol;  it  combines  with  bases;  its  formula  is 
CiaHgOo.  The  sugar  in  forming  it,  therefore,  loses  the  ele- 
ments of  an  atom  of  water,  besides  its  water  of  crystalli- 
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zation.  By  heating  sugar  with  lime,  a  volatile  liquid  is 
obtained,  which  has  the  formula  CeHsO,  and  is  termed 
metacetane. 

Grape  Sugar — Glucose. — CjaHnOu +3Aq,  when  crystal- 
lized. This  kind  of  sugar  is  still  more  extensively  distributed 
in  nature  than  the  former.  It  gives  the  sweet  taste  to  fruits, 
and  forms  the  solid  part  of  honey.  It  is  produced  in  the 
animal  body  in  certain  forms  of  disease,  as  diabetes,  and  by 
the  transformation  of  starch  in  germination,  and  by  artificial 
processes.  In  consequence  of  this  variety  of  sources,  it  is 
better  to  term  it  glucose,  as  suggested  by  Diunas,  than  to 
use  a  name  indicating  any  one  special  origin. 

Glucose  may  be  obtained  from  raisins,  or  honey,  by  di- 
gestion first  with  cold  strong  alcohol,  to  remove  the  un- 
crystallizable  sugar,  and  then  expressing  the  residue,  which 
is  to  be  dissolved  in  water,  and  neutralized  by  chalk.  The 
liquor  so  obtained  may  be  clarified  by  white  of  egg,  and 
evaporated  to  crystallization. 

From  starch,  gum^  or  cane-sugar,  it  may  be  prepared  by 
the  action  of  sulphuric  acid,  as  follows :  one  part  of  potato- 
starch  is  to  be  boiled  with  four  parts  of  water,  and  3^  of  oil 
of  vitriol,  during  36  or  40  hours ;  the  water  which  evapo- 
rates being  replaced.  The  jelly  does  not  assume  any  con- 
sistence ;  the  liquor  remains  clear,  and  the  material  used  is 
found  completely  converted  into  sugar.  By  means  of  chalk, 
the  acid  is  removed,  and  the  solution  being  evaporated,  the 
sugar  crystallizes. 

If  starch  paste  be  moistened  with  an  infusion  of  pale  malt, 
it  is  rapidly  converted  into  dextrine,  and  thence  into  grape 
sugar.  This  occurs  from  the  catalytic  influence  of  a  princi- 
ple termed  iliaatasei  which  exists  in  the  malt,  and  the  for- 
mation of  which  shall  be  detailed  under  the  head  of  ger- 
mination. 

To  convert  lignine  into  sugar,  bits  of  paper  or  linen  are  to 
be  imbibed  with  their  own  weight  of  oil  of  vitriol,  until  they 
are  converted  into  an  uniform  viscid  mass,  taking  care  that  it 
shall  not  become  hot  ;  this  is  then  to  be  diluted,  and  the 
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liquor  boiled  for  some  time.  The  acid  being  then  removed 
by  chalk,  the  sugar  is  obtained  pure,  by  crystallization,  as 
in  the  former  case. 

Sugar  of  grapes  crystallizes  in  hard  colourless  tables,  or 
in  hemispherical  grains,  consisting  of  minute  needles  closely 
aggregated  together ;  its  specific  gravity  is  1*38 ;  it  is  much 
sweeter  than  cane  sugar,  and  less  soluble  in  water.  When 
heated  to  212^,  it  gives  off  two  atoms  of  water,  which  it  re- 
covers when  redissolved ;  but  by  a  stronger  heat  it  is  changed 
into  caramel.  It  is  soluble  in  twenty  parts  of  boiling  abso- 
lute alcohol,  and  separates  almost  totally  on  cooling,  in  gra- 
nular crystals,  which  contain  alcohol  combined.  It  combines 
with  bases,  forming  compounds  analogous  to  those  given  by 
cane  sugar. 

The  composition  of  crystallized  grape  sugar  is  C12H14O14, 
or  Ci^HiiO,,  +  SAq.  When  fused  at  212'',  it  becomes 
C12H19O12,  or  CiaHiiOii  +  Aq.  Its  compound  with  chloride 
of  sodium,  which  crystallizes  iu  fine  double  six-sided  py- 
ramids, consist  of  2(Ci2EIi20i2)  +  NaCl  4-  2Aq.  With  a  so- 
lution of  basic  acetate  of  lead  it  gives  a  white  precipitate,  the 
formula  of  which  is  Ci2H]iOii  4-  SPbO,  corresponding  to  the 
crystallized  sugar.  The  dry  grape  sugar  has  evidently  the 
same  composition  as  the  crystallized  cane  sugar. 

The  kinds  of  sugar  (glucose)  derived  from  these  different 
sources  are  not  so  really  identical  as  has  been  generally 
supposed,  since  they  are  found  to  act  difiTerently  upon  po- 
larized light.  Grape  sugar,  as  contained  in  the  grape  juice, 
or  in  the  juice  of  the  flowering  grasses,  rotates  the  plane  of 
polarization  to  the  left,  but  if  the  juice  be  evaporated,  and 
the  sugar  crystallized,  its  molecular  constitution  is  so  totally 
altered,  as  that  when  redissolved  it  gives  a  rotation  to  the 
right.  The  starch  sugar,  as  well  as  cane  sugar,  rotates  also 
to  the  right,  but  in  a  much  inferior  degree  to  the  starch 
gum,  which,  as  already  mentioned,  receives  its  name  of  dex- 
trine from  that  quality. 

As  lignine,  starch,  gum,  and  cane  sugar,  all  contain  the 
same  quantity  of  carbon  (Ck),  their  transformation  into  grape 
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sugar  consists  evidently  in  the  fixation  of  the  elements  of 
water;  thus  ligninci  Ci2Ha08  takes  4HO9  and  100 parts  of 
sawdust  have  been  found  to  give  115  of  sugar;  starch 
(C^HioOio)  takes  2H0,  and  100  parts  of  it  usually  yield 
106.  It  has  been  remarked^  that  a  certain  quantity  of  mait- 
niie  is  at  the  same  time  produced,  besides  sacchnlmine. 

Grape  sugar  yields,  when  treated  with  dilute  sulphuric 
acid,  the  same  brown  substances  as  cane  sugar ;  but  if  the 
sulphuric  acid  be  concentrated,  it  forms  with  the  elements 
of  the  sugar  a  peculiar  acid  termed  the  ttdpho-sctcckaric. 
Sugar  of  starch  or  grapes  is  to  be  fused  at  a  low  heat,  and  1| 
parts  of  oil  of  vitriol  then  well  mixed  with  it.  If  the  sugar  be 
pure  and  the  temperature  be  kept  low,  the  product  is  not 
coloured.  Its  constitution  is  not  rigidly  determined,  but  its 
lead  salt  consists  of  2(Ci2HnOn)  +  SO3  +  4PbO. 

In  acting  on  grape  sugar,  nitric  acid  gives  rise  to  the 
same  products,  oxalic  and  saccharic  acids,  as  cane  sugar ;  in- 
deed it  appears  probable,  that  hke  the  other  strong  acids  this 
also  first  changes  the  cane  sugar  into  glucose,  and  that  the 
saccharic  acid  is  really  derived  from  the  latter.  On  this 
view  its  formation  is  more  easily  explained,  for  as  the  dry 
glucose  is  C13H11O11  and  the  saccharic  acid  is  Ci2H50ii,  the 
oxygen  of  the  nitric  acid  simply  removes  six  atoms  of  the 
hydrogen  of  the  grape  sugar  and  the  elements  of  the  acid 
remain. 

By  contact,  even  with  the  strongest  bases,  cane  sugar  is 
but  slowly  altered,  and  hence  lime  may  be  employed  to  cla- 
rify the  vegetable  juices  which  contain  it ;  but  under  the 
same  circumstances  grape  sugar  is  rapidly  decomposed  and 
an  acid  formed,  which  is  termed  glucic  add.  It  is  very  so- 
luble in  water  and  does  not  crystallize ;  with  lime,  bary tes, 
and  lead,  it  forms  neutral  soluble  salts,  but  it  precipitates  a 
solution  of  basic  acetate  of  lead.  Its  taste  is  purely  acid,  and 
it  reddens  litmus.  Its  composition  is  CisHgOs,  and  it  is  iso- 
meric, therefore,  in  its  dry  state  with  lignine.  When  a  strong 
solution  of  caustic  potash  is  added  to  fused  grape  sugar  and 
boiled,  the  glucic  acid,  which  at  first  forms,  is  decomposed. 
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The  liquor  becomes  deep  brown,  and  yields,  on  the  addition 
of  muriatic  acid,  a  black  flocculent  precipitate  of  melame 
ticid.  The  formula  C24H]20io  has  been  assigned  to  it,  but 
its  nature  is  not  well  known. 

Lactine^  or  Sugar  of  Milk, — This  remarkable  substance, 
which  is  found  only  in  the  milk  of  the  mammalia/is  obtained 
by  evaporating  whey  to  a  pellicle  and  setting  it  aside  to  cool, 
when  the  sugar  crystallizes  in  small  square  prisms,  white, 
semitransparenty  hard  and  gritty  under  the  teeth.  The 
taste  of  the  crystals  is  but  slightly  sweet,  but  that  of  a  strong 
solution  is  much  more  so.  It  dissolves  very  slowly  in  water 
and  is  insoluble  in  alcohol. 

When  the  crystals  of  lactine  are  gradually  heated  to  270^, 
they  give  off  two  atoms  of  water ;  at  about  300^  they  fuse 
and  give  off  three  atoms  of  water  more.  The  composition  of 
the  dry  sugar  thus  obtained  is  C34H19O19,  and  of  the  crys- 
tals C34H19OU)  4-  5Aq.  By  mixing  solutions  of  sugar  of  milk, 
and  of  basic  acetate  of  lead,  a  white  precipitate  is  produced, 
the  formula  of  which  is  Ca4Hi90i9  +  5PbO. 

By  digestion  with  dilute  sulphuric  acid,  sugar  of  milk  is 
changed  into  grape  sugar,  and  then  produces  the  other  re- 
actions already  described.  With  alkalies  the  decomposition 
is  also  the  same  as  that  of  glucose,  but  the  action  of  nitric 
acid  on  lactine  differs  from  that  on  any  other  sugar,  as  the 
acid  formed  is  not  the  saccharic,  but  that  already  noticed  as 
obtained  from  native  gum,  the  mucic  acid. 

To  obtain  mucic  acid,  one  part  of  gum  or  lactine  is  to  be 
dissolved  in  four  parts  of  nitric  acid,  specific  gravity  1'4S, 
mixed  with  one  part  of  water.  Heat  is  to  be  applied  until 
all  effervescence  has  ceased,  and  the  mucic  acid  is  deposited 
on  cooling.  It  is  a  crystalline  powder,  gritty  under  the  teeth 
and  feebly  acid.  It  dissolves  in  six  parts  of  boiling  water, 
but  is  insoluble  in  alcohol.  Its  crystals  have  the  formula, 
CisHioOiey  being  formed  from  gum  by  the  simple  addition  of 
six  equivalents  of  oxygen.  This  formula  contains,  how- 
ever, 2  Aq.  as  it  b  a  bibasic  acid,  and  its  salts  consist  of 
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CiaHgOu  +  2.MO.     The  alkaline  mucates  are  soluble^  the 
earthy  and  metallic  salts  are  insoluble  in  water. 

When  miicie  acid  is  long  boiled  with  water,  its  acid  pro- 
perties become  much  stronger,  and  it  becomes  more  soluble 
in  water  and  soluble  in  alcohol ;  it  gradually  returns  from 
this  slate  to  its  ordinary  condition,  even  when  combined 
with  bases.  If  mucic  acid  be  distilled  at  a  high  temperature, 
water  and  carbonic  acid  are  evolved,  and  a  sublimate  forms 
in  brilliant  white  plates,  which  are  soluble  in  alcohol  and 
water;  C12H10O16  give  2CO2  and  6.HO,  besides  C10H4O6, 
which  is  the  formula  of  the  hydrated  pyromucic  acid.  This 
substance  fuses  at  270°,  and  is  volatile  at  290°  without  de- 
composition. Its  salts  contain  one  equivalent  of  base ;  those 
of  lead,  barytes,  and  silver  are  insoluble ;  those  of  the  alka« 
lies  are  very  soluble  in  water. 

With  this  acid  a  certain  quantity  of  chlorine  may  be  com- 
bined, forming  chloropyromucic  acid,  C10H3CI4O5,  which  is 
prepared  by  acting  with  chlorine  on  pyromucic  ether. 

Sugar  of  Mushrooms  is  deposited  in  rhombic  prisms  from 
the  watery  solution  of  the  alcoholic  extract  of  ergot  of  rye. 
They  are  insoluble  in  ether ;  they  give  oxalic  acid  by  nitric 
acid,  and  undergo  the  alcoholic  fermentation.  Their  compo- 
sition was  found  to  give  the  formula  C13H13O13,  but  little  is 
known  accurately  of  this  variety  of  sugar. 

Of  Mannite  and  Glycyrrhizzine. 

These  bodies  are  connected  so  closely  with  the  true 
sugars,  that,  although  wanting  in  the  characteristic  of  forming 
alcohol  by  fermentation,  they  may  be  best  described  here. 

Mannite. — CeHTOe*  Is  found  in  manna,  of  which  it  con- 
stitutes the  sweet  principle.  It  exudes  also  from  the  bark 
of  other  trees,  and  exists  in  most  mushrooms.  It  is  pro- 
duced by  the  decomposition  of  cane  sugar  in  certain  cases. 
To  obtain  it,  manna  is  digested  in  boiling  alcohol,  and  the 
liquor  filtered  whilst  very  hot ;  on  cooling,  the  mannite  is 
deposited  almost  totally,  and  may  be  purified  by  repeated 
crystallizations.    Its  taste  is  slightly  sweet ;  it  is  very  soluble 
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in  water,  and  it  crystallizes  in  brilliant  white  prisms  of  silky 
lustre.  When  heated  gently,  it  fiises  without  losing  weight. 
With  nitric  acid  it  gives  oxalic  and  saccharic  acids.  It  does 
not  appear  to  combine  with  bases. 

If  the  unclarified  juice  of  the  beet  or  carrot  root  be  kept 
at  a  temperature  of  100^  for  some  time,  a  tumultuous  decom- 
position sets  in,  which  is  termed  the  mucous  fermerUaiiw. 
All  the  sugar  disappears,  and  the  liquor  is  found  to  contain 
a  large  quantity  of  gum  and  of  mannite,  with  a  peculiar  acid, 
which  exists  naturally  in  all  the  animal  fluids,  but  especially 
in  milk,  and  is  termed  the  lactic  acid.  At  the  same  time 
carbonic  acid  gas  is  evolved  and  the  hquor  contains  ammonia. 
This  reaction  is  too  complex  to  be  expressed  in  formulae, 
but  it  may  be  noticed  that  one  equivalent  of  dry  cane  sugar 
contains  the  elements  of  two  equivalents  of  lactic  acid ;  whilst 
by  abstracting  two  atoms  of  oxygen  from  an  equivalent  of 
crystallized  grape  sugar,  the  constituents  of  two  atoms  of 
mannite  remain. 

Lactic  acid  is  most  easily  prepared  by  means  of  this  mu- 
cous fermentation,  but  may  be  also  obtained  abundantly  from 
sour  whey,  or  the  sour  waters  obtained  in  making  wheaten 
starch.  The  acid  liquor  is  to  be  neutralized  by  carbonate  of 
lead,  and  the  solution  of  lactate  of  lead  evaporated  until  it 
is  tolerably  concentrated.  It  is  then  to  be  decomposed  by 
sulphate  of  zinc,  and  the  precipitated  sulphate  of  lead  being 
removed  by  the  filter^  the  lactate  of  zinc  may  be  obtained  in 
large  crystals,  easily  rendered  quite  pure  by  re-solution  and 
crystallization.  A  solution  of  pure  lactate  of  zinc  being  de- 
composed by  water  of  barytes,  lactate  of  barytes  is  obtained, 
which,  with  sulphuric  acid,  gives  sulphate  of  barytes,  and 
the  pure  lactic  acid  dissolves.  The  solution  is  to  be  placed 
in  vacuo  over  sulphuric  acid  ;  it  gives  a  syrup-thick  liquor 
which  has  the  formula,  CeHgOe,  or  CeHjOs  +  Aq.,  as  it  con- 
tains an  atom  of  basic  water ;  it  tastes  strongly  acid.  When 
heated  to  480^,  it  gives  off  water  and  a  white  sublimate 
forms  in  brilliant  white  rhomboidal  plates,  which  is  paraUxctic 
acid.  It  is  purified  by  solution  in  boiling  alcohol,  from  which 
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it  crystallizes.  The  composition  of  this  body  is  C6H4O4 ;  it 
fuses  at  225^,  and  sublimes  at  450^ ;  it  tastes  very  slightly 
acid,  and  dissolves  but  very  slowly  in  water ;  the  solution 
gives,  when  evaporated,  only  the  syrupy  liquid  of  the  hy- 
drated  acid,  and  does  not  crystallize. 

The  lactic  acid  coagulates  albumen ;  it  mixes  with  milk 
when  cold,  but  coagulates  it  when  boiled.  It  forms  mono- 
basic salts,  in  which  its  formula  is  C6H5O5.  They  are  all 
soluble  in  water,  and  crystallize  but  imperfectly,  except  that 
of  zinc,  which  forms  brilliant  white  four-sided  prisms,  con- 
taining three  atoms  of  crystal-water.  The  protolaetiUe  of 
iran,  C6H6O5  4-  FeO  -f-  3Aq.  may  be  obtained  crystallized 
in  small  prisms  of  a  greenish-yellow  colour.  The  perlcustaie 
of  iron  dries  into  a  reddish^^transparent  mass  like  shell-lac. 
These  last  are  used  in  medicine. 

The  lactic  acid  will  be  again  noticed  as  a  constituent  of 
the  animal  system. 

Glffcyrrhyxine, — ^This  substance,  which  is  found  in  the  li« 
quorice  root,  and  in  some  other  sweet  woods,  is  obtained  by 
boiling  the  root  or  liquorice  in  water,  and  after  concentrating 
the  liquor  adding  thereto  sulphuric  acid.  A  white  precipitate 
containing  the  glycyrrhyzine  combined  with  sulphuric  acid 
and  albumen  is  formed.  This  is  to  be  washed  with  acid  water, 
and  then  with  pure  water,  and  to  be  dissolved  in  alcohol, 
which  leaves  the  albumen.  The  alcoholic  solution  is  to  be 
decomposed  by  carbonate  of  potash,  which  throws  down  the 
sulphuric  acid,  and  by  evaporating  the  filtered  liquor,  the 
sweet  principle  remains  pure,  as  a  yellow  transparent  mass. 

Its  most  remarkable  property  is  that  of  combining  very 
definitely  with  acids  and  bases,  and  with  several  neutral 
salts.  Almost  every  acid  precipitates  a  compound  from  a 
solution  of  glycerrhyzine.  It  expels  the  carbonic  acid  from  the 
carbonates  of  potash,  soda,  and  barytes,  combining  with 
the  base,  and  it  precipitates  the  solutions  of  most  of  the  ordi- 
nary metallic  salts.  Neither  the  pure  substance,  nor  any  of 
its  compounds,  have  been  accurately  analyzed. 


CHAPTER  XXL 

OP  THE  ALCOHOLIC  AND  ACETIC  FERMENTATIONS — OF 
ALCOHOL,  THE  ETHERS,  ALDEHTD,  ACETIC  ACID, 
AND  OTHER  BODIES  DERIVED  FROM  IT. 

An  aqueous  solution  of  pure  sugar  may  renudn  perfectly  un- 
altered for  any  length  of  tirne^  if  carefully  excluded  from  the 
air.  If  the  air  have  access,  it  is  gradually  decomposed,  be- 
coming brown  and  sour,  but  no  alcohol  is  generated.  If, 
however,  the  solution  of  sugar  be  brought  in  contact  with 
any  organic  substance  which  is  itself  in  the  act  of  slow  de- 
composition, then  the  particles  of  sugar  participate  in  the 
change  which  is  going  forward,  and  carbonic  acid  and 
alcohol  result. 

The  substance  which  is  specially  active  in  inducing  this 
kind  of  fermentation,  is  an  azotized  body  termed  yeast;  but  a 
number  of  animal  and  vegetable  substances  can  also  effect 
it.  Blood,  white  of  egg,  glue,  flesh,  if  they  have  begun  to 
putrefy,  are  capable  of  exciting  it ;  but  the  bodies  of  most 
practical  importance  in  that  respect  are,  vegetable  albumen 
and  gluten.  These  bodies  exist  in  all  fruits  and  seeds,  in 
greater  or  less  proportion,  but  they  differ  in  character,  ac- 
cording to  the  plants  they  are  derived  from,  nearly  in  the 
same  way  as  the  varieties  of  starch.  I  shall  here  only  notice 
them  as  derived  from  wheat  and  from  beans,  as  I  shall  have 
occasion  to  describe  some  other  forms  hereafter.  If,  wheaten 
flour  be  washed  with  water,  in  a  linen  bag,  the  starch 
passes  off,  and  a  tenacious  paste  remains,  which  consists  of 
albumen  and  gluten  mixed.  They  may  be  separated  by 
boiling  in  alcohol,  which  dissolves  the  latter,  and  leaves  the 
former  behind.  On  mixing  the  alcoholic  liquor  with  water, 
the  gluten  is  precipitated,  and  may  be  collected  and  dried. 

Vegetable  Gluten  so  obtained  is  pale  yellow,  and  forms, 
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when  softy  an  adhesive  mass,  very  extensive  and  elastic.  Its 
solution  in  alcohol  is  thick-fluid  when  concentrated  ;  insolu- 
ble in  ether,  it  dissolves  in  acetic  acid,  and  in  alkaline 
solutions.  It  combines  with  the  mineral  acids,  forming 
bodies  very  sparingly  soluble  in  water,  which  are  precipi- 
tated by  adding  the  acid  to  the  solution  of  gluten  in  acetic 
acid,  or  in  potash.  If  these  solutions  be  mixed  with  solutions 
of  earthy,  or  metallic  salts,  precipitates  are  formed,  which 
are  compounds  of  the  gluten  with  the  metallic  oxide. 

In  all  these  reactions,  the  gluten  is  accompanied  by  a 
slimy  material,  termed  mucin,  which  it  is  diflBcult  to  remove 
perfectly  from  the  gluten ;  it  is  best  effected  by  boiling  with 
water,  when  the  mucin  remains  dissolved.  Its  solution  is 
precipitated  by  sulphate  of  iron  and  infusion  of  galls,  but  not 
by  acetate  of  lead  or  corrosive  sublimate. 

Vegetable  cUbumen  remains  behind  after  the  rough  glu- 
ten has  been  boiled  in  alcohol.  It  is  destitute  of  elasticity 
when  softened,  and  dries  to  a  hard  white  mass ;  it  is  mode- 
rately soluble  in  water,  and  its  solution  is  coagulated  by 
heat;  it  dissolves  in  alkaline  liquors.  Its  solutions  are 
precipitated  by  acids,  except  the  phosphoric  and  acetic,  and 
by  all  earths  and  metallic  salts ;  these  precipitates  are  white 
or  coloured,  according  to  the  nature  of  the  metallic  oxide ; 
with  ferro-prussiate  of  potash,  and  with  infusion  of  galls, 
the  solution  of  vegetable  albumen  in  acetic  acid  gives  white 
precipitates. 

Legumin, — This  substance,  which  exists  in  i>eas  and 
beans,  possesses  properties  intermediate  to  those  of  the 
gluten  and  albumen  of  wheat.  When  powdered  peas  are 
diffused  through  water,  the  starch  settles  to  the  bottom,  but 
the  legumin  is  dissolved,  and  separates  by  evaporation,  on 
the  surface  of  the  liquor,  in  mucous  transparent  pellicles.  Its 
solution  is  not  coagulated  by  heat ;  it  is  insoluble  in  alcohol. 
It  dissolves  in  solutions  of  the  vegetable  acids,  and  is  pre- 
cipitated on  the  addition  of  a^iineral  acid.  It  dissolves  in 
alkalies,  and  gives,  with  the  earthy  and  metallic  salts,  com- 
pounds insoluble  in  water. 
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All  these  substances  differ  from  most  vegetable  bodies, 
in  containing  a  large  quantity  of  nitrogen,  and  in  the  latter 
case,  sulphur,  as  a  constituent.  They  leave  behind,  when 
burned,  an  ash  consisting  of  phosphates  of  lime,  magnesia, 
and  iron,  similar  to  the  ash  of  animal  substances.  Indeed 
an  almost  perfect  similarity  of  properties  exists  between 
these  bodies,  and  fibrine,  albumen,  and  casein  among  ani- 
mal products ;  in  the  case  of  casein  and  lupuline  probably 
amounting  to  identity.  In  contact  with  air  and  water,  these 
bodies  enter  spontaneously  into  decomposition,  evolving  car- 
bonic acid  and  ammonia,  and  forming  new  products,  and  in 
this  state  of  decomposition  they  superinduce  the  alcoholic 
fermentation  on  those  particles  of  sugar  which  lie  in  contact 
with  them.  Hence,  in  fruits,  the  sugar  may  lie  in  contact 
with  these  vegeto-animal  substances  without  any  change  oc- 
curring, as  long  as  the  investing  membrane  of  the  fruit-cells 
remains  perfect ;  but  if  the  fruit  be  crushed,  so  that  the  air 
have  access,  then  oxygen  is  absorbed,  the  vegeto-animalbody 
begins  to  putrefy,  and  the  sugar  is  soon  engaged  in  the  de- 
composition. It  is  remarkable,  that  the  necessity  for  oxygen 
is  at  the  commencement  of  the  decomposition  ;  when  the 
putrefaction  of  the  albumen,  or  gluten,  has  once  begun,  it 
extends  itself  throughout  its  whole  mass  without  requiring 
any  further  action  of  the  air. 

The  principles  of  the  conservation  of  vegetable  juices,  by 
inclosure  in  vessels  from  which  the  air  b  excluded,  can 
easily  be  understood  from  this,  as  well  as  the  utility  of  such 
agents  as  sulphurous  acid,  or  sulphite  of  potash,  which  ab- 
sorb any  traces  of  oxygen  that  may  be  present,  and  prevent 
it  from  acting  on  the  organic  substance. 

The  general  characters  of  these  natural  fetmenis  being 
thus  sketched,  it  is  necessary  to  add  the  important  facts  of 
the  history  of  arlificial  ferment,  or  ijfeast.  This  is  nothing 
more  than  the  decomposing  mass  of  vegetable  gluten,  or  al- 
bumen, produced  in  a  previous  fermentation.  If  the  yeast 
be  too  old,  that  is,  if  all  the  vegeto-animal  matters  be  already 
decomposed,  its  power  of  exciting  action  is  destroyed ;  it  is 
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also  destroyed  by  boilings  by  alcoholi  by  many  salts  and 
acids,  and  generally  by  all  tbose  means  which  give  to  the  al- 
bumen and  gluten  an  insoluble  form,  and  prevent  their  fur- 
ther putrefaction. 

When  a  solution  of  pure  sugar  is  fermented  by  contact 
with  a  certain  quantity  of  yeast,  this  last  is  found  to  be  very 
much  diminished  in  quantity,  and  to  have  totally  lost  its  ac- 
tivity. On  the  contrary,  if  in  place  of  pure  sugar,  grape  or 
currant  juice  or  an  infusion  of  malt  be  used,  the  quantity  of 
ferment  is  found  to  be  much  increased,  and  to  preserve  all 
its  power.  In  this  case  the  albumen  and  gluten  of  the  ve- 
getable juices  are  themselves  brought  into  the  same  train  of 
decomposition  as  the  added  portion  of  yeast,  and  thus  form 
a  new  and  larger  quantity  of  active  fermenting  material.  Thus, 
in  a  brewery,  the  quantity  of  yeast  continually  increases. 
If  yeast  be  examined  with  the  microscope,  it  is  found  to 
contain  a'  vast  number  of  minute  globular  bodies,  possibly 
animalcules,  which  derive  their  nutriment  from  it ;  but  re- 
cently some  very  unfounded  attempts  have  been  made  to 
connect  these  globules  essentially  with  the  process  of  fer- 
mentation, by  the  idea  that  in  the  process  of  nutrition  they 
absorbed  the  sugar,  and  that  the  products  of  fermentation 
were  excreted  subsequently  by  them.  But  this  is  shown  to 
be  absurd,  by  the  simple  fact,  that  the  weight  of  the  alcohol 
and  carbonic  acid  is  greater  than  the  weight  of  the  sugar. 

The  phenomena  of  the  alcoholic  fermentation  are  best 
-observed  on  the  clear  expressed  grape  juice,  kept  at  a  tem- 
perature between  70^  and  80^,  in  a  lightly-covered  vessel. 
Afler  a  few  hours,  a  slight  effervescence  is  observed,  and 
the  liquor  becomes  turbid,  as  if  pipe-clay  were  diffused 
through  it.  As  the  effervescence  increases,  the  liquor  be- 
comes  warmer,  and  the  precipitate  forms  flocculi,  on  which 
the  gas-bubbles  are  evolved,  being  thereby  carried  to  the 
surface  of  the  liquor,  and  falling  down  again  when  the  gas- 
bubbles  have  broken.  This  circulation  continues  until  the 
fermentation  has  ceased,  when  the  precipitate  collects  at  the 
bottom.   The  liquor  no  longer  tastes  sweet;  it  contains  no 
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sugar,  but  in  place  of  it,  an  equivalent  quantity  of  alcohol. 
An  infusion  of  malt  does  not  so  readily  ferment  as  the  grape 
juice,  unless  some  yeast  be  first  added.  In  its  spontaneous 
fermentation,  most  of  the  gum  and  sugar  which  it  contains, 
passes  into  the  mucous  fermentation,  whilst  hut  little  alcohol 
is  formed.  In  the  practical  manufacture  of  malt  drinks  and 
spirits,  therefore,  the  worts  are  always  set  to  ferment  by  the 
addition  of  a  suitable  quantity  of  the  yeast  formed  in  a  pre- 
ceding operation. 

Although  the  essential  character  of  sugar  is,  to  be  capable 
of  alcoholic  fermentation ;  yet  the  different  kinds  o  *  sugar 
enter  on  that  process  with  unequal  facility.  The  sugar  of 
nulk  requires  the  presence  of  a  very  active  ferment,  and  of 
an  acid,  by  the  influence  of  which  it  is  changed  into  sugar  of 
grapes.  Thus  milk  does  not  ferment  until  it  has  become 
clotted  and  sour;  the  casein  then  acts  as  yeast,  in  superin- 
ducing the  alcoholic  fermentation.  Indeed,  no  matter  what 
kind  of  sugar  is  employed  in  this  process,  it  is  changed  into 
grape  sugar  before  fermenting,  as  is  shown  by  the  action  of 
the  liquor  upon  polarized  light.  The  grape  sugar,  as  dried 
at  212%  contains  exactly  the  elements  of  two  atoms  of  alco- 
hol, and  four  of  carbonic  acid,  as  2(C4He09)  and  4.COs 
arise  from  CuHiaOia.  As  cane  sugar  takes  an  atom  of  water 
to  form  grape  sugar,  it  follows  that  cane  sugar  in  ferment- 
ing should  yield  more  than  its  own  weight  of  carbonic  acid 
and  alcohol,  and  it  has  been  ascertained  by  experiment  that 
100  parts  actually  give  104<,  whilst  by  theory,  105  should  be 
produced,  consisting  of  51*3  of  carbonic  acid  and  53*7  of 
alcohol.  This  coincidence  of  numbers  prove  that  these  bodies 
are  the  only  products.  The  influence  of  the  yeast  is,  there- 
fore, strictly  what  Berzelius  terms  catalytic,  but  its  action 
becomes  much  more  definitely  intelligible,  by  considering  it 
as  a  case  of  the  general  principle  expressed  by  Liebig,  that 
motion  (decomposition)  may  be  communicated  from  the  par- 
ticles of  one  body  (yeast)  to  those  of  another  (sugar)  by  vir- 
tue of  proximity,  as  described  more  fully  in  pp.  381,  385. 

As  further  details  of  the  circumstances  of  the  alcoholic 


RECTIFIED  SPIRIT — PROOF  SPIRIT.  897 

fermentation  should  vary  with  the  nature  of  the  liquor  to  be 
produced^  whether  it  be  for  immediate  drinking,  as  wine,  ale, 
or  porter,  or  for  distillation,  and  that  these  lead  to  purely 
technical  descriptions  of  the  arts  of  brewing,  &c.,  I  shall  not 
enter  on  them* 

Of  Alcohol  and  the  Ethers  derived  from  it. 

When  any  saccharine  liquor,  which  has  undergone  the 
alcoholic  fermentation  is  distilled  at  a  gentle  heat,  a  very 
volatile  liquid  passes  over,  which  by  successive  rectifications 
may  be  deprived  of  most  of  the  water  which  had  been  mixed 
with  it.  In  various  degrees  of  strength,  and  contaminated 
by  minute  traces  of  essential  oils,  characteristic  of  the  plants 
from  which  the  saccharine  liquor  had  been  obtained,  it  con- 
stitutes the  poiatO'Spiriif  brandy,  maU-whishey,  arrack j  ruin, 
&c.,  of  commerce.  In  a  still  stronger  form  it  constitutes  the 
spirit  of  wine,  or  rectified  spirit;  the  term  alcohol  being  ap- 
plied to  it  only  when  it  is  chemically  pure.  By  mere  distil- 
lation alcohol  cannot  be  freed  from  all  the  admixed  water ; 
for  which  it  exerts  a  strong  affinity.  When  its  specific  gra- 
vity is  reduced  to  0*813  at  60^,  in  which  state  it  still  con- 
tains 8*Sper  cent,  of  water,  or  exactly  half  an  equivalent,  its 
boiling  point  remains  constantly  at  172^,  and  it  distills  over 
unchanged.  In  the  form  of  proof  spirit  of  commerce  its  sp, 
gr.  is  about  0*920,  and  it  contains  4*8  per  cent,  of  absolute 
alcohol;  the  rectified  spirit  containing  about  83  per  cent., 
and  having  the  specific  gravity  0*839  at  60^  F. 

To  obtain  real  alcohol,  or  absolute  alcohol,  as  it  is  gene- 
rally termed,  rectified  spirit  is  to  be  distilled  at  a  moderate 
heat  from  some  substance  having  a  stronger  affinity  for 
water;  as  lime,  caustic  potash,  carbonate  of  potash,  or 
chloride  of  calcium.  Of  these  the  last  named  should  be  pre- 
ferred. The  water  of  the  spirit  combines  with  the  body  used 
and  forming  a  hydrate,  the  real  alcohol  distils  over.  The 
rectification  should  be  conducted  in  a  water  bath. 

A  singular  mode  of  concentrating  alcohc^l  is  founded  on 
the  fact  that  alcohol  does  not  moisten  the  animal  tissues  but 
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comigatesj  and  rather  abstracts  water  from  them.  Hence 
if  a  bladder  be  filled  with  spirit  of  sp.  gr.  0'820  containing 
90  per  cent,  of  alcohol ;  and  if  it  be  left  for  a  few  days  in  a 
warm  room,  the  spirit  will  be  found  to  have  its  sp.  gr.  re- 
duced to  0*800y  containing  97  per  cent,  of  real  alcohol.  The 
water  permeates  the  bladder,  and  evaporates  from  the  outer 
side,  but  as  the  alcohol  does  not  moisten  the  bladder,  it  can- 
not get  through,  and  consequently  remains  behind,  freed 
from  water. 

The  very  ingenious  way  of  obtaining  alcohol,  devised  by 
Graham,  by  evaporation  in  vacuo  with  quicklime,  has  been 
described  in  p.  137. 

Alcohol  thus  obtained  anhydrous,  has  a  sp.  gr.  of  0-7947 
at  60^ ;  it  boils  at  168^;  the  specific  gravity  of  its  vapour  is 
1601 ;  it  does  not  become  solid  even  in  the  most  intense 
cold ;  its  taste  is  burning  and  dry  upon  the  tongue,  owing  to 
it  abstracting  water  from  its  tissue.  It  is  highly  inflam- 
mable, burns  with  little  light ;  from  its  volatility,  if  some 
drops  of  it  are  poured  into  a  jar  of  oxygen  gas,  its  vapour 
forms  a  powerfully  explosive  mixture.  It  does  not  conduct 
electricity.  It  mixes  with  water  in  every  proportion,  con- 
tracts in  volume,  and  evolves  heat.  The  sp.  gr.  of  spirituous 
liquors  is,  therefore,  always  above  the  mean  sp.  gr.  of  the 
alcohol  and  water  they  contain.  The  greatest  condensation 
occurs  with  54  volumes  of  alcohol  and  50  of  water;  the  mix- 
ture occupies  only  100  volumes;  and  its  sp.  gr.  is  0*927, 
being  a  little  denser  than  proof  spirit. 

The  formula  of  alcohol  is  C4HoOa,  and  its  composition  is, 

4  equivalents  of  carbon  zi  24'3  •  •  .  52*66 
6  „  „  hydrogen  =  60...  12^ 
2      „        „        oxygen       =  16-0  .  .  .  3444 

The  equivalent  of  alcohol   =46-2  .   .  10000 

This  is  confirmed  by  the  products  of  its  decomposition, 
and  by  the  specific  gravity  of  its  vapour :  for, 
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4  Yob.  of  carbon  vapour  (843  X  4)  =  3372'0 
12    „      hydrogen  (688  x  12)  =    825-6 

2      „      oxygen  (1 1 02-6  X  2)  z=  2205-2 

Give  four  volumes  of  alcohol  vapour      6402*8 

Of  which  one  volume  weighs    .     •     •     1600*7 

It  will  be  shown,  however,  that  alcohol  consists  of  ether 
united  to  water,  and  that  its  formula  is  C4H5O  +  Aq.  Its 
vapour  is  then  formed  by  the  union  of 

J  volume  of  vapour  of  ether  =  1290-6  >  igoo.7 
i  volume  of  vapour  of  water  =    310*15 

The  uses  of  alcohol  in  chemistry  and  pharmacy  are  nu- 
merous and  important.  It  dissolves  the  caustic  alkalies  and 
most  deliquescent  salts,  combining  with  them  to  form  a/- 
coates,  which  resemble  very  remarkably  the  hydraies.  Thus 
if  dry  chloride  of  calcium  be  dissolved  in  alcohol,  the  alcoate 
crystallizes  by  cooling,  in  large  transparent  plates.  By  heat, 
these  are  decomposed,  and  also  by  contact  with  water,  which 
expels  the  alcohol,  and  takes  its  place.  The  permanent  and 
eiBorescent  salts  are  generally  insoluble  in  alcohol,  and  may 
be  even  precipitated  by  it  from  their  solution  in  water ;  the 
alcohol  seizing  on  the  water. 

An  important  pharmaceutic  use  of  alcohol  is  for  the  solu- 
tion of  the  resinous  principles  of  plants,  in  the  preparation 
of  tinctures  and  alcoholic  extracts.  The  strength  of  the 
alcohol  must  in  these  cases  be  regulated  by  the  nature  of  the 
substances  to  be  dissolved.  Sometimes  rectified  spirit,  at 
other  times  proof  spirit  being  more  effectual. 

The  manufacture  of  alcohol  is  itself  one  of  the  most  im- 
portant arts ;  it  is  the  basis  also  of  the  manufacture  of  vine- 
gar, of  the  making  of  resinous  varnishes,  and  various  other 
processes.  To  the  chemist  it  is  specially  of  interest  as  the 
type  of  a  very  interesting  group  of  organic  bodies,  and  yield- 
ing by  its  decomposition  a  very  numerous  series  of  products, 
which  are  of  great  importance  in  science,  in  pharmacy,  and 
in  the  arts. 
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When  alcohol  is  exposed  to  the  air  it  gradually  absorbs 
oxygen,  aldehyd  and  acetic  acid  being  formed.  Is  is  then 
said  to  undergo  the  acetous  fermetUation.  Under  the  influ- 
ence of  acids  it  loses  an  atom  of  water,  compounds  being 
formed  which  are  termed  ethers,  into  the  composition  of  which 
the  acid  employed  generally  enters. 

0/ Sulphuric  Ether.— Ether.— Oxide  of  Ethyle. 

This  substance  may  be  prepared  by  any  process  which 
deprives  alcohol  of  the  equivalent  of  water  which  it  contains. 
Thus,  if  potassium  be  placed  in  contact  with  absolute  alcohol, 
hydrogen  gas  is  evolved,  and  a  compound  of  ether  and  pot- 
ash crystallizes,  C4H5O  +  HO  and  K,  giving  C4H5O  +  KO 
and  free  H.  If  a  current  of  gaseous  fluoride  of  boron 
(p.  533)  be  passed  into  alcohol,  it  is  absorbed,  and  boracic 
acid  separates  in  crystals,  whilst  the  liquor  contains  ether ; 
here  also  the  water  of  the  alcohol  is  decomposed,  fluoric 
and  boracic  acids  being  produced  and  ether  liberated.  By 
distillation  with  chloride  of  zinc  also,  the  water  may  be  ab- 
stracted from  alcohol  and  ether  obtained  ;  but  the  affinity  of 
the  other  deliquescent  salts  is  not  sufficiently  intense  to  de- 
compose it 


It  is  by  the  action  of  sulphuric  acid  upoja  alcohol  that 
ether  is,  for  practical   purposes,  always  obtained.     Eqw 
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weights  of  rectified  spirit  and  of  oil  of  vitriol,  being  well 
mixed,  and  avoiding  any  considerable  rise  of  temperature,  are 
to  be  introduced  into  a  glass  globe,  to  which  heat  may  be 
applied  by  a  sand  bath,  as  represented  in  the  figure.     To 
this  may  be  attached  the  form  of  condenser  devised  by  Liebig 
for  the  distillation  of  very  volatile  liquids.     It  consists  of  a 
glass  tube,  three-fourths  or  one  inch  wide,  and  twenty-four 
or  thirty  inches  long,  dd,  to  which  is  attached  at  one  end  by 
a  good  cork,  a  narrower  tube  passing  to  the  globe,  and  to 
the  other  end  is  soldered  a  smaller  tube  bent  at  an  obtuse 
angle,  and  conducting  to  the  receiver  e.     The  tube  M,  fits 
water-tight  by  corks  into  a  tinned  cylinder  e,  the  proportions 
of  which  may  be  judged  from  the  figure ;  this  is  kept  full  of 
cold  water.  When  the  distillation  commences,  the  hot  vapours 
entering  the  condensing  tube  at  d,  give  out  their  latent  heat 
to  the  surrounding  water,  and  that  part  of  the  condenser 
would  soon  get  hot,  was  not  the  water  constantly  changed ; 
by  the  funnel  c,  a  stream  of  cold  water  flows  from  the  re- 
servoir t,  into  the  lower  part  of  the  tube  Cy  and  presses  up 
before  it  the  warm  and  lighter  water,  until  this  is  expelled 
by  the  tube  A,  when  it  is  collected  at  b.    The  supply  of 
cold  water  should  be  so  proportioned  to  the  supply  of  vapour, 
that,  flowing  away  at  /i,  it  should  not  be   sensibly  warm 
to  the  hand.    With  this  precaution,  most  volatile  liquids 
may  be  perfectly  condensed  even  in  the  midst  of  summer. 
The  mixture  of  acid  and  spirit  in  the  globe  being  brought  to 
a  temperature  of  about  260^  as  rapidly  as  possible,  it  begins 
to  boil,  and  the  ether  distilling  over,  accompanied  by  some 
water  and  unaltered  alcohol,  collects  in  the  receiver. 

Since  the  quantity  of  sulphuric  acid  continually  increases 
in  the  globe,  as  the  distillation  proceeds,  its  action  on  the  re- 
maining alcohol  changes ;  the  mixture  becomes  dark  coloured, 
an  oily  substance  distils  over,  (oil  of  wine),  and  the  quantity 
of  ether  formed  diminishes  rapidly.  Sulphurous  acid  and 
olefiant  gases  are  then  evolved,  and  finally  the  mixture  be- 
comes thick  and  black,  and  froths  up  very  much.  When  the 
object  is  only  the  preparation  of  ether,  these  reactions  may  be 
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prevented,  and  a  much  larger  product  obtained,  by  admitting 
to  the  globe  by  means  of  the  bent  funnel,  a  continual,  but 
minute  stream  of  rectified  spirit.  The  action  of  the  sul- 
phuric acid  is  thus  exercised  upon  successive  quantities  of 
spirit,  and  the  liberation  of  the  ether  continues  until  the 
acid  becomes  so  weak,  as  to  be  no  longer  able  to  decompose 
the  alcohol,  which  occurs  when  the  whole  quantity  of  recti- 
fied spirit  used,  is  about  twice  the  weight  of  the  oU  of  vitriol, 
which  is  then  reduced  to  the  strength  of  8O3  +  4Aq. 

Although  we  may  represent  the  results  of  this  reaction, 
by  considering  the  sulphuric  acid  to  take  water  directly  from 
the  alcohol,  and  set  the  ether  free,  such  is  by  no  means  really 
the  case ;  on  the  contrary,  when  the  alcohol  acts  on  the  oil 
of  vitriol,  the  water  of  both  is  disengaged,  and  the  sulphuric 
acid  and  ether  unite  to  form  tulphaie  of  ether ;  (C4H5O  +  Aq), 
and  SO3  +  Aq,  giving  C4H5O  +  SO3  and  2.Aq.  This  body, 
which  resembles  very  much  sulphate  of  ammonia  in  its  ten- 
dency to  combination,  unites  with  an  atom  of  oil  of  vitriol  to 
form  bisulphate  of  ether ^  or  as  it  is  generally  termed  sulpho^ 
frimc  acid.  The  two  atoms  of  sulphuric  acid  thus  engaged, 
change  very  much  in  properties,  forming  salts  with  barytea 
and  oside  of  lead,  which  are  very  soluble  in  water.  The 
two  equivalents  of  water,  which,  as  above  described,  are  set 
free,  dilute  the  remaining  sulphuric  acid  to  such  a  degree,  as 
that  it  cannot  decompose  more  alcohol ;  hence,  if  absolute 
alcohol  be  used,  3(C4H50  +  Aq.),wiUi  8(S03.HO)  produce, 
8(C4H»O.S03  +  HO.SO3)  and  2(S03  4-  4Aq.)  ;  one-fourth 
of  the  sulphuric  acid  remaining  over ;  if  a  weaker  alcohol  be 
used,  the  quantity  of  dilute  sulphuric  acid  formed  becomes 
proportionally  greater.  An  acid  which  already  contains  four 
atoms  of  water,  forms  no  sulphate  of  ether,  when  put  in  con- 
tact even  with  absolute  alcohol,  except  the  temperature  be 
very  high. 

The  ether  obtained  by  distilling  a  mixture  of  alcohol  and 
oil  of  vitriol,  results,  therefore,  not  from  the  water  being 
seized  on  by  the  oil  of  vitriol,  but  from  the  decomposition  of 
its  compound  with  sulphuric  acid,  the  sulphate  of  ether; 
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the  ether  being  a  base  not  much  superior  in  energy  to  water, 
is  expelled  by  it  in  turn  under  favourable  circumstances, 
especially  when  the  water  is  present  in  excess.  In  this  res- 
pect it  resembles,  as  Rose  has  remarked,  the  sesquioxides  of 
iron,  antimony  and  bismuth,  which  form  salts  with  sulphuric 
acid,  that  are  totally  decomposed  by  a  large  quantity  of 
water,  especially  if  their  solutions  be  boiled ;  the  acid  then 
combines  with  the  water,  and  the  metallic  oxide  precipitates. 
Before  deciding  on  this  view  of  the  production  of  ether,  it  is 
necessary  to  describe  some  collateral  phenomena. 

If  absolute  alcohol  and  strong  oil  of  vitriol  be  employed 
in  the  preparation  of  ether,  it  is  found  that  the  distilled  pro- 
duct consists  of  ether  and  water,  forming  two  distinct  layers 
in  virtue  of  their  different  specific  gravities ;  but  in  quantity 
identical  with  those  which  constitute  alcohol ;  100  parts  of 
the  mixed  liquids  consisting  of  19*5  water  and  79*5  ether, 
when  separated  from  a  quantity  of  alcohol  which  had  es- 
caped decomposition.  The  oil  of  vitriol  remains  in  the  re- 
tort in  its  original  state  of  concentration,  and  hence  might 
be  applied  to  etherify  an  infinite  quantity  of  absolute  alcohol, 
introduced  in  a  continuous  stream.  To  explain  this  very  re- 
markable result,  MitscherUch  advanced  that  the  action  of 
the  sulphuric  acid  on  the  alcohol  is  merely  catalytic*  that  it 
splits  it,  as  it  were,  into  ether  and  water,  and  these  pieces 
not  being  able  to  reunite,  come  over  in  vapour,  merely  mixed 
with  each  other ;  this  idea  is,  however,  quite  inadmissible, 
as  the  whole  quantity  of  ether  is  proved  to  be  united  with 
the  sulphuric  acid  in  the  first  place,  and  to  distil  over  only 
after  the  decomposition  of  the  compound  that  had  been  so 
formed.  The  observations  of  Liebigand  Rose  have  removed 
the  difficulty  which  this  simultaneous  evolution  of  water  and 
ether  presented  to  the  adoption  of  the  theory  which  sup- 
poses the  ether  to  be  expelled  from  its  combination  with  the 
sulphuric  acid,*  by  the  water.  In  fact,  it  is  only  at  a  parti- 
cular temperature  that  the  ether  and  water  come  over  in 
atomic  proportions,  and  this  then  results  from  the  identity 
of  the  boiling  points  of  the  solution  of  sulphovinic  acid  and 

3  N  2 


904  THEORY  OF  THE  FORMATION  OF  ETHER. 

of  the  dilute  sulpharic  acid.  Thus,  when  we  heat  together, 
sulphate  of  ether  (C4H5O  +  SO3)  and  the  dilute  sulphuric 
acid,  SO3  +  4Aq,  the  former  is  decomposed;  bihydrate 
of  sulphuric  acid,  SO3  +  2Aq.,  being  formed,  and  ether  set 
free ;  but  at  this  temperature  the  sulphuric  acid  begins  to 
abandon  its  second  atom  of  water,  which  then  distils  over 
with  the  ether.  If  we  conduct  the  distillation  Tery  slowly, 
and  retain  the  temperature  below  212^,  the  ether  comes  over, 
almost  perfectly  free  from  water ;  but  at  a  higher  temperature, 
the  ether,  when  liberated,  is  immediately  converted  into 
elastic  vapour,  which  bubbles  through  the  liquid,  like  a  gas, 
and  the  water  evaporates  in  the  space  thus  afforded,  as  it 
should  evaporate  in  a  current  of  air  forced  to  bubble  through 
the  liquid  in  the  same  way. 

The  production  of  ether  depends,  therefore,  upon  the 
facts,  that  when  alcohol  and  oil  of  vitriol  are  mixed,  sul- 
phate of  ether  is  formed  and  water  is  set  free ;  but  on  the 
application  of  heat,  this  action  is  inverted,  and  the  ether  is 
expelled  from  the  acid,  with  which  the  water  recombines.  If 
the  distillation  be  conducted  so  that  the  mixture  boils,  the 
dilute  sulphuric  acid  concentrates  itself,  at  the  same  time,  by 
giving  off  an  atom  of  water,  which  condenses  mixed  with 
the  ether,  but  had  its  origin  in  a  perfectly  independent 
action. 

If  we  heat  alcohol  in  contact  with  glacial  phosphoric  or 
arsenic  acids,  it  is  similarly  acted  on,  and  the  ether  forms  a 
phospkovinic  or  arseniovinic  acid,  which  is  decomposed  by 
boiling,  the  ether  being  set  free.  These  acids  would  be  too 
costly  to  admit  of  their  employment  in  the  preparation  of 
ether  on  the  great  scale,  and  besides,  they  do  not  act  as 
powerfully  as  oil  of  vitrioL  Although  this  ether  does  not  con- 
tain any  sulphuric  acid,  it  is  very  generally  called  sulphwric 
ether,  and  I  shall  often  use  that  name,  but  the  distinction 
between  it  and  the  compound  ethers  formed  by  its  union  with 
acids,  must  be  carefully  kept  in  mind. 

The  ether  formed  by  the  process  now  described  is  ren- 
dered impure  by  admixture  with   alcohol  and  water,  and 
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sometimes  oil  of  wine  and  sulphurous  acid.  It  is  freed  from 
these  by  rectification,  from  a  water  bath,  over  some  dry  car- 
bonate of  potash.  It  is  then  a  colourless  liquid,  of  an  agree- 
able penetrating  odour,  and  a  pungent  taste.  Its  sp.  gr.  is 
0'720  at  60*" ;  it  does  not  conduct  electricity;  at  —  47"^  F.  it 
freezes  into  a  crystalline  mass ;  it  boils  at  96^ ;  the  sp.  gr.  of 
its  vapour  is  S581'3.  In  evaporating  it  produces  great  cold, 
of  which  numerous  applications  have  been  noticed  tnder  the 
head  of  vaporization.     (Sect.  IV.  Chap.  III.) 

Ether  is  very  combustible ;  its  vapour;  diffused  through 
air  or  oxygen,  forms  powerfully  explosive  mixtures.  Ex- 
posed to  the  air,  it  gradually  absorbs  oxygen,  forming  acetic 
acid.  Its  flame  is  brighter  than  that  of  alcohol,  but  it  gives 
no  smoke;  it  dissolves  sulphur  and  phosphorus  in  small 
quantity  ;  iodine  and  bromine  are  abundantly  dissolved,  but 
they  soon  act  on  the  ether ;  most  bodies  that  are  soluble  in 
alcohol  are  dissolved  by  ether,  except  salts,  of  which  only 
very  few,  as  the  perchlorides  of  gold,  of  platina  and  of  iron, 
are  taken  up  by  it.  Ether  combines  with  almost  all  acids, 
forming  well  defined,  neutral  salts,  the  compound  ethers, 
which  have  a  remarkable  similarity  to  the  ammoniacal  salts. 
It  is,  therefore,  an  organic  base ;  its  composition  is  expressed 
by  the  formulr  C4HAO,  giving  the  numbers  by  weight : 

4  equivalents  of  carbon     • 

5  „  hydrogen 
1             «            oxygen   . 

S7'20  10000 

and  by  volume, 

4  volumes  of  carbon  vapour  (843x4)  ==3372'0 

10      „       hydrogen      „    {68-8x10)  =  688'0 

I       »        oxygen  „        ....     1102'6 


24-20    . 

.     65-31 

600    . 

.     13-33 

8-00    . 

.    21-36 

Produce  two  volumes  of  vapour  of  ether  .     .     .5162'6 
Of  which  one  weighs  therefore    ....    2581*3 

In  chemistry  and  pharmacy  ether  is  of  importance  as  a 
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vehicle  for  the  solution  of  many  resinous  and  other  bodies, 
and  from  its  action  on  the  animal  economy.  By  the  action  of  re- 
agents it  yields  a  great  n  umber  of  derived  compounds,  of  which 
the  most  important  will  be  described  in  their  proper  place. 
The  question  of  the  intimate  constitution  of  ether  has 
been  very  much  discussed,  and  opinions  have  followed  pre* 
cisely  the  same  course,  with  regard  to  the  theory  of  its  com- 
pounds, as  for  that  of  the  combinations  of  ammonia;  thus 
it  has  been  looked  upon  as  an  oxide  of  a  compound  (me* 
tallic  ?)  radical,  ethereumy  or  ethylcy  as  the  salts  of  ammonia 
were  supposed  to  contain  a  compound  metal,  ammonium. 
The  formula  of  ethyle  should  be  C4H5,  and  its  symbol, 
Ae.  On  the  other  hand,  it  may  be  considered  to  con- 
sbt  of  olefiant  gas,  C4H4,  united  to  water,  and  the  latter  then 
takes  the  place  of  the  ammoniacal  gas  in  the  theory  of  am* 
monia.  I  shall  frequently  employ  for  ether  the  symbol  Ae.O, 
and  speak  of  it  and  other  bodies  as  compounds  of  ethyle,  as 
oxide,  chloride,  &c.,  but  without  any  other  present  object 
than  convenience  of  language,  for  it  would  be  impossible  to 
discuss  the  comparative  merits  of  these  theories,  without 
knowing  the  properties  of  the  compound  ethers,  of  olefiant 
gas,  of  aldehyd,  acetic  acid,  and  many  other  bodies,  which 
are  involved  in  the  reactions  by  which  we  may  endeavour  to 
test  their  value,  and  hence  I  shall  postpone  all  details  of  the 
principles  of  the  ether-theories  until  the  end  of  the  present 
chapter. 

Compounds  of  Ether  with  Sulphuric  Add. 

Sulphovinic  Acid.— Bisulphate  of  Ether.— C4H5O.SO3+ 
HO.SOa*  Is  produced  by  mixing  alcohol  with  oil  of  vitriol,  as 
described  for  the  preparation  of  ether,  or  by  passing  vapour 
of  ether  into  oil  of  vitriol  as  long  as  it  is  absorbed.  By  heat 
this  solution  is  decomposed.  The  sulphovinic  acid  cannot  be 
obtained  in  a  solid  form ;  if  a  solution  of  sulphovinate  of  lead 
be  decomposed  by  sulphuret  of  hydrogen,  a  colourless  and 
very  acid  liquor  is  obtained,  which,  when  concentrated,  evolves 
ether,  blackens,  and  is  totally  decomposed.     Its  salts  aie  all 


SULPUOVINIC,  BTHIONIC»  AND  ISETHIONIC  ACIDS.     907 

iioluble^  and  generally  deliquescent ;  when  boiled  with  mu- 
riatic acid,  alcohol  is  evolved  and  sulphuric  acid  set  free. 
By  a  high  temperature  they  are  decomposed,  oU  of  wine, 
ether,  olefiant  gas,  and  sulphurous  acid  being  given  off, 
whilst  a  metallic  sulphate  or  sulphuret  remains  behind  mixed 
with  some  charcoal.  By  distilling  a  sulphovinate  with  a 
potash  salt  of  any  volatile  acid,  a  compound  of  ether  with 
that  acid  distils  over,  and  sulphate  of  potash  remains.  By 
fusing  a  sulphovinate  with  a  caustic  alkali,  water  and  olefiant 
gas  are  expelled,  and  all  the  sulphuric  add  remains  com- 
bined with  the  alkali. 

Sulphovinate  of  Potash.— AeO.SOi+KO.SO:,.  Crystallizes 
in  colourless  rhomboidal  plates,  which  are  anhydrous ;  it  is 
very  soluble  in  water,  but  sparingly  soluble  in  alcohol.  Sul- 
phovinate  o/barytes^  AeO.SOa  +  BaO.SOa  +2Aq.,  crys- 
tallizes in  oblique  rhomboidal  prisms  unalterable  in  the  air ; 
it  tastes  strongly  acid ;  in  vacuo  it  abandons  its  water,  and  is 
then  not  altered  by  a  heat  of  212^  but  if  the  hydrated  salt 
be  heated  to  SIS^,  alcohol  is  given  off*,  and  sulphuric  acid  set 
free.  Sulphovinate  oflimct  crystallizes  in  thin  hexagonal 
plates,  which  are  very  deliquescent ;  it  is  soluble  in  less  than 
its  own  weight  of  cold  water.  Sulphovinate  of  lead  forms 
large  rhombic  crystals,  deliquescent,  very  soluble  in  water 
and  in  alcohol ;  it  is  gradually  decomposed  at  ordinary  tem- 
peratures. Sulphovinate  of  copper^  AeO.SOa  +  CuO.SOa  + 
4Aq.,  forms  large  blue  octagonal  plates,  permanent  in  the  air, 
and  very  soluble  in  alcohol  and  water;  heated  to  212^  it  is 
totally  decomposed. 

Eihionic  and  Isethionic  Adds. — ^These  substances  are  form- 
ed by  acting  on  alcohol,  or  ether,  with  the  vapours  of  anhy- 
drous sulphuric  acid ;  the  liquor,  neutralized  by  bary tes,  gives 
the  insoluble  sulphate,  and  the  soluble  ethionate  of  barytes, 
which  last  separates  from  the  concentrated  liquor,  as  a  crys- 
talline precipitate,  on  the  addition  ofalcohol.  A  solution  of  this 
salt,  when  decomposed  by  sulphuric  acid,  gives  free  ethionic 
acid,  which,  by  boiling,  is  decomposed  into  sulphovinic  acid 
and  isethionic  acid,  of  which,  indeed,  Liebig  considers  it 
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to  be,  in  reality,  only  a  mixture.  The  isethionic  add  is 
formed  more  characteristically  by  the  direct  union  of  anhy* 
drous  sulphuric  acid  and  olefiant  gas,  and  will  be  described 
as  a  compound  of  that  body. 

Alihiomc  and  Methiamc  Acids. — ^When  the  mixture  of 
alcohol  and  oil  of  vitriol,  for  making  ether,  has  been  distilled 
so  far  as  that  it  has  become  black  and  began  to  froth,  it  pro* 
duces,  when  neutralized  with  bases,  a  series  of  salts,  which, 
though  having  the  same  per  cent  composition  as  the  sulpho- 
vinates,  differ  very  much  from  them  in  properties ;  thus  the 
Alihionaie  of  lime  does  not  crystallize ;  the  AUhianaie  of 
Barytes  crystallizes  in  fine  needles,  in  place  of  the  large 
plates  of  the  sulphovinate  ;  the  AUhianaie  of  copper  is 
still  more  distinct,  as  its  crystals  are  thin  acute  rhombs, 
of  a  pale  green  colour. 

If  the  ether,  into  which  the  vapours  of  sulphuric  acid  are 
passed,  be  allowed  to  grow  hot,  it  becomes  black,  sulphu- 
rous acid  is  evolved,  and  an  acid  is  formed  different  from  any 
of  the  preceding ;  it  is  called  the  meihionic  acidy  and  is  cha- 
racterized by  its  barytes  salt  being  totally  insoluble  in 
alcohol,  and  but  sparingly  soluble  in  water.  When  its  salts 
are  fused  with  caustic  potash,  merely  sulphite  of  potash  re- 
mains ;  the  formula  of  the  acid  contained  in  the  barytes  salt 
is  C3H3S2O7.  It  evidently  does  not  contain  any  simple  com- 
bination of  alcohol  or  ether. 

Heavy  Oil  of  Wine—Sulphate  of  Ether  and  Etherol, 
CgHgO  +  2SO3,  or  AeO.SOa  +  C4H4.SO3.  When  one  part 
of  rectified  spirit  is  distilled  with  two  and  a-half  parts  of  oil  of 
vitriol,  a  little  ether  passes  over,  followed  by  an  oily  yellow 
liquid,  and  water,  with  much  sulphurous  acid.  The  oil  is  to 
be  washed  with  a  little  water,  and  then  dried  in  vacuo  under 
a  bell-glass,  beside  two  cups,  one  of  oil  of  vitriol  and  the  other 
of  caustic  potash ;  the  first  absorbs  the  water  and  ether,  and 
the  last  the  sulphurous  acid.  Thb  substance  is  then  a  thin 
oil,  sometimes  green  and  sometimes  yellow ;  its  odour  aro- 
matic and  pungent ;  its  specific  gravity  1*133 ;  when  heated 
it  begins  to  boil,  but  is  rapidly  decomposed,  blackening  and 
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evolving  sulphurous  acid,  and  but  little  distilling  over.  It  is 
scarcely  soluble  in  water,  but  abundantly  so  in  alcohol  and 
ether.  When  boiled  with  water,  or  with  an  alkaline  solu- 
tion, sulphovinic  acid  is  formed,  and  eiherol  {light  oU  of  wine) 
set  free,  which  floats  upon  the  surface. 

The  composition  of  this  body  is  not  absolutely  constant. 
I  consider  it  to  be  a  mixture,  in  variable  proportions,  of 
true  sulphate  of  ether,  AeO.SOa,  with  sulphate  ofetherol, 
C4H4.SO3.  I  have  found  that  when  distilled  with  oxalate  or 
acetate  of  potash,  with  chloride  or  sulphuret  of  potassium, 
oxalic  and  acetic  ethers,  muriatic  ether,  &c.,  are  generated, 
and  at  the  same  time  etherol  remains  indifferent  to  these  re- 
agents. 

Another  process  for  obtaining  this  heavy  oil  of  wine  con- 
sists in  mixing  dry  sulphovinate  of  lime  with  its  own  weight 
of  quicklime,  and  distilling  at  a  heat  not  exceeding  620^. 
The  oil  which  comes  over  mixed  with  alcohol  is  to  be  pu- 
rified as  already  noticed. 

Etherol  and  Elherine. — C4H4.  The  oil,  which  is  sepa- 
rated from  the  foregoing  substance,  by  hot  water,  or  by  alka- 
lies, divides  itself  generally,  after  some  time,  into  a  liquid 
and  a  solid  portion ;  the  first  constitutes  the  light  oil  of  wine, 
etherol.  It  is  pale  yellow,  and  thick,  like  olive  oil ;  its  odour 
is  aromatic ;  its  specific  gravity  =  0*921 ;  it  boils  at  500° ;  at 
—  35^  it  freezes.  The  etherine  forms  hard,  brittle,  colourless 
prisms;  it  is  tasteless;  its  specific  gravity  0*980;  it  melts  at 
SSO^  and  boils  at  464^ ;  it  is  soluble  in  alcohol  and  ether. 
The  composition  of  both  these  bodies  is  the  same,  consisting 
of  equal  numbers  of  atoms  of  carbon  and  hydrogen,  but  their 
atomic  weights  are  not  known.  It  is  very  probable  that  the 
etherol  is  really  a  mixture  of  two  other  bodies,  for  when  a 
saturated  solution  of  chloride  of  zinc  in  alcohol  is  distilled, 
an  oily  liquor  is  obtained,  which,  by  rectification,  may  be 
separated  into  two  fluids,  of  which  one,  boiling  at  212^,  has 
the  formula  CgH?,  and  the  other  which  boils  only  at  570^, 
has  the  formula  CgHg,  A  mixture  of  equal  quantities  of  the 
two  should  have  the  composition  assigned  to  etherol. 
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Liebig  and  Regnault  have  found  the  etherol  obtained  by 
alcohol  and  sulphuric  acid,  to  have  the  formula  C4H3,  so 
that  it  muit  be  looked  upon  as  an  irregular  mixture  of  se- 
veral oilsy  which  have  not  yet  been  obtained  pure.  The 
etherol,  or  ethereal  M  is  employed  to  prepare  HoffnuuCs 
anodyne  liquor^  being  dissolved  in  a  mixture  of  one  part  of 
ether  and  two  of  spirit  of  wine. 

Companmdi  of  Ether  with  the  Phosphoric  and  Arsenio  Acids. 

Phosphovinie  ^cm/.— AeO.POs  +  2HO.  When  concen* 
tratcd  tribasic  phosphoric  acid  is  dissolved  in  alcohol,  great 
heat  is  evolved,  and  one  atom  of  water  replaced  by  an  atom 
of  ether.  The  acid  salt  thus  formed  may  be  obtained  crys- 
tallizedi  but  when  its  solution  is  heated  strongly  it  is  decom- 
posed. It  combines  with  two  atoms  of  base  to  form  the 
phosphovinates,  of  which  few  are  as  yet  well  known.  The 
barytes  salt,  PO5  +  Ae0.2BaO  +  12Aq.  crystallizes  in  bril- 
liant colourless  plates,  and  is  remarkable  for  being  equally 
soluble  in  water  at  32^  and  212^,  but  three  times  more  so- 
luble in  water  at  KM"*. 

Arseniovinic  Acid. — AsOs  +  AeO  -|-  2H0.  Is  formed 
with  arsenic  acid  and  alcohol,  like  the  body  last  described. 
Its  salts  have  been  but  very  slightly  examined. 

Compounds  of  Ether  with  the  other  Mineral  Acids. 

Muriatic  Ether.— Chloride  of  Ethyk.—C4Hs.Cl.  Is  pre- 
pared by  distilling  a  mixture  of  three  parts  of  oil  of  vitriol, 
four  of  fused  common  salt,  and  two  of  absolute  alcohol.  The 
retort  should  be  connected  with  two  two-necked  bottles,  of 
which  the  first  should  be  immersed  in  a  vessel  of  water  at  60% 
and  the  second  be  surrounded  by  ice,  or  a  freezing  mixture. 
Some  alcohol  and  common  ether  which  pass  over,  are  con- 
densed in  the  first  bottle,  whilst  the  muriatic  ether  is  reduced 
to  the  liquid  state  only  in  the  second.  By  digestion  with 
some  chloride  of  calcium  it  is  rendered  quite  pure. 

It  is  a  colourless  liquid  of  a  pungent  garlic  odour ;  its 
specific  gravity  =  0*874 ;  it  boils  at  5^ ;  is  neutral ;  spa- 
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ringly  soluble  in  water;  it  bums  with  a  bright  flame,  green 
at  the  edges,  and  gives  off  muriatic  acid  gas.  By  passing 
through  a  red-hot  tube,  it  aflEbrds  equal  volumes  of  olefiant 
and  muriatic  acid  gases,  or  by  heating  with  potash,  it  gives 
olefiant  gas  and  chloride  of  potassium.  Heated  with  alkaline 
salts,  it  yields  compound  ethers  and  alkaline  chlorides* 
When  muriatic  ether  is  heated  with  potassium,  Lowig  states, 
that  chloride  of  potassium  is  formed  and  a  light  oily  sub- 
stance separates,  which  has  the  formula  C4H5.  It  should 
be  ethyle,  but  so  important  an  observation  has  need  of  veri- 
fication. This  body  is  often  called  light  muriatic  ether,  to 
distinguish  it  from  heavy  muriatic  ether,  which  results  from 
the  action  of  chlorine  on  weak  alcohol. 

Hydrobromic  Ether. — Bromide  of  Eihyle, — C4H5.Br.  Is 
obtained  by  distilling  together  two  parts  of  bromine,  one  of 
phosphorus,  and  six  of  alcohol.  There  is  first  formed  bro- 
mide of  phosphorus,  which  instantly  decomposes  the  water 
of  the  alcohol,  and  the  nascent  hydrobromic  acid  acting  on 
the  ether  forms  the  hydrobromic  ether.  In  properties  it 
perfectly  resembles  the  following  body : 

Hydriodic  Ether.— Iodide  of  Ethyle.—CJl^.l.  Is  formed 
by  distilling  iodine,  alcohol,  and  phosphorus.  It  is  a  colour- 
less liquid,  of  a  pungent  ethereal  smell;  its  specific  gravity 
rr  1-92 ;  it  boils  at  16P ;  it  is  abundantly  soluble  in  alcohol. 
Heated  with  potash,  it  gives  pure  olefiant  gas  and  iodide  of 
potassium.  The  theory  of  its  formation  is  the  same  as  in 
the  former  case. 

HydrosvJphuric  Ether, — Sulphuret  of  Ethyle. — C4H5.S. 
May  be  formed  by  acting  on  muriatic  ether,  with  an  alco- 
holic solution  of  sulphuret  of  potassium.  It  boils  at  187^; 
it  combines  with  sulphuret  of  hydrogen  to  form  the  follow- 
ing very  remarkable  substance. 

Sulphur-alcohol,  or  Mercaptan.  —  €411083,  or  Ae.S-f 
HS.  Which  is  obtained  directly  by  distilling  in  a  water- 
bath  concentrated  solutions  of  sulphovinate  of  lime  and  of 
potash  saturated  with  sulphuret  of  hydrogen,  KS  +  HS, 
and  AeO.SOa  +  KO.SO39  producing  2.KO.SO3,  and  AeS  + 
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HS ;  the  mercaptan  distils  over,  and  sulphate  of  potash  re- 
mains in  the  retort ;  it  is  a  colourless  thin  liquid,  of  an 
insupportable  smell  of  onions ;  it  boils  at  96^ ;  its  specific 
gravity  is  0*84 ;  it  dissolves  in  alcohol ;  is  perfectly  neutral ; 
bums  with  a  bright  blue  flame ;  and  by  cold,  freezes  into  a 
crystalline  mass.  In  constitution,  it  is  perfectly  analogous 
to  alcohol,  the  oxygen  being  replaced  by  sulphur.  When 
placed  in  contact  with  metallic  oxides,  water  is  formed,  and 
a  double  sulphuret  of  ethyle  and  the  metal  produced.  This 
occurs  remarkably  with  oxide  of  mercury,  whence  the  bar- 
barous name  given  to  this  body  by  Zeize,  from  mercurium 
capians,  and  to  its  compounds  of  tnercaptides.  That  of 
mercury  is  a  crystalline  solid,  fusible  at  110°,  and  soluble  in 
alcohol. 

The  properties  of  this  body  induced  its  discoverer,  Zeize, 
to  look  upon  it  as  a  compound  of  hydrogen  with  a  compound 
radical  which  he  called  mercaplum,  which  should  be  really 
the  following  compound.  Its  formula  then  became  C4H5S8 
4-H.  He  extended  this  view  also  to  common  alcohol,  which 
he  considers  as  C4H5OS  +  H. ;  but  his  theory  has  met  with 
very  few  supporters. 

Thtalol. — Bisulphurei  of  Ethyle. — AeSa*  Is  formed  by 
distilling  a  mixture  of  sulphovinate  of  lime  and  persulphuret 
of  potassium.  It  is  a  limpid,  oily  fluid,  with  a  strong  garlic 
smell;  it  boils  at  124°.  Its  solution  in  alcohol  precipitates 
the  salts  of  lead  and  mercury.  By  the  action  of  nitric  acid 
on  these  sulphurets  of  ethyle,  acids  are  produced  analogous  to 
the  sulphovinic,  but  which  are  not  as  yet  accurately  known. 

The  Seleniuret  and  TeUurei  of  Ethyle  have  been  formed, 
but  do  not  require  description. 

mtroui  Ether.  — Hyponitrite  of  Ethyle.  —  AeO.HOy 
When  alcohol  and  strong  nitric  acid  are  directly  mixed,  the 
action  is  very  violent ;  heat  is  evolved,  red  fumes  are  copiously 
given  off*,  and  acetic,  oxalic  and  carbonic  acids  formed. 
Even  when  the  acid  is  dilute,  its  action  is  very  complex; 
giving  up  two  atoms  of  oxygen  to  one  portion  of  the  alcohol, 
it  produces  aldehyd,  and  acetic  and  oxalic  acids,  and  it  is  only 
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the  hyponitrous  acid  thus  produced  that  acts  on  the  remain- 
ing alcohol,  and^  combining  with  the  ether  of  it,  forms  the 
proper  nitrous  ether.  To  avoid  these  oxidized  products, 
the  best  plan  is  to  generate  red  fumes  of  hyponitrous  acid, 
by  acting  on  starch  by  nitric  acid,  in  a  retort,  and  to  conduct 
these  fumes  by  a  bent  tube  to  the  bottom  of  a  two-necked 
bottle  containing  alcohol.  They  are  copiously  absorbed, 
and  combine  directly  with  the  ether.  From  the  second  neck 
of  the  bottle,  a  tube  should  pass  to  a  condensing  apparatus 
and  receiver ;  enough  of  heat  is  evolved  by  the  absorption 
of  the  red  fumes,  to  distil  over  the  nitrous  ether  formed, 
which  may  be  thus  obtained  quite  pure. 

Another  process,  which  may  now  be  considered  as  obso- 
lete, consisted  in  distilling  a  mixture  of  oil  of  vitriol,  nitrate  of 
potash,  and  rectified  spirit,  by  the  heat  of  a  water  bath,  into 
a  receiver  cooled  by  snow.  The  nitric  acid  acted  very 
violently  on  the  alcohol,  and  the  product  was  impure,  and 
small  in  quantity. 

Nitrous  ether  is  a  liquid,  colourless,  or  pale  yellow,  of  a 
pungent  odour  of  apples  ;  it  usually  reacts  acid  from  slight 
decomposition,  but  is  neutral  if  quite  pure  ;  its  specific  gra- 
vity is  0-947;  it  boils  at  61*  Fah.  Exposed  to  the  air,  it 
absorbs  oxygen  rapidly,  and  forms  aldehyd,  acetic  and  for- 
mic acids,  at  the  same  time  nitric  oxide  is  given  off.  By  con- 
tact with  any  strong  base,  it  is  decomposed  ;  alcohol  being 
set  free,  and  a  hyponitrite  formed.  A  solution  of  this  ni- 
trous ether  in  spirit  {spiritus  nitridulcis)  is  employed  in  phar- 
macy. It  is  prepared  by  distilling  a  mixture  of  one  part  of 
nitric  acid,  and  ten  of  rectified  spirit,  collecting  the  first  seven 
parts  which  come  over,  and  digesting  them  on  a  little  dry  car- 
bonate of  potash,  to  remove  any  traces  of  free  acid.  Its 
specific  gravity  should  be  0-850.  It  may  be  prepared  di- 
rectly by  dissolving  one  part  of  real  nitrous  ether  in  eight 
parts  of  spirits  of  wine. 

Cyanogen  Compounds  of  Ether, 

Hydrocyanic  Ether. — Cyanide  of  Ethyle. — Ae.Cy.  Is 
prepared  by  distilling  a  mixture  of  sulphovinate  of  potash 
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and  cyanide  of  potassium  at  a  moderate  heat.  It  is  a  colour- 
less liquid*  of  a  strong  garlic  odour ;  it  boils  at  179^  and  is 
lighter  than  water ;  it  is  very  poisonous. 

CyoMurie  Eiker.SAeO  +  2.Cy303  +  6Aq.  Is  formed 
when  the  vapours  of  hydrated  cyanic  acid  are  passed  into 
ether*  as  long  as  they  are  absorbed.  After  some  time,  the 
new  compound  separates  in  crystals,  which  are  colourless 
prisms*  destitute  of  taste  and  smell;  soluble  in  water*  and 
but  sparingly  soluble  in  ether. 

Hpdroiulphocjfamo  Ether  appears  to  be  formed  by  dis- 
tilling sulphocyanide  of  potassium  with  sulphovinate  of  pot- 
ash.   It  is  a  liquid  heavier  than  water. 

Compounds  of  Ether  with  the  Acids  of  Carbon. 

Carbonic  Ether.— Carbonate  of  Ethyle.—AeO.C0i,  This 
ether  can  only  be  produced  by  an  indirect  process,  the  theory 
of  which  is  not  well  understood.  Metallic  potassium  or 
sodium  is  added*  in  small  pieces*  to  oxalic  ether*  as  long  as  a 
disengagement  of  carbonic  oxide  gas  occurs;  a  thick  brown 
mass  is  formed  which  is  to  be  distilled*  the  excess  of  metal 
being  first  destroyed  by  the  addition  of  water ;  the  carbonic 
acid  distils  over.  It  is  a  colourless  liquid,  of  an  aromatic 
smell*  lighter  than  water.  It  boils  at  d60<' ;  it  is  insoluble  in 
water*  but  dissolves  in  alcohol ;  its  alcoholic  solution  is  de- 
composed by  potash*  alcohol  and  carbonate  of  potash  being 
formed. 

Carbonate  of  Ether  and  Water. — Carbovinic  Acid.-- 
AeO.COs  +  HO.COs.  At  one  time  it  was  considered  that 
anhydrous  sugar  was  actually  bicarbonate  of  ether*  C^lisQi 
=  C4H«0  +  2.CO«*  and  that  the  alcoholic  fermentation  con- 
sisted in  the  separation  of  these  bodies*  the  nascent  ether 
combining  with  water  to  form  alcohol ;  but  that  idea  is  now 
inadmissible.  The  true  carbovinic  acid  is  prepared  by  dis- 
solving caustic  potash  in  absolute  alcohol*  and  passing  dry 
carbonic  acid  gas  through  the  liquor  as  long  as  it  is  absorbed.  i 

A  crystalline  mass  is  formed  of  carbonate  and  carbovinate  of 
potashy  which  last  is  dissolved  out  by  cold  alcohol ;  and  this 
solution,  being  mixed  with  ether*  deposits  the  salt*  whose  for- 
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mula  is,  AeO.COs  +  KO.COa,  in  pearly  plates,  which  are 
immediately  decomposed  by  water  into  alcohol  and  bicarbo- 
nate of  potash.  The  carbovinic  acid  is  not  known  in  an 
isolated  form. 

Oa:aUe  Ether.— Oxalate  of  Ethyle.—AeO.C^O^  Is  pre- 
pared by  distilling  one  part  of  alcohol  with  one  of  binoxalate 
of  potash  and  two  of  oil  of  vitriol.  At  first  alcohol  and  com- 
mon ether  come  over,  but  then  a  heavy  fluid,  which  sinks  to 
the  bottom  of  the  receiver.  The  portions  last  distilled  are 
richest  in  product  It  is  rectified  by  another  distillation  from 
off  a  little  litharge.  It  is  a  colourless  oily  liquid,  denser 
than  water,  of  a  heavy  but  aromatic  smell ;  it  boils  at  370^ 
In  contact  with  water  or  bases  it  is  gradually  decomposed 
into  alcohol  and  oxalic  acid.  The  sp.  gr.  of  its  vapour  is 
6077. 

OxaUmmc  jicid.—AeO.C^s  +  HO.C2O3.  This  acid  is 
not  known  except  in  combination.  It  is  produced  by  adding 
to  a  solution  of  oxalic  ether  in  alcohol,  half  as  much  potash 
as  would  suffice  to  decompose  it.  The  oxalovinate  of  potash 
separates  as  a  crystalline  powder,  being  insoluble  in  alcohol. 
By  an  excess  of  base  it  is  decomposed  into  alcohol  and  an 
oxalate.    Its  other  salts  do  not  require  special  notice. 

Oxamethan. — AeO.C203  +  C^Oa*  Ad.  When  oxalic  ether 
is  acted  on  by  water  of  ammonia,  it  is  totally  decomposed, 
alcohol  and  oxamide  being  formed,  as  already  noticed.  If  a 
solution  of  ammonia  in  alcohol  be  used,  but  one-half  of  the 
oxalic  ether  is  decomposed,  and  the  oxamide  produced  unites 
with  the  other  half,  forming  a  substance  soluble  in  alcohol 
and  water,  and  crystallizing  in  brilliant  prisms  and  plates.  It 
melts  at  SlS^y  and  sublimes  unchanged  at  4S0^.  Its  solu- 
tion in  cold  water  does  not  precipitate  lime  water,  but  if  it 
be  boiled,  alcohol  is  expelled  and  the  solution  contains  binox- 
alate of  ammonia.  By  water  of  ammonia  it  is  totally  changed 
into  oxamide. 

Chlor-oxycarbonic Ether. —keO.C02  + CO. C\.  This  sub- 
stance is  formed  by  the  action  of  chloro-carbonic  acid  gas  on 
absolute  alcohol.    It  is  a  colourless  liquid,  perfectly  neutral, 
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heavier  than  water,  and  boiling  at  201°;  sparingly  soluble  in 
water.  It  consists,  or  at  least  contains  the  elements,  of  an 
atom  of  carbonic  ether,  and  an  atom  of  phosgene  gas.  When 
put  in  contact  with  water  of  ammonia,  it  is  dissolved  vio- 
lently and  heat  evolved ;  sal-ammoniac  and  a  peculiar  sub- 
stance termed  Urethan  being  formed.  The  liquor  is  to  be  dried 
down  and  the  residue  distilled  in  a  dry  retort,  with  an  oil 
bath.  The  urethan  passes  over  and  solidifies  in  the  receiver 
to  a  crystalline  mass  resembling  spermaceti.  In  it  the  chlo- 
rine of  the  preceding  substance  is  replaced  by  amidogene, 
its  formula  being  AeO.COs  +  CO.Ad ;  it  consists  thus  of 
carbonic  ether  and  carbamide  in  the  proportion  of  one  atom 
of  each. 

Sulphacarbonic  Ether,  Hydro-xanthic  Add. — AeO.CS^  + 
HO.CSs*  Is  prepared  by  decomposing  the  xanthate  of  potasli 
by  dilute  sulphuric  acid.  A  milky  liquor  is  obtained,  from 
which,  after  some  time,  a  heavy  oil  separates ;  it  is  to  be  ra- 
pidly washed  with  water  and  dried  by  chloride  of  calcium. 
It  is  then  pale  yellow,  slightly  acid,  inflammable,  and  burns 
with  a  blue  sulphurous  flame ;  it  is  decomposed  by  warm 
water  into  alcohol  and  sulphuret  of  carbon  ;  it  decomposes 
the  alkaline  carbonates,  expelling  the  carbonic  acid.  Of  its 
salts,  that  of  potash  b  obtained  directly,  and  from  it,  tbe 
others.  Xanthate  of  potash  AeO.CSs  +  KO.CSs  is  formed 
by  adding  sulphuret  of  carbon  to  a  warm  solution  of  caustic 
potash  in  alcohol.  On  cooling  the  liquor,  it  deposits  the 
salt  in  crystals,  which  are  to  be  collected  on  a  filter,  washed 
with  ether,  and  dried  between  folds  of  bibulous  paper.  Tbe 
salts  of  lead,  copper,  &c.,  may  be  prepared  by  double  de- 
composition ;  they  are  all  yellow,  whence  the  ordinary  name 
of  the  acid. 

Mucate  of  Ether  is  solid  and  crystalline.  It  is  formed 
by  dissolving  mucic  acid  in  oil  of  vitriol,  and  gradually  adding 
an  equal  weight  of  alcohol.  The  liquor  yields  after  some 
time  the  mucic  ether  in  crystals,  which  are  to  be  dried  on  a 
porous  stone,  and  recrystallized  from  alcohol. 

The  remaining  compounds  of  ether  with  acids  will  be 
described  along  with  the  other  salts  of  those  acids. 
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Of  Olefiant  Gas  and  its  Compounds. 
This  gas  has  been  frequently  mentioned  as  one  of  the 
products  of  the  action  of  sulphuric  acid  on  alcohol.  The 
usual  process  to  obtain  it  consists  in  heating  one  part  of  al- 
cohol with  six  of  oil  of  vitriol  in  a  flask  b^  from  which  a  tube 
passes  to  the  water  pneumatic  trough,  as  in  the  figure ;  the 


mass  becomes  dark;  ether,  water,and  oil  of  wine,  collect  in  the 
interposed  globe  a,  and  olefiant  gas  is  copiously  evolved,mixed 
with  an  equal  volume  of  sulphurous  acid,  which,  however, 
being  absorbed  by  the  water,  the  other  gas  remains  pure. 
Towards  the  end  of  the  process  the  materials  in  the  flask 
swell  up  very  much,  and  might  boil  over  if  not  carefully  at- 
tended to.     The  theory  of  this  action  appears,  at  first  sight, 
very  simple ;  the  alcohol  losing  an  atom  of  water,  is  first  con- 
verted into  ether,  which,  by  the  influence  of  the  excess  of  sul- 
phuric acid,  is  deprived  of  the  elements  of  another  equivalent 
of  water,  and  olefiant  gas  remains ;  C4H5O,  giving  C4H4  and 
HO ;  but  we  cannot  by  this  process  generate  the  olefiant  gas 
without,  at  the  same  time,  more  complex  products  appearing, 
as  etherol,  sulphurous  acid,  and  the  black  matter  which  re- 
mains in  the  retort.  This  last,  which  had  been  considered 
formerly  as  charcoal,  appears  to  consist  of  C37HDO4  +  SO3, 
it  combines  with  bases,  and  is  termed  the  thiomelanic  acid; 
it  evidently  results  from  the  sulphuric  acid,  giving  up  oxygen 
to  the  hydrogen  of  a  portion  of  the  alcohol. 
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Olefiant  gas  is  generated  on  the  large  scale  by  the  de- 
composition of  coaly  pitch,  oil,  &c.,  at  a  red  heat,  and  is  em- 
ployed for  purposes  of  illumination,  being  the  most  valuable 
constituent  of  the  gas  which  is  burned  in  our  streets  and 
shops.    To  this  source  of  it  I  shall  have  occasion  to  return. 

We  may  obtain  this  gas,  however,  by  much  more  defi- 
nite and  simple  processes.  Thus,  if  vapour  of  muriatic  ether 
be  passed  through  a  red  hot  porcelain  tube,  it  is  resoWed 
into  equal  volumes  of  olefiant  and  muriatic  acid  gases ;  also 
if  muriatic  ether  be  heated  with  ammoniacal  gas,  sal-ammo- 
niac is  formed,  and  olefiant  gas  evolved ;  the  same  decompo- 
sition is  caused  by  caustic  potash.  If  vapour  of  alcohol  be 
passed  into  oil  of  vitriol  so  far  diluted  as  to  boil  at  320^,  and 
heated  to  that  degree,  it  is  totally  resolved  into  water  and 
olefiant  gas.  In  a  theoretical  point  of  view  these  sources  of 
olefiant  gas  are  peculiarly  of  interest. 

Olefiant  gas  when  pure  is  colourless ;  its  odour  is  very 
slightly  ethereal ;  it  is  sparingly  absorbed  by  water ;  it  bums 
with  a  brilliant  white  flame  producing  much  smoke.  When 
mixed  with  twice  its  volume  of  chlorine^  and  set  on  fire  in  a 
tall  narrow  jar,  a  brilliant  flame  descends  rapidly,  muriatic 
acid  being  formed,  and  charcoal,  smelling  strongly  of  nap- 
thaline,  separating  in  dense  flocculi.  Its  specific  gravity  is 
980'8,  as  one  volume  of  it  contains  a  volume  of  carbon  va- 
pour and  two  volumes  of  hydrogen  (843*0  +  1S7-6  =  980*6). 
It  consists  of  an  equal  number  of  equivalents  of  hydrogen 
and  carbon,  but  chemists  are  not  unanimous  as  to  its  real 
atomic  weight.  Berzelius,  who  looks  upon  it  as  an  organic 
radical,  and  the  basis  of  a  series  of  compounds  with  oxygen, 
chlorine,  &c.,  has  proposed  for  it  the  name  elayl,  and  the 
formula  CaHs.  The  name  olefiant  gas  being  very  incon- 
venient, I  shall,  in  speaking  of  its  compounds,  term  it  for 
the  present  etherene.  The  principal  support  of  the  theory, 
which  considers  this  gas  to  be  the  radical  of  the  ethers  and 
of  alcohol,  is  derived  from  the  great  simplicity  of  their  con- 
stitution by  volume,  in  the  state  of  vapour,  on  that  Tiew. 
Thus,  two  volumes  of  olefiant  gas  combine  with  two  of  ?a- 
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pour  of  water  to  form  alcohol ;  with  one  of  vapour  of  water 
to  form  ether ;  with  two  of  muriatic  or  hydriodic  acid  gases 
to  form  the  hydriodic  or  muriatic  ethers^  and  so  in  similar 
simple  proportions  of  volume  in  other  cases.  But  this  evi- 
dence is  very  insecure,  as  we  might  show  nearly  as  simple 
gaseous  relations  upon  other  and  very  improbable  points  of 
view.  Its  combinations  are  generally  formed  indirectly,  as 
from  alcohol  or  ether,  but  it  combines  immediately  with 
iodine,  chlorine,  and  sulphuric  acid. 

Anhydrous  sulphuric  acid  absorbs  etherene  in  large 
quantity,  forming  white  crystals,  which,  when  dissolved  in 
water,  constitute  tsethionic  add,  identical  in  every  respect 
with  that  formed  as  described  (p.  907).  When  dry,  its  com- 
position is  SsOa  +  C4H4 ;  but  when  in  contact  with  water,  it 
combines  with  two  atoms  thereof  and  becomes  isomeric  with 
sulphovinic  acid.  That  it  differs  from  it  essentially  in  consti- 
tution is  shown,  by  its  salts  giving  a  mixture  of  sulphate  and 
sulphite  when  fused  with  potash ;  the  sulphurous  element  is 
therefore  as  hyposulphuric  and  not  sulphuric  acid,  and  its 
rational  formula  is  S3O54-C4H4O.  This  isethionic  acid  is 
much  more  energetic  than  the  sulphovinic ;  it  decomposes  all 
salts  of  organic  acids;  its  own  salts  are  all  soluble  and 
crystallizable,  and  sustain  a  heat  of  450^  without  decompo- 
sition. 

If  a  jarof  olefiantgasc,  be  inverted  in  the  pneumatic  trough, 
over  a  capsule  b,  as  in  the  figure,  and  bubbles  of  chlorine  be 
passed  up  into  it,  both  gases  disappear 
and  a  heavy  oily  liquid  collects  in  the  cap- 
sule, the  formation  of  which  gave  to  the 
gas  its  common  name  of  olefiani  gas.  In 
this  process  a  quantity  of  gas  is  totally 
decomposed,  and  muriatic  acid  is  evolved 
IJ^^J^  in  great  quantity,  but  the  oil  results  from 
^•^  the  direct  union  of  the  chlorine  and  ethe- 
rene, its  formula  being  C4H4.CI2.  I  will  name  it  chlor-etherene^ 
but  it  is  called  the  ail  of  the  Dutch  chemisiSy  as  it  was  first 
formed  by  the  members  of  a  scientific  association  in  Holland. 
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When  quite  pure  it  is  colourless,  of  a  sweet  ethereal  odour. 
Its  specific  gravity  =  1*25;  it  boils  at  180^  ;  it  bums  with  a 
greenish  flame,  giving  off  muriatic  acid ;  the  specific  gravity 
of  its  vapour  is  S421.  Exposed  to  an  excess  of  chlorine  it 
is  decomposed,  hydrogen  being  removed  and  replaced  by 
chlorine ;  a  volatile  oily  liquid  C4HfCl4>  and  ultimately  ses- 
qmchhride  of  carbon  C4.CI6  are  produced. 

The  chlor-etberene  is  not  decomposed  by  a  watery  so- 
lution of  potash,  but  if  it  be  dissolved  in  an  alcoholic  solution 
of  that  alkali,  and  gently  warmed,  chloride  of  potassium  is 
formed  and  a  peculiar  body  produced,  whose  composition  is 
expressed  by  the  formula  C4H3CI.  This  substance  is  gaseous; 
of  a  garlic  odour,  burning  with  difficulty  with  a  smoky  red 
flame;  its  specific  gravity  is  2166.  It  is  evident  that  the 
chlor-etherene  may  be  considered  as  a  compound  of  this  gas 
with  muriatic  acid,  C4H3CI  +  HCt,  in  which  case,  the  action 
of  the  potash  is  easily  explained.  This  gas  itself  is  supposed 
to  be  a  chloride  of  the  same  carbo-hydrogen  as  is  the  basis 
of  acetic  acid  and  aldehyd,  (C4H3),  or  acetyl^  and  the  defiant 
gas,  on  this  view,  is  hydruret  of  acetyl^  C4H3  +  H,  or  AcH. 
The  further  discussion  of  this  opinion  will  be  reserved  for 
another  place.  If  the  gas,  C4H3CI,  be  passed  over  per- 
chloride  of  antimony,  it  coiAbines  with  more  chlorine  and 
forms  a  liquid,  which  boils  at  S40^,  and  consists  of  C4H3C13; 
by  an  alcoholic  solution  of  potash  this  is  decomposed  into 
muriatic  acid,  and  another  body  also  liquid,  but  boiling  at 
86®,  and  having  the  formula  C4Hafcl8.  By  contact  with  chlo- 
rine, this  produces  the  liquid  C4H2CI4,  noticed  in  the  pre- 
ceding paragraph,  as  obtained  directly  from  chlor-etherene, 
and,  as  the  next  stage,  the  sesquichloride  of  carbon. 

If  a  mixture  of  defiant  gas  and  vapour  of  ether  be  acted 
on  by  chlorine,  an  oily  liquid  is  obtained,  which  boils  at 
350^  and  consists  of  C4H4CIO  ;  it  is  called  chlor-etheraly  but 
is  properly  a  compound  of  aldehyd  and  the  chlor-etherene, 
C4H4CU+C4H4O,. 

Bromine  combines  with  defiant  gas,  with  the  same  phe- 
nomena as  chlorine,  and  gives  rise  to  a  similar  series  of  com- 
pounds, which  it  is  consequently  unnecessary  to  detail. 
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Iodine  absorbs  defiant  gas  abundantly,  and  forms  a  white 
crystalline  substance,  which  melts  at  180°,  and  may  be  sub- 
limed if  air  be  not  present.  It  is  soluble  in  alcohol,  inso- 
luble in  water;  its  formula  is  C4H4I3,  but  the  products  of  its 
decomposition  are  not  similar  to  those  of  the  chlorine  com- 
pound. 

When  bichloride  of  platinum  is  dissolved  in  alcohol,  a 
very  complex  reaction  occurs,  and  a  substance  is  produced, 
consisting  of  Pt.CI  -|-  C2H2.  This  body  combines  with  the 
chlorides  of  the  alkaline  metals  to  form  double  salts.  On 
Berzelius'  view,  the  C2H2  being  a  compound  radical  {elayl) 
may  be  supposed  simply  to  replace  the  second  atom  of  chlo- 
rine; and  thus  form  an  elayl-chloride  of  platinum,  which 
has  the  same  power  of  forming  double  salts  as  the  ordinary 
bichloride.  They  are  thus  (Pt  +  El.Cl)  +  K.C1  and  (Ft  4- 
El-Cl)  +  NaCl,  &c. 

Of  the  ProdticU  of  the  Oxidation  of  Alcohol,  Aldehyd, 
Hypo^cetotM  Acid.  Eq.  555*6  or  44*2. 

It  has  been  mentioned,  in  speaking  of  nitrous  ether,  that 
by  the  oxidation  of  alcohol,  we  obtain  a  crowd  of  products, 
as  aldehyd  and  acetic  acid,  formic^  malic,  and  oxalic  acids ; 
these  last  are  secondary  products  of  the  too  violent  reaction, 
and  the  result  of  the  true  oxidation  of  alcohol  is  found  to  be 
aldehyd,  or  acetic  acid,  according  to  the  point  at  which  the 
process  stops.  The  formation  of  acetic  acid  thus  directly 
from  alcohol,  constitutes  the  acetic  fermentation. 

Although  aldehyd  is  formed  when  nitric  acid  acts  on  al- 
cohol, yet  from  the  other  products  being  difficult  to  separate, 
it  is  not  so  prepared ;  a  large  quantity  of  it  is  generated  in 
the  destructive  distillation  of  wood,  and  it  may  be  obtained  in 
the  rectification  of  the  pyroxyUc  spirit.  The  most  ordinary 
process  is  that  given  by  Liebig ;  six  parts  oil  of  vitriol  with 
four  of  water,  four  of  spirit  of  wine,  and  six  of  black  oxide 
of  manganese,  are  to  be  distilled  with  a  very  gentle  heat,  and 
the  product  collected  in  a  receiver  surrounded  with  melting 
ice.     The  apparatus  described  for  preparing  ether,  (p.  900), 
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should  be  employed.  The  process  is  completed  as  soon  as 
the  materials  in  the  retort  cease  to  froth  up.  I  have  found 
a  purer  product  to  be  obtained  by  distilling  at  a  very  gentle 
heat,  two  parts  of  spirit  of  wine  with  three  of  bichromate  of 
potash,  three  of  oil  of  vitriol,  and  six  of  water ;  the  two  last 
being  previously  mixed  and  allowed  to  cool.  To  obtain  the 
aldehyd  absolutely  pure,  it  is  to  be  combined  with  ammonia, 
and  the  crystallized  aldehydrammmua  decomposed  by  dilute 
sulphuric  acid,  distilled  in  a  water  bath  at  \9Xf  with  the 
greatest  care,  and  rectified  over  fused  chloride  of  calcium. 

Aldehyd  is  a  colourless  liquid,  of  an  agreeable  but  suf- 
focating odour ;  it  boils  at7P;  it  is  lighter  than  water;  it 
mixes  with  water,  alcohol,  and  ether:  it  b  neutral,  and 
inflammable,  burning  with  a  blue  flame ;  in  contact  with 
oxidizing  agents,  it  is  changed  into  acetic  acid,  passing 
through  an  intermediate  state  of  aldehydie  acid.  On  this 
fact  is  founded  its  most  characteristic  property;  if  any  liquor 
containing  aldehyd  be  added  to  a  solution  of  the  ammoniacal 
nitrate  of  silver,  and  gently  heated,  the  silver  is  deposited  as 
a  brilliant  metallic  film,  Uning  the  sides  of  the  vessel  like  a 
mirror,  and  in  the  liquor  is  found  aldehydate  of  silver ;  if  to 
this  potash  be  added,  oxide  of  silver  precipitates,  and  on  boiling 
for  a  moment,  it  is  reduced  to  the  state  of  metallic  sUver,  and 
acetate  of  potash  is  formed.  From  the  composition  of  alde- 
hyd, these  changes  are  at  once  explained.  It  is  formed  by 
the  abstraction  of  two  atoms  of  hydrogen  from  alcohol,  which 
are  carried  away,  as  water,  by  the  oxygen  supplied;  its  for- 
mula is  hence,  C4H4O3:  now  in  contact  with  AgO,  it  forms 
first,  aldehydie  acid,  C4H4O3  and  metallic  silver,  and  then 
C4H4O3  with  AgO,  gives  hydrated  acetic  acid  C4U4O4  and 
another  quantity  of  silver.  The  formation  of  acetic  acid  from 
alcohol  consists,  therefore  in  two  stages,  first,  the  abstraction 
of  hydrogen  by  which  aldehyd  is  formed,  and  second,  the 
addition  of  oxygen  by  which  acetic  acid  is  produced. 

When  aldehyd  is  heated  in  a  solution  of  potash,  this 
becomes  brown,  and  by  an  acid  a  solid  brown  substance  sepa- 
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rates,  which  is  fusible  and  possesses  many  properties  of  a 
resin.    This  also  is  a  very  distinctive  character  of  aldehyd. 

When  long  kept^  aldehyd  undergoes  an  isomeric  change 
into  two  bodies,  one  liquid,  elaldehyd^  the  other  solid,  metal' 
dehyd  ;  they  have  the  same  formula  as  aldehyd,  C4H4O9  but 
differ  in  aU  their  properties. 

The  general  characters  of  aldehyd  show,  that  it  contains 
the  same  radical  as  acetic  acid,  acetyl^  C4H3,  or  Ac,  combined 
with  oxygen ;  it  is  therefore,  kydraled  oxide  qfticetyl,  AcO 
+  Aq.  =:  C4H4O2;  it  has  been  called  also  hypoacetaus  acid, 
for  it  is  capable  of  perfectly  neutralizing  ammonia.  Its  com- 
pound with  ammonia  is  indeed  very  remarkable ;  it  is  best 
prepared  by  dissolving  aldehyd  in  ether,  and  passing  am- 
moniacal  gas  into  the  liquor ;  the  cddehyd-ammorUa  being 
very  sparingly  soluble  in  ether,  crystallizes  as  it  forms  in 
large  hexagonal  plates,  which  are  very  brilliant  and  colour- 
less. Their  solution  in  water  soon  decomposes,  becoming 
brown  and  exhaling  an  animal  smell.  The  dry  crystals  may 
be  fused  and  sublimed  without  alteration  ;  their  formula  is, 
C4H3O  +  HO.NH3. 

Aldehyd  is  formed  also  by  the  direct  action  of  the  air  on 
alcohol;  this  may  be  facilitated  very  much  by  means  of 
spongy  platina  which  contains  much  oxygen  condensed  in  its 
pores,  but  the  process  is  of  more  interest  in  consequence  of 
another  body  which  then  forms,  and  which  cannot  be  other- 
wise generated  ;  it  is  acetcd.  To  prepare  it,  a  large  bell-glass  is 
taken^  open  above,  and  standing  in  a  basin,  so  supported  as  to 
allow  the  air  inside  to  be  frequently  renewed,  as  in  the  fig. ; 
through  the  top  passes  the  tube  of  a  small 
funnel  a,  under  which  is  a  watch  glass  6,  with 
a  layer  of  platina  black  (p.  669).  Into  the 
funnel  strong  alcohol  is  poured,  so  that 
from  time  to  time  a  drop  falls  into  the 
watch-glass ;  being  thus  presented  to  oxy- 
gen in  a  favourable  condition,  it  is  decom- 
^^  posed,  and  aldehyd,  acetic  acid,  and  acetal 
-     are  formed.     These  liquids  are  vaporized 
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by  the  heat  eyolved,  but  condense  on  the  sides  of  the  bell- 
glass,  and  flowing  down,  collect  in  the  basin  underneath. 
By  processes  detailed  in  the  systematic  works,  the  acetal  is 
purified.  It  is  a  colourless  liquid,  boiling  at  200° ;  its  odour 
is  agreeable ;  its  formula  is  C8H9O3,  and  it  appears  to  be  a 
compound  of  aldehyd  and  ether,  C4H4O8  +  C4H5O. 

The  aldehydie  add — acetous  acid — ^as  already  noticed, 
is  formed  by  the  partial  oxidation  of  aldehyd;  but  it  appears 
to  be  produced  also  under  the  circumstances  of  slow  com- 
bustion described  in  p.  £86,  along  with  acetic  and  formic 
acids.  It  is  obtained  pure  by  decomposing  its  silver  salt  by 
sulphuret  of  hydrogen  ;  forming  a  liquor  of  an  agreeably 
acid  taste. 

0/ Acetic  Acid—Finegar.—Eq.  755-6  or  61*2. 

As  all  alcoholic  Uquors  are  liable  to  undergo  spontaneous 
decomposition,  and  form  vinegar,  this  acid  has  been  knowD 
from  the  earliest  ages,  as  produced  by  the  acetous  fermeih 
tatian  ;  its  origin  was  however  long  wrapped  in  obscurity, 
for  the  complex  constitution  of  the  fermented  liquors,  in 
which  it  was  ordinarily  produced,  prevented  the  simple 
nature  of  the  change  from  being  understood.  It  is  now  fiilly 
established,  that  the  change  from  alcohol  to  acetic  acid  con- 
sists simply  in  the  removal  of  two  atoms  of  the  hydrogen  of 
the  alcohol,  and  addition  of  two  atoms  af  oxygen ;  these 
actions  not  being  simultaneous,  but  successive,  and  aldehyd 
being  the  intermediate  product,  thus : 

Alcohol  C4H6O2,  and  Aldehyd  C4H4O, 

gives  by  —  Hj  gives  by    +  O^ 

Aldehyd  C4H4OJ      Hydrated  Acetic  Acid  C4H4O4 
By  means  of  chromic  and  nitric  acids,  but  especially  by  the 
platinum  black  as  described  just  now,  this  reaction  may 
be  carried  on  with  perfect  accuracy  and  distinctness. 

But  if  we  place  ourselves  in  the  actual  condition  of  practice, 
the  theory  of  the  acetous  fermentation  becomes  much  more 
difficult;  for  exactly  as  a  pure  solution  of  grape  sugar  will 
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not  break  up  into  alcohol  and  carbonic  acid^  and  that  a  cause 
of  disturbance  is  necessary  in  order  to  enable  the  new  arrange- 
ment of  its  particles  to  occur;  so  do  we  find  it  to  be  in 
changing  alcohol  into  acetic  acid.  Pure  alcohol,  whether 
weak  or  strong,  absorbs  no  oxygen  by  mere  exposure  to  the 
air,  and  hence  forms  no  vinegar;  it  is  necessary  there  should 
be  another  body  more  liable  to  decomposition,  (ferment), 
which  abstracting  oxygen  from  the  air  for  the  purpose  of  its 
own  decomposition,  may  confer  upon  the  molecules  of  alcohol 
such  instability  of  structure,  as  will  admit  of,  and  cause  the 
similar  absorption  of  oxygen  by  them.  The  ferment,  in  de- 
composing, evolves  water  and  carbonic  acid;  the  alcohol 
evolves  water  only,  but  absorbs  the  oxygen  from  the  air.  The 
platinum  black,  in  the  process  that  has  been  described,  sup- 
plies the  place  of  the  ferment.  In  making  vinegar  from  malt 
liquors  or  from  wine,  they  are  placed  in  hogsheads,  partially 
full,  and  left  more  or  less  exposed  to  the  air  according  to 
circumstances.  To  supply  oxygen,  the  air  must  have  access, 
but  if  the  air  were  very  rapidly  renewed,  a  large  quantity  of 
the  volatile  aldehyd  would  be  carried  off.  These  solutions 
contain  abundance  of  organic  matter,  proper  for  acting  as 
ferment,  and  when  the  fermentation  is  complete,  the  pro- 
ducts of  their  decomposition  collect  upon  the  bottom  and 
sides  of  the  vats,  in  gelatinous  mass,  termed  mothers. 

The  manufacture  of  wine  or  malt  vinegar  by  the  old 
process  of  mere  partial  exposure  to  the  air  in  vats,  consum- 
ed much  time,  and  is  almost  superseded  by  the  German 
method,  by  which  excellent  vinegar  may  be  made  in  thirty- 
six  hours.  A  cask  is  to  be  filled,  as  in  the  figure,  with  wood 
shavings,  and  closed  at  the  top  by  a  pan  b, 
the  bottom  of  which  is  perforated  with  a 
number  of  small  holes,  through  which  short 
threads  are  passed  to  bring  down  the  liquid 
more  rapidly.  The  shavings,  before  being 
used,  are  well  steeped  in  vinegar,  which  is,  it- 
self, one  of  the  most  active  ferments.  Below, 
at  c  c,  is  a  circle  of  holes  about  half  an  inch  diameter,  by  which 
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the  air  may  enter,  which  then  escapes  above  by  a  number  of 
tubes  which  pass  through  the  pan  and  are  left  white  in  the 
figure.  If  now  we  take  a  spirit  containing  about  one  part  of 
proof  spirit  to  four  of  water,  and  having  mixed  with  it  Ti^th 
of  honey  or  yeast,  pour  it  into  the  pan  above,  it  trickles 
down  the  orifices  by  the  threads,  and  spreading  over  the 
shavings,  has  its  surface  enormously  extended.  It  absorbs 
oxygen  very  rapidly,  and  having  been  warmed  to  about  75^ 
before  being  poured  in,  its  temperature  soon  rises  to  100^ ; 
the  interior  being  so  hot,  a  current  of  air  is  established 
through  the  vessels,  by  which  a  constant  supply  of  oxygen  is 
kept  up.  According  as  the  liquid  passes  down,  it  escapes 
through  the  pipe  at  the  bottom,  and  is  collected  in  the  vessel 
a ;  when  it  has  passed  through,  three  or  four  times,  it  is  found 
to  be  converted  into*  excellent  vinegar,  and  the  whole  time 
occupied  is  only  between  twenty-four  and  thirty-six  hours. 

The  manufacture  of  vinegar  by  the  distillation  of  wood, 
will  be  described  in  another  place. 

The  vinegar  of  commerce  has  firequently  its  pungency 
and  acidity  increased  by  the  addition  of  acrid  herbs,  as  cap- 
sicum, and  by  sulphuric  acid.  To  obtain  it  free  from  these 
impurities  it  is  redistilled.  Asy  however,  its  volatility  is  about 
the  same  as  that  of  water,  it  cannot  be  concentrated  in  that 
way,  and  hence  the  strong  acetic  acid  must  be  obtained  by 
the  decomposition  of  its  salts  by  a  stronger  acid.  For  this 
purpose,  one  part  of  acetate  of  soda,  which  has  been  dried  at 
a  gentle  heat,  is  to  be  distilled  with  two  parts  of  oil  of 
vitriol ;  so  much  heat  is  evolved  by  the  mixture  that  a  quan- 
tity of  the  acetic  acid  distils  over  spontaneously,  and  to  com- 
plete the  decomposition  only  a  very  moderate  heat  need  be 
applied.  In  this  process,  SO3  +  Aq  and  NaO  +  C4H3O3 
give  SO3  +  NaO  and  C4H3O3  +  Aq.  The  acid  which  passes 
over  generally  contains  some  sulphurous  acid,  arising  from 
its  secondary  action  on  the  oil  of  vitriol ;  in  order  to  separate 
this,  it  is  rectified  over  some  peroiLide  of  lead  with  which  the 
sulphurous  acid  forms  sulphate  of  lead.  The  liquid  acetic 
acid  which  distils  is  then  to  be  exposed  to  a  cold  of  about 
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23^9  and  the  crystals  which  form  are  to  be  separated  from 
the  liquid  portion ;  these  crystals  are  the  protohydrate  of 
acetic  acid^  and  its  most  concentrated  form. 

Acetic  acid  may  be  prepared  also  by  distilling  acetate  of 
lead  with  oil  of  vitrioli  or  by  the  destructive  distillation  of 
acetate  of  copper ;  by  this  last  method  an  acid  is  obtained 
{radical  wnegar)  of  an  agreeable  aromatic  odour^  from  an 
admixture  of  acetone.  The  acetate  of  potash  is  prescribed 
by  the  Dublin  Pharmacopoeia,  but  as  acetate  of  soda  is  found 
abundant  and  cheap  in  commerce,  it  is  now  exclusively  em- 
ployed. 

The  hydraied  acetic  acid,  when  free  from  any  excess  of 
water,  crystallizes  at  50®,  in  large  white  plates,  which  do 
not  again  become  liquid  until  heated  above  60® ;  it  is  hence 
called  ^2ac»a/  acetic  acid;  its  odour  is  very  characteristic 
and  pungent;  its  taste  caustic;  it  blisters  the  skin;  it  mixes 
with  water,  alcohol  and  ether,  and  dissolves  camphor  and 
essential  oils,  which  solution  constitutes  the  aromatic  vinegar 
of  the  shops.  When  liquid,  its  sp.  gr.  is  1*063;  but  its  spe- 
cific gravity  does  not  indicate  its  strength,  as  it  increases  ac- 
cording as  water  is  added  until  it  becomes  1*078,  which  is 
that  of  an  acid,  containing  34*6  per  cent.,  or  three  atoms  of 
water ;  being  a  definite  compound,  C4H3O3  +  HO  +  SAq. 
On  further  dilution,  the  sp.  gr.  again  diminishes,  and  an  acid 
containing  64  per  cent  of  water,  has  a  sp.  gr.  of  1*063,  the 
same  as  that  of  the  most  concentrated  acid.  The  strength 
of  any  acetic  acid  may,  however,  be  very  simply  found  by 
immersing  in  it  a  weighed  piece  of  white  marble,  and  weigh- 
ing it  again  when  the  acid  has  been  completely  neutralized ; 
the  loss  of  weight  gives  pretty  accurately  the  quantity  of 
acetic  acid,  as  the  atomic  weight  of  CaO.C02  (50*5)  is  nearly 
the  same  as  that  of  C4H3O3.  (51*2)  ;  of  course,  if  the  acetic 
acid  be  not  pure,  this  method  cannot  be  employed. 

The  formula  of  hypothetic  dry  acetic  acid  is  C4H3O3,  and 
its  equivalent  =  51*2.  The  acetate  of  water  C4H3O3  +  Aq. 
consists  of, 
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4  equivalents  of  carbon       =24*20         4020 
4*  "  hydrogen  =    4-00  6-64 

4  "  oxygen     =3200         53-16 

60-20       10000 

The  hydrated  acetic  acid  boils  at  240^.  The  specific 
gravity  of  its  vapour  is  2278,  and  is  anomalous  as  showing 
that  its  equivalent  volume  is  S,  in  place  of  4  or  2,  as  occurs 
with  almost  all  other  organic  bodies. 

The  products  of  the  decomposition  of  acetic  acid  by 
chlorine  and  by  bases  will  be  hereafter  noticed  ;  with  power- 
fully oxidizing  bodies,  it  yields  formic,  oxalic,  and  carbonic 
acids. 

Acetic  acid  is  recognized  by  its  peculiar  odour  and  its 
volatility;  it  reddens  litmus  powerfully;  its  solutions  are 
precipitated  by  the  nitrates  of  silver  and  of  black  oxide  of 
mercury,  giving  white  crystalline  salts,  sparingly  soluble  in 
cold  water.  But  even  strong  solutions  are  not  affected  by 
the  salts  of  lead  or  barytes.  It  combines  with  all  bases  form- 
ing salts,  of  which  none  are  quite  insoluble  in  water,  but 
generally  very  soluble  and  easily  crystallized.  The  most 
important  of  these  acetates  will  now  be  described. 

Acetate  of  Potash. — KO.C4H3O3-  Is  formed  by  neutra- 
lizing acetic  acid  by  meaas  of  pure  carbonate  of  potash.  The 
solution  is  generally  evaporated  at  once  to  dryness,  and  the 
salt  fused  at  a  dull  red  heat,  in  order  to  obtain  it  quite  white. 
It  forms  on  cooling  a  foliated  mass,  greasy  to  the  feel.  From 
its  concentrated  solution  it  may  be  obtained  also  in  delicate 
crystals.  It  is  very  deliquescent,  and  dissolves  copiously  in 
alcohol. 

Acetate  of  Soda — NaOX4H403  +  6Aq.  May  be  obtained 
in  the  same  way  as  acetate  of  potash,  but  is  made  on  the 
large  scale  in  purifying  the  rough  wood-vinegar.  The  im- 
pure acetate  of  lime,  obtained  by  neutralizing  the  pyrolig- 
neous  liquors  with  chalk,  is  decomposed  by  6^  times  its 
weight  of  crystallized  sulphate  of  soda.  These  are  in  the 
proportion  of  two  equivalents  of  Glauber^s  salt,  as  but  one- 
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half  of  the  quantity  added  is  decomposed  by  the  acetate  of 
lime.  It  answers  still  better  to  neutralize  the  acid  liquors  by 
sulphuret  of  sodium^  prepared  by  roasting  Glauber's  salt 
with  small  coal,  as  for  making  soda-ash,  (p.  808). 

When  purified  by  successive  crystallizations, 
the  acetate  of  soda  forms  oblique  rhombic 
prisms,  as  i,  tr,  in  the  figure,  with  many  se- 
condary planes,  as,  a,  e^  o.  These  contain  six 
atoms  of  water.  It  is  permanent  in  the  air; 
soluble  in  three  parts  of  cold  and  in  one  of  boiling  water;  at 
a  red  heat  it  melts.  Its  principle  use  is  in  the  preparation 
of  acetic  acid. 

Acetate  of  Barytes.—BaO.C4H303.  Is  formed  by  neutra- 
lizing acetic  acid  with  carbonate  of  barytes,  or  sulphuret  of 
barium.  It  crystallizes  in  oblique  rhombic  prisms  ;  by  heat 
it  is  completely  decomposed  into  carbonate  of  barytes  and 
acetone,  (BaO.COj  and  C3H3O). 

Acetate  of  Lime  is  made  on  the  large  scale,  but  in  a  very 
impure  form,  as  one  stage  in  the  process  of  purifying  the 
wood-vinegar.  When  pure  it  crystallizes  in  needles,  which 
do  not  deliquesce.  It  is  decomposed  by  heat  in  the  same 
way  as  the  preceding  salt 

Acetate  of  Alumina  is  of  considerable  technical  impor- 
tance from  its  use  as  a  mordant  in  dyeing.  It  is  formed  by 
mixing  solutions  of  alum  and  of  acetate  of  lead,  when  to  be 
employed  in  the  arts.  The  solution  then  contains  much 
acetate  of  potash.  To  obtain  it  pure,  the  simple  sulphate  of 
alumina  should  be  decomposed  by  acetate  of  barytes.  Evapo- 
rated at  a  very  gentle  heat,  it  dries  into  a  transparent  gummy 
mass;  but  if  boiled,  acetic  acid  passes  off,  and  a  batic  ace* 
tote  of  alumina  is  deposited  as  a  white  powder.  This  effect 
is  produced  also  by  contact  with  linen  or  cotton  cloth,  the 
acetic  acid  becoming  free.  A  piece  of  calico  is  thus  mor- 
danted  uniformly  by  immersion  in  a  bath  of  acetate  of  alumina, 
and  then  dried  at  about  80^ ;  or  it  is  mordanted  partially,  so 
as  subsequently  to  form  a  coloured  pattern,  by  being  printed 
with  the  solution  of  this  salt,  thickened  with  gum  or  starch 


930  ACETATES  OF  ZINC  AND  IRON. 

in  order  that  it  may  not  spread  ;  on  being  then  dried  by  pass- 
ing over  warm  cylinders,  the  acetic  acid  passes  off,  and  the 
alumina  fixes  itself  upon  the  tissue. 

Acetate  qf  Zinc* — ZnO.C4H303  +  3Aq.  Metallic  zinc 
dissolves  in  acetic  acid,  evolving  hydrogen;  but  this  salt  is 
generally  prepared  by  mixing  solutions  of  acetate  of  lead  and 
sulphate  of  sine,  and  separating  the  sulphate  of  lead  which 
is  formed,  by  filtration.  On  evaporating  the  solution  the 
acetate  of  zinc  crystallizes  in  brilliant  soft  hexagonal  rhombic 
tables,  as  in  the  figure,  of  which  t,  ti,  are  pri- 
mary and  m  a  secondary  face.  They  are  un- 
alterable in  the  air,  but  very  soluble  in  water. 
When  boiled  with  alcohol,  a  bane  acetate  of 
zinc  precipitates,  3ZnO  +  C4H303.  A  solu- 
tion of  this  salt  is  completely  decomposed  by  sulphuret  of 
hydrogen. 

ProtO'Ocetate  of  Iron. — FeO.C4H303.  This  salt,  which  may 
be  prepared  by  dissolving  protosulphuret  of  iron  in  acetic 
acid,  forms  a  colourless  solution,  which  yields,  when  evapo- 
rated in  vacuO)  pale  green  prisms,  which  attract  oxygen  with 
great  avidity.  It  cannot  be  formed  by  decomposing  proto- 
sulphate  of  iron  by  acetate  of  lead,  as  only  a  portion  of  the 
lead  Bait  precipitates,  until  the  iron  becomes  peroxidized. 

SesquiHieetateoflron. — FcjOa  +  3(C4H303).  Is  prepared 
by  dissolving  red  oxide  of  iron  in  acetic  acid,  or  by  decom- 
posing red  sulphate  of  iron  with  acetate  of  barytes.  It 
forms  a  brownish  red  solution,  which  when  boiled,  gives  oflT 
acetic  acid  and  oxide  of  iron  separates.  By  very  cau- 
tious evaporation,  a  dark  red  gummy  mass  may  be  ob- 
tained, which  redissolves  in  cold  water.  It  thus  resembles 
closely  acetate  of  alumina,  and  like  it  serves  in  dyeing  as  a 
mordant,  to  fix  upon  the  cloth  oxide  of  iron  with  which  the 
colouring  matters  may  combine;  being  roughly  prepared  by 
digesting  old  iron  in  the  impure  acetic  acid  firom  wood,  it  is 
commonly  termed  pyroUgnite  of  Iron. 

A  Tincture  cf  Acetaie  of  Iron  is  employed  in  medicine, 
which,  as  directed  by  the  Dublin  Pharmacopoeia,  is  formed 
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by  triturating  together  protosulphate  of  iron  and  acetate  of 
potash,  and  digesting  in  alcohol;  in  order  that  the  solution 
shall  have  the  rich  wine  red  colour  which  is  required,  the 
mixture  of  the  salts  should  be  left  for  a  little  time  pasty,  so  as 
to  absorb  oxygen,  and  there  should  be  present  an  excess  of 
acetate  of  potash*  The  iron  is  present  in  these  tinctures,  as 
black  oxide.  If  too  much  sesquioxide  be  formed,  the  solu- 
tion decomposes  very  easily,  red  oxide  of  iron  separating, 
and  acetic  ether  and  aldehyd  being  produced.  If  the  pro- 
toxide be  present  in  excess,  the  colour  is  a  brownish-yellow, 
and  the  preparation  is  liable  to  spoil  when  oxygen  has  sub- 
sequently access  to  it.  Although  the  acetate  of  potash  does 
not  form  a  true  double  salt  in  this  case,  yet  it  gives  much 
greater  stabQity  to  the  acetates  of  iron. 

Acetates  of  Lead. — Acetic  acid  forms  with  oxide  of  lead, 
four  well  characterized  salts. 

Neutral  Acetateof  Lead.— Sugar  of  Lead.— PhO.C^H^O^ 
+  3Aq.  Is  prepared  by  dissolving  litharge,  or  white  lead,  in 
acetic  acid,  of  which  a  slight  excess  should  be  used.  The 
liquors  yield  by  evaporation,  right  rhombic  prisms  with  di- 
hedral summits,  as  in  the  figure,  which  are  very  bright  and 
^.ift^>^  colourless.  Their  taste  is  sweet  and  as- 
.  tringent ;  the  solution  in  water  reddens 
I  litmus,  but  turns  sirup  of  violets  green.  In 
J  very  dry  air  they  effloresce ;  when  heated 
to  136^,  they  undergo  aqueous  fusion, 
but  having  lost  their  water  of  crystal- 
lization become  solid  again.  The  dry  salt,  thus  obtained, 
fuses  again  at  a  higher  temperature,  and,  without  blackening, 
is  decomposed  into  carbonic  acid,  acetone,  and  sesquibasic 
acetate  of  lead  which  remains :  8(PbO.C4H303)  giving  CO^ 
with  C3H3O  and  3PbO  +  2C4H303. 

This  neutral  salt  dissolves  easily  in  alcohol ;  it  is  very 
poisonous;  the  antidote  to  it  is  Glauber's  or  epsom  salt, 
which  forms  insoluble  sulphate  of  lead. 

Sesquibasic  Acetate  ofLead.—SPhO  +  2.C4H303.  This 
salt,  which  is  formed  as  just  described,  dissolves  in  water, 
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and   the   tirupy  solution  crystallisBes  in  pearly  hexagonal 
plates ;  its  solution  reacts  alkaline. 

Triboiie  Acetate  of  Learf.— SPbO  +  €411303.  When  am- 
monia is  added  to  a  solution  of  neutral  acetate  of  lead,  so  as 
to  render  it  strongly  alkaline,  it  does  not  combine  with  it,  as 
with  most  other  metallic  salts,  but  acetate  of  ammonia  and 
tribasic  acetate  of  lead  are  formed ;  it  may  also  be  prepared 
by  boiling  together  six  parts  of  crystallized  acetate  of  lead, 
seven  of  litharge,  and  thirty  of  water.  Thb  solution,  known 
in  pharmacy  as  extraeium  satumif  gives,  by  evaporation,  a 
mass  of  fine  crystalline  needles ;  it  reacts  powerfully  alka- 
line ;  it  is  insoluble  in  alcohol. 

Sexbasic  Acetate  of  Lead.-SPhO  +  C4H3O3.  Is  preci- 
pitated when  a  solution  of  neutral  acetate  is  added  to  a  great 
excess  of  water  of  ammonia;  it  is  formed  also  when  acetic 
acid  acts  on  metallic  lead  with  access  of  air,  and  is  hence 
generally  present  in  the  certue  of  commerce.  (See  p.  813.) 
It  forms  minute  feathery  crystals,  when  deposited  from  boil- 
ing  water,  in  which  it  is  slightly  soluble. 

All  these  basic  acetates  of  lead  are  decomposed  by 
carbonic  acid,  giving  neutral  acetate  and  carbonate  of 
lead. 

Acetates  of  Copper. — ^The  acetate  of  the  suboxide  of 
copper  is  not  important ;  there  are  four  acetates  of  the  black 
oxide. 

'  Neutral  Acetate  of  Copper— Distilled  FerdigfU.—CuO. 
C4H3O3  -f-  Aq.  Is  prepared  by  dissolving  verdigris  in  acetic 
acid;  it  forms  oblique  rhombic  prisms,  as  in  the  figure, 
where  i  u  u  are  primary  and  e  e,  secondary 
faces  of  a  fine  deep  green  colour.  It  crystal- 
lizes in  another  form  with  five  atoms  of  water; 
these  crystals  are  blue,  like  sulphate  of  cop- 
per, and  when  heated  to  86®,  give  off  4  Aq,  and 
change  into  the  common  green  crystals ;  it 
effloresces  gradually  in  the  air;  when  heated  in  close  vessels 
it  gives  a  mixture  of  acetic  acid  and  acetone ;  in  the  air  it 
takes  fire,  burning  with  a  bright  green  flame. 
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If  a  solution  of  this  salt  be  mixed  with  sugar  or  honey, 
and  heated,  it  deposits  a  green  powder  of  carbonate  of  cop* 
per,  which  changes  into  minute  crystals  of  the  orange  red 
suboxide;  the  liquor  contains  then  abundance  of  formic  acid. 
Bibasic  Acetate  of  Copper —  Ferdigru.—ZCnO  +  C4H3O3 
+  6Aq.  This  salt  is  manufactured  in  wine  countries  by 
stratifying  plates  of  copper  alternately  with  the  residual 
stalks  and  pulp  of  the  grapes,  that  have  passed  into  acetous 
fermentation ;  oxygen  is  absorbed,  and  the  mass  being  occa- 
sionally turned  over  and  moistened,  to  give  access  to  air, 
the  plates  of  copper  become  covered  with  a  crystalline  crust 
of  basic  acetate;  this  is  scraped  off,  made  into  a  paste 
with  vinegar,  and  put  into  moulds,  where  it  is  allowed  to 
dry ;  the  mass  so  formed  contains  all  the  basic  salts,  mixed 
together.  In  this  country  it  is  prepared  by  stratifying  cop- 
per plates  with  cloths  steeped  in  pyroligneous  acid.  When 
pure,  the  bibasic  acetate  is  of  a  fine  blue  colour ;  it  is  de- 
composed by  water  into  the  insoluble  tribasic  acetate,  and 
the  soluble  sesquibasic  acetate  ot  copper,  which  forms  a  pale 
blue  solution,  whence  it  may  be  precipitated  in  crystalline 
scales  by  alcohol. 

Tribasic  Acetate  of  Copper. — S.CuO  +  C4H3O3  +  2Aq. 
Remains  as  an  insoluble  residue  when  verdigris  is  treated 
with  water,  or  by  digesting  a  solution  of  neutral  acetate  with 
oxide  of  copper.  It  is  a  clear  green  powder,  which  deto- 
nates feebly  when  heated.     For  emerald  green,  see  (p.  754). 

Acetate  of  Black  Oxide  of  Mercury — HgjO  -|-  C4H3O3. 
May  be  formed  by  mixmg  boiling  solutions  of  acetate  of 
potash  and  subnitrate  of  mercury,  and  filtering  rapidly.  On 
cooling  it  is  deposited  in  brilliant  white  crystalline  scales, 
which  are  very  sparingly  soluble  in  cold  water,  and  insoluble 
in  alcohol.  The  acetate  of  the  red  oxide  is  very  soluble  in 
water,  and  does  not  crystallize. 

Acetate  of  Silver, — AgO.C4H303.  Is  formed  by  mixing 
boiling  solutions  of  nitrate  of  silver  and  acetate  of  potash, 
and  filtering  the  liquor  whilst  very  hot.  On  cooling  it  crys- 
tallizes in  pearly  white  needles,  which  are  but  very  sparingly 
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soluble  in  cold  water.  These  last  salts  serve  as  tests  for  the 
acetic  acid  in  liquids. 

Acetate  of  Ammonia — NH40.C4H303.  Is  prepared  by 
passing  ammoniacal  gas  over  the  crystalline  hydrate  of  acetic 
acid,  or  by  heating  moderately  a  mixture  of  equal  parts  of 
acetate  of  potash,  and  of  sal-ammoniac.  The  acetate  of  am- 
monia sublimes  mixed  with  a  little  free  acetic  acid ;  it  crys- 
tallizes in  needles^  which  are  very  soluble  in  alcohol  and  in 
water ;  by  exposure  to  the  air  it  loses  ammonia,  and  appears 
to  form  an  acid  salt ;  its  solution  in  water,  prepared  by  neu- 
tralising distilled  vinegar  with  carbonate  of  ammonia,  is  used 
in  medicine  by  the  name  of  spirit  of  mitutererus  ;  in  its  ori- 
ginal form,  when  the  carbonate  of  ammonia,  obtained  by  the 
distillation  of  bones  {salt  of  hartshorn) ,  and  which  contained 
enpyreumatic  animal  oil,  was  used,  it  was  a  much  more  pow- 
erful medicinal  agent  than  when  prepared  as  now,  with  pure 
carbonate  of  ammonia. 

Acetate  of  Ether. —Acetic  Ether C4H5O  +  C4H3O3.  Is 

prepared  by  distilling  16  parts  of  dry  sugar  of  lead,  4iof 
alcohol,  and  6  of  oil  of  vitriol ;  the  product  should  be  recti- 
fied over  some  lime  to  remove  free  acetic  acid ;  this  ether  is 
colourless  and  very  inflammable ;  it  boils  at  165^;  it  is  lighter 
than  water ;  it  is  remarkable  for  being  isomeric  withaldebyd, 
their  per  cent,  composition  being  the  same,  but  the  sp.  gr. 
of  the  vapour  of  acetic  ether  (3063)  is  double  that  of  aldehyd 
(1531). 

Products  of  the  Decomposition  of  Acetic  Acid  by  Heat. 

A.  Of  Pyroacetic  Spirit^  Acetone. 
When  acetate  of  lime  or  barytes  is  heated  to  redness,  the 
acetic  acid  is  completely  decomposed,  an  earthy  carbonate 
remaining,  and  a  volatile  inflanunable  liquid,  of  an  agreeable 
aromatic  odour,  distilling  over;  C4H3O3  separating  itself  into 
CO2  and  CsHaO.  The  metallic  acetates  are  similarly  decom- 
posed, but  the  products  are  not  so  pure.  This  liquid,  for 
which  I  shall  retain  the  name  acetone^  is  formed  also  abun- 
dantly, when  the  vapour  of  acetic  acid  is  passed  through  a 
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tube  containing  charcoal,  at  a  temperature  just  below  red- 
ness. 

Acetone  is  colourless^  lighter  than  water ;  it  burns  with 
a  luminous  flame ;  it  boils  at  132^ ;  the  specific  gravity  of  its 
vapour  is  2022.  When  heated  with  hydrate  of  potash,  it  is 
totally  converted  into  carbonic  acid  and  marsh  gas,  C3H3O 
and  HO,  producing  C2H4  and  COa.  When  treated  by  oxi* 
dising  agents,  as  permanganate  of  potash,  or  bichromate  of 
potash  and  sulphuric  acid,  it  is  totally  converted  into  acetic 
acid. 

With  sulphuric  acid,  acetone  yields  a  series  of  products 
closely  analogous  to  those  derived  from  alcohol,  but  still 
presenting  such  characteristic  differences  as  induce  me  to 
look  upon  them  as  not  simply  extracted  from  acetone,  but 
derived  from  its  total  decomposition.  Thus,  it  gives  a  hydro- 
carbon, fnesitfflene,  whose  formula  is  C6H4,  and  also  an  ether, 
mesitic  eiher,  CeH^O.  With  sulphuric  acid  this  forms  the 
sulphomesitie  and  permlphomesUic  acidst  which  are  remark- 
able, as  the  sulphuric  acid  retains  all  its  power  of  saturating 
bases.  With  phosphoric  acid  it  produces  phosphomesiiic 
acid,  and  with  hypophosphorous  acid  a  very  remarkable 
compound,  whose  barytes  salt  has  the  formula  CeHsO  + 
2BaO.PO.  The  series  of  wine  alcohol  contains  no  similar 
body.  The  mesitic  ether  combines  also  with  protochloride 
of  platinum. 

When  acetone  is  treated  with  chloride  of  phosphorus  it 
gives  phosphoric  acid  and  chlaromesitic  ether,  CeHsCl ;  with 
iodide  of  phosphorus  it  produces  iodomesitic  ether,  CqH^, 
and  when  acted  on  by  chlorine  it  forms  first  the  mesitic 
chloral,  of  which  the  formula  is  C3H3CIO,  and  subsequently 
another  body,  also  a  heavy  oily  liquid,  C3HCI2O. 

When  red  fumes  of  hyponitrous  acid  are  passed  into 
acetone,  and  the  vessel  is  kept  cool,  they  are  copiously  ab- 
sorbed, and,  on  adding  water,  a  dense  fluid  separates,  which 
is  nitrous  mesitic  ether,  CqUsQ  +  NO3. 

By  acting  on  mesitylene,  CaH4,  with  nitric  acid,  a  heavy 
liquid  is  produced,  which  is  termed  mesitic  aldehyd,  its  formula 
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18  CtjHjO  +  Aq.  Its  solution  in  alkaline  liquors  becomes 
brown  after  some  time,  and  precipitates  most  salts  of  the 
heavy  metals.  By  chlorine  the  mesitylene  is  converted  into 
a  crystalline  body,  soluble  in  ether,  aqd  separating  from  it 
in  brilliant  colourless  prisms.  Its  formula  is  CeHaCl.  I  have 
termed  it  chloride  ofpteleyL 

In  my  original  examination  of  this  series  of  bodies,  I  looked 
upon  acetone  as  an  alcohol,  {mesiiic  alcohol)^  C6H602  = 
CgHsO  +  Aq.),  from  which  they  were  all  derived;  but  I  do 
not  now  consider  that  either  mesitylene  or  mesitic  etber 
pre-exists  in  acetone.  The  intimate  nature  of  that  body  re- 
mains yet  to  be  examined. 

B.  Ofifte  Bodies  of  the  Kacodyl  Series. 

When  equal  weights  of  acetate  of  potash  and  arsenious  acid 
are  mixed  and  distilled  at  a  dull  red  heat,  a  dense  colourless 
liquid  is  obtained,  which  had  been  long  known  to  chemists  as 
the  fuming  liquor  of  Cadel>  The  admirable  researches  of 
Bunsen  have  shown  that  it  is  an  oxide  of  a  compound  ra- 
dical, which  he  has  succeeded  in  isolating,  and  which,  in 
the  variety  of  its  combinations  and  the  influence  their  disco- 
very will  doubtless  exercise  on  science,  ranks  with  cyanogen. 
Nevertheless  as  they  are  not  of  practical  importance,  a  short 
notice  of  them  will  suffice. 

The  fuming  Liquor  of  Cadet  or  Alkarsin^  when  purified 
from  acetone  and  other  accidental  products  of  the  distillation, 
is  colourless ;  much  heavier  than  water.  It  freezes  at  —  9^» 
and  boils  at  300^.  The  specific  gravity  of  its  vapour  is  7180; 
its  odour  is  excessively  disagreeable,  provoking  weeping  and 
nausea ;  it  is  actively  poisonous ;  in  contact  with  the  air  it 
fumes  very  much,  and  absorbs  oxygen  so  rapidly » that  if  a 
large  surface  be  exposed,  it  takes  fire  spontaneously  and 
burns  with  a  large  white  flame,  throwing  off  much  arsenious 
acid.  Its  composition  is  expressed  by  the  formula  C4H6ASO9 
and,  in  all  the  combinations  which  it  gives,  the  oxygen  alone 
is  replaced.  Thus,  when  distilled  with  strong  muriatic  acid,  a 
dense  liquid  of  an  insupportable  odour  is  produced,  which 
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gradually  changes  into  a  crystalline  mass,  consisting  of 
C4HeAsCL  By  digesting  this  liquid  with  zinc  and  water,  in 
a  vessel  kept  full  of  pure  carbonic  acid,  chloride  of  zinc  is 
formed,  and  the  radical,  C4H6AS,  is  set  free  ;  this  is  an  oily- 
looking  heavy  liquid,  insoluble  in  water,  and  taking  fire  im- 
mediately on  contact  with  air.  This  is  the  kacodyl^  and  as 
its  symbol  I  shall  adopt  that  used  by  Bunsen^  Kd  =:  C4H6AS. 
The  alkarsine  is  therefore  oxide  of  kacodyl,  KdO,  and  the 
body  formed  by  muriatic  acid  is  the  chloride,  KdCL  The 
iodide,  bromide,  sulphuret,  and  cyanide  of  kacodyl,  may  be 
formed  by  the  simple  process  of  distilling  alkarsine  with  the 
corresponding  hydracids,  or  the  chloride  of  .kacodyl  with 
the  iodides,  &c.,  of  potassium. 

When  alkarsin  is  distilled  with  dilute  muriatic  acid,  or 
when  chloride  of  kacodyl  is  treated  with  water,  this  is  decom- 
posed, and  an  oxy-chloride  obtained,  the  formula  of  which  is 
KdO  -f-  3.KdCl.  In  a  similar  manner  a  corresponding  oxy-bro- 
mide,  KdO  -f-  3.KdBr  may  be  produced,  and  an  oxy-iodide. 

If  alcoholic- solutions  of  oxide  of  kacodyl  and  of  corrosive 
sublimate  be  mixed,  a  brilliant  white  precipitate  is  obtained, 
which  is  soluble  in  water,  and  crystallizes  therefrom  in  large 
but  delicate  rhombic  tables,  of  a  satiny  lustre.  It  is  a  direct 
combination ;  its  formula  being  KdO  +  2.HgCl.  A  precisely 
similar  compound  is  formed  with  the  bromide  of  mercury. 

When  alkarsine  is  exposed  to  the  air,  so  that  it  may  ab- 
sorb oxygon,  but  not  burst  into  flame  ;  it  is  changed  totally 
into  a  white  crystalline  mass ;  at  the  same  time  arsenious 
acid  and  some  volatile  products  are  formed.  The  crystals 
being  dissolved  in  a  small  quantity  of  water,  this  liquor  is 
evaporated  to  dryness,  and  the  residue  dried  by  blotting 
paper,  and  recrystallized  from  alcohol.  The  substance  thus 
obtained  is  termed  alkargene ;  it  forms  large  oblique  prisms, 
which  are  inodorous  and  tasteless ;  it  deliquesces  in  moist 
air ;  it  combines  with  alkalies  and  metallic  oxides,  forming 
very  instable  compounds;  it  melts  at  390^,  and  is  decom- 
posed by  a  stronger  heat.  By  deoxidizing  agents,  as  proto- 
chloride  of  tin,  or  phosphorous  acid,  it  is  reduced  to  the 
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State  of  alkanine ;  it  is  not  poisonous*  Its  composition  is  ex- 
pressed by  the  formola,  C4H7ASO4,  or  Kd-Oa  -f-  Aq.  ;  its 
proper  name  b  therefore  kaeodylie  add. 

C.  Of  Ughi  carlmretied  Hydrogen,  Marsh  Gas. 

This  gas  is  formed  by  the  decomposition  of  almost  every 
organic  substance  at  a  high  temperature.  Thus,  it  exists  al- 
ways^  mixed  with  olefiant  gas,  in  the  coal  or  oil  gas  used  for 
illumination.  It  may  be  formed  by  passing  olefiant  gas 
through  a  red-hot  tube,  when  half  of  its  carbon  is  deposited 
and  its  volume  doubled.  It  is  produced  also  by  passing  the 
vapours  of  alcohol,  of  ether,  or  of  aceUc  acid,  through  bright 
red-hot  tubes  in  a  similar  manner. 

A  very  interesting  source  of  this  gas  is  the  decomposition 
of  vegetable  matter  in  contact  with  water,  but  excluded  from 
the  air.  By  assimilating  the  elements  of  four  atoms  of  water 
the  lignine  breaks  up  into  carbonic  acid,  and  this  gas; 
ChHsO,,  with  4.HO,  giving  6.CO3  and  6.CHs.  As  the  ori- 
gin of  the  great  deposits  of  coal  b  to  be  found  in  the  slow 
decomposition  of  submerged  forests  of  high  antiquity,  this 
gas  was  then  generated  in  large  quantity,  and  being  sub- 
jected to  enormous  pressure  under  the  mineral  strata,  which 
gradually  settled  on  the  vegetable  masses,  it  remained  infil- 
trated through  the  coal,  probably  in  a  liquid  conditicm. 
During  the  operations  of  mining,  when  this  great  pressure 
is  removed,  it  reassumes  its  gaseous  condition,  and  mixing 
with  the  air  of  the  mine,  creates  the  danger  of  explosion, 
against  which  the  genius  of  Humphrey  Davy  provided  by 
the  construction  of  his  safety  lamp,  (see  p.  292).  Under  the 
name  of  the  Jire  damp  this  gas  is  known  and  dreaded  by  the 
miners,  whilst  the  carbonic  acid,  which  results  simultaneously 
from  the  decomposition  of  the  wood,  and  is  known  also  from 
its  fatal  effects  when  breathed,  is  termed  choke  damp. 

This  decomposition  of  wood  goes  on  in  every  muddy 
ditch.  If  the  mud  be  stirred,  numerous  gas  bubbles  will  be 
seen  to  ascend,  and  when  coUepted  will  be  found  to  consist  of 
fire  damp  mixed  with  carbonic  acid ;  hence  this  gas  has  got 
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the  name  otpond  or  marsh  gas.  It  is  obtained,  however, 
most  pure  by  the  decomposition  of  acetic  acid  by  hydrate  of 
potash.  About  equal  parts  of  acetate  of  potash  and  caustic 
potash  are  to  be  well  mixed,  and  heated  in  a  hard  glass  retort 
nearly  to  redness.  The  acetic  acid  and  water  are  simulta- 
neously decomposed,  C4H3O3  and  HO,  producing  2.CH2 
and  2.C02.  This  last  remains  combined  with  the  potash, 
whilst  the  gas  which  passes  off  may  be  collected  over  water. 
It  is  colourless  and  transparent.  It  bums  with  a  yellow 
flame,  possessing  but  little  illuminating  power;  its  sp.  gr« 
is  559 ;  its  formula  being  CH2  and  consisting  of 

One  volume  of  carbon  vapour    ,     .     .    .  =  843*0 
Four  volumes  of  hydrogen =  275*2 

Forming  two  volumes  of  marsh  gas    •    •      1 1 18*2 

Of  which  one  weighs,  therefore     •     .     •        559*1 
Or  it  may  be  considered  as  containing  one  volume  of  defiant 
gas  and  two  hydrogen,  condensed  to  two,  (980*4+ 137*6)  -5- 
2  =  559. 

The  real  atomic  weight  of  the  marsh  gas  is  difficult  to 
determine,  as  it  does  not  form  any  well  defined  combinations. 
There  b  reason  to  suppose  it  to  be  C2H4.  When  acted  on 
by  chlorine,  it  gives  muriatic  acid  gas,  and  bichloride  of 
carbon  (p.  824),  which  has  been  already  noticed. 

Cf  the  Action  of  Chlorine  on  Alcohol,  Aldehyd,  Acetic  Acid, 
and  the  various  Kinds  of  Ethers. 

When  chlorine  gas  is  passed  into  alcohol,  not  absolutely 
anhydrous,  a  heavy  oily  liquid  is  obtained,  known  as  heavy 
muriatic  ether  or  chlorine  ether.  It  is  a  mixture  of  several 
substances  in  indeterminate  proportions. 

When  the  alcohol  is  anhydrous  and  the  gas  quite  dry, 
the  action  is  definite,  and  gives  rise  to  a  remarkable  result. 
Five-sixths  of  the  hydrogen  of  the  alcohol  are  removed,  and 
are  replaced  by  three  of  chlorine,  and  after  the  evolution  of 
a  large  quantity  of  muriatic  acid  gas  a  dense  oily  liquid  is 
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obtained,  to  which  the  name  of  chloral  has  been  given ;  its 
formuU  is  C4HCl30s-  The  first  operation  of  the  dhlorineis  to 
remove  two  equivalents  of  hydrogen,  and  thus  to  reduce  the 
alcohol  to  the  state  of  aldehyd,  just  as  any  other  oxidising 
agent  should  have  done ;  but  then  it  acts  on  the  hydrogen 
of  the  radical,  acetyl,  and  expelUng  it,  takes  its  place,  gene- 
rating a  new  compound  radical,  aeechloryl,  C4CI3.  This  is 
combined  with  oxygen  and  water  in  chloral,  as  acetyl  is  in 
ordinary  aldehyd ;  the  rational  formula  of  chloral  is  there- 
fore C4CI3.O  +  Aq. 

Chloral  combines  with  water,  forming  a  crystalline  hy* 
drate.  It  gradually  changes  into  an  isomeric  porcellanous- 
looking  substance.  The  equivalent  change  of  common  alde- 
hyd has  been  described,  (p.  923).  When  chloral  is  acted  on 
by  a  solution  of  potash,  it  yields  formic  acid  and  chloroform, 
C4HCI3OJ  and  HO,  giving  CjHOa  and  CHClj. 

By  the  action  of  chlorine  on  aldehyd,  chloral  is  directly 
formed. 

When  the  crystallized  acetic  acid  is  exposed  to  the  action 
of  chlorine,  in  bright  sunshine,  a  substance  is  formed  which 
crystallizes  in  brilliant  rhombs,  and  possesses  strong  acid 
properties;  its  formula  is  C4H.CI3O4.  It  is  formed  by  the 
replacement  of  the  hydrogen  of  the  radical,  acetyl,  by  chlo- 
rine, forming  thus  the  chloroHicetic  actd^  C4CI3.O3  +  Aq.  Its 
salts  crystallize  with  facility,  and  have  great  similarity  to  the 
acetates.  When  the  chloracetate  of  potash  is  heated  with 
an  excess  of  potash,  it  is  decomposed  into  carbonic  acid  and 
chloroform ;  C4CI3.O3  and  HO  giving  2.COa  and  C2HCI3. 
This  reaction  is  exactly  similar  to  that  of  the  common  ace- 
tate of  potash,  the  chloroform  replacing  the  pond  gas. 

When  chlorine  acts  upon  sulphuric  elher,  a  remarkable 
series  of  bodies  is  produced ;  the  first  formed  is  a  dense  oily 
liquor,  having  the  formula  C4H3Cla.O.,  which,  by  contact 
with  water  or  an  alkali,  is  decomposed  into  hydrochloric 
and  acetic  acids,  3(C4H3Cl20),  and  6.H0,  producing  6.HC1 
and  3.(0411303.)  This  body  is  properly,  therefore,  oxychlo- 
ride  of  acetyl;  it  is  decomposed  by  sulphuret  of  hydrogen. 
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muriatic  acid  being  given  oflf^  and  an  oxysulphurei  of  acetyl 
being  formed,  which  resembles  it  in  properties. 

In  presence  of  a  great  excess  of  chlorine,  this  oxychlo- 
ride  is  totally  decomposed,  the  chlorine  entering  into  the 
place  of  the  hydrogen  in  the  acetyl,  and  forming  the  same 
radical  as  exists  in  chloral  and  chloroacetic  acid.  The  sub- 
stance thus  produced  is  solid  and  crystalline ;  it  bears  a  very 
simple  relation  to  sulphuric  ether,  as  its  formula  is  C4CI6O., 
being  apparently  ether,  in  which  all  hydrogen  is  replaced  by 
chlorine.    It  may  be  termed  chloryl-ether. 

The  action  of  chlorine  on  the  acetic  and  oxalic  ethers, 
has  thrown  much  light  on  the  theory  of  these  bodies. 

Acetic  ether  combines  with  two  atoms  of  chlorine,  and 
loses  two  atoms  of  oxygen,  thus  giving  from  C4H3O3  +  C4 
HsO,  the  chloracetic  ether  C4H3O3  +  C4H3CI2O,  an  oxychlo- 
ride  of  acetyl,  containing  twice  as  much  acetic  acid  as  that 
just  now  described,  and  its  rational  formula  being,  therefore, 
ACCI3  +  S ACO3. ;  with  potash  it  gives  chloride  of  potassium 
and  acetate  of  potash. 

By  a  stream  of  dry  chlorine  gas,  oxalic  ether  is  totally 
converted  into  a  mass  of  crystalline  plates,  which  are  taste- 
less and  perfectly  neutral ;  this  body  contains  no  hydrogen, 
its  formula  being  C6CI5O4  =  C4CI6O  +  C2O3.  It  is,  there- 
fore,  a  combination  of  oxalic  acid  with  chloryl-ether,  and  is 
termed  chlor-oxalic  ether.  With  water  of  ammonia  it  gives 
oxamide;  by  the  action  of  dry  ammonia,  it  forms  a  sub- 
stance also  crystalline,  which  is  soluble  in  alcohol  and  ether, 
sparingly  soluble  in  water,  and  the  formula  of  which  is 
CgHsCUNOe. ;  at  the  same  time  chloryl-ether  and  water  are 
evolved  ;  the  rational  formula  of  this  body,  chlaroxamethan, 
is  at  once  seen  by  comparing  it  with  the  oxamethan,  formed 
by  ammonia  on  oxalic  ether,  (p.  915).    Thus  : 

2  atonu  oxalic  ether,  C„H,oO„  give  an  atomr  of  oxamethan,  CgHyNO,. 

1  „      ammonia,  NH„  „    an  atom  of  alcohol,  C4H,0  +  Aq. 

In  like  manner, 

2  atoms  of  chloroxalic  ether,  Ci^ClioO,,  give  1  of  chloroxamethan,  CgCI^H^NO^. 
1     „     of  ammonia,  NH3,  „     1  of  chlorine  alcohol,  C^CI^O-l-Aq. 
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The  rational  formula  of  the  chloroxametban  is,  therefore, 
C4CI4O.CO3  +  C,0,.Ad. 

When  chloroxamethan  is  dissolved  in  water  of  ammonia, 
and  the  solution  evaporated,  crystals  are  obtained,  which 
are  ehhrosahvinaie  of  ammonia,  their  formula  being  C8H4 
CI4NO1M  or  in  its  rational  form  C4CI5O.C2O3  +  QtO^lAB^O; 
identical  in  constitution  with  the  ordmarj  oxalovinate  of 
ammonia,  except  that  it  contains  chloryl-ether  m  place  of 
common  ether;  the  chhroxalovinie  acid  itself  has  been  iso- 
lated ;  it  crystallises  in  long  needles,  which  react  acid,  and 
combines  with  all  bases  to  form  well-defined  salts ;  its  formula 
is  C4CUO.CO3  +  C«03.  Aq. 

AcrystaUographic  examination  has  rendered  the  isomer* 
phism  of  the  ordinary  ozamethane  with  the  chloroxame- 
tban exceedingly  probable. 

The  results  of  the  action  of  chlorine  on  the  light  muri- 
atic ether,  have  led  to  remarkable  results.  Regnault  con- 
sidered this  body  as  affording  a  test  experiment  for  the 
actual  presence  of  defiant  gas  in  ether,  for  if  olefiant  gas  be 
AcH,  and  that  muriatic  ether  be  AcH.HCl,  the  result  of  the 
action  of  chlorine  should  be  the  same  on  both  bodies,  as  the 
muriatic  acid  in  the  latter,  could  not  influence  such  a  reac- 
tion. Now  by  acting  on  muriatic  ether  with  chlorine,  a  series 
of  bodies  are  obtained,  isomeric  with  those  arising  from  ole- 
fiant gas,  but  quite  different  in  properties.  Thus  there  is 
first  formed  a  liquid  C4H4CI3;  this  has  the  composition  of 
Dutch  oil;  next  a  liquid  forms,  whose  formula  is  C4H3CI3; 
afterwards  bodies  consi:>ting  of  C4H3CI4  and  C4HCI5  and 
ultimately  C4Cla,  sesquichloride  of  carbon.  Now  the  bodies 
C4H4CIS  and  C4H3CI3,  as  derived  from  olefiant  gas,  are  sepa- 
rated by  potash,  into  C4H3CI  with  HCl,  and  into  C4H2CIS 
with  HCl;  but  the  bodies  C4H4Cla  and  C4H3CI3  from  muriatic 
ether,  are  not  decomposed  by  that  alkali.  I  do  not,  how- 
ever, believe  in  the  indefinite  replacement  of  hydrogen  by 
chlorine,  which  Regnault  assumes,  and  look  upon  the  rela- 
tion of  these  series  of  bodies  as  being  the  following : 
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From  olefiant  Gas.  From  muriatic  Ether. 

C,H,CI,  =  C,H,C1  4.  HCI.  C^H^Cl,  =  C^H,C1  +  C^H^CL 

C.HaCl,  =  2(C,HC1)  and  HCI       C4H,C1,. 

C^H.CU  =  2(C,H.C1,)  C^Hg-CI^  =  C4C1,.C1  +  2(C4H^C1,) 

C^HCl^s:  C^HjCI,  +  2(Cl4.Cl^.Cl) 

Both  these  give  finally  seBquichloride  of  carbon,  C4CI5G. 
The  bodies  from  olefiant  gas,  which  contain  chloride  of  hy- 
drogen, are  decomposed  by  an  alcoholic  solution  of  potash, 
but  those  in  which  the  chlorine  is  combined  with  an  organic 
radical  are  not  afifected  by  that  reagent. 

By  the  action  of  chlorine  on  mercaptan,  a  similar  series  of 
products  are  obtained,  of  which  the  terminal  body  is  C4HCI4S 
consisting  of  C4H3.S3  +  2(C4Cl5.Cl). 

« 
On  the  Theoretical  Cansiiiution  of  Alcohol,  and  the  Bodies 
derived  from  it. 

The  theory  of  alcohol  and  the  ethereal  combinations  is  of 
the  more  importance  as  the  principles  of  it  regulate  our  ideas, 
not  merely  concerning  the  bodies  that  have  been  now  de- 
scribed, but  a  vast  number  of  others ;  for  the  ordinary,  or 
wine  alcohol,  is  but  one  example  of  a  numerous  family  of 
bodies,  which  resemble  it  in  all  its  general  laws  of  reaction, 
with,  of  course,  peculiarities  characteristic  of  each ;  thus 
wood-spirit,  oil  of  potato-spirit,  and  ethal  are  alcohols. 

The  generic  properties  of  an  alcohol  are,  that  its  compo- 
sition may  be  represented  by  a  hydrocarbon  isomeric  with 
olefiant  gas,  united  with  two  atoms  of  water ;  that  it  gives 
an  ether,  which  contains  an  atom  of  water  less,  and  acts  as 
a  base ;  and  that  by  combining  the  hydrocarbon  with  four 
atoms  of  oxygen,  an  acid  is  formed.     Thus,  we  have 

WineAlooboL  Wood  Alcohol.  Oil  of  Potato-Spirit  Ethal. 

Alcohol,  C4H4  +  2H0  C,H,  +  2H0.       C,oH,o  +  2H0      C„H„  +  2H0 

Ether,     C4H4+HO  C,H,  +  HO         C,oH,o  +  HO        C„Ha,+  HO 

Acid,       C4H40^.  C,H,04  C^^H^fi^  Ca,H„04. 

Such  being  the  connexion  of  the  bodies  of  this  class,  the 
propositions  in  which  I  shall  now  proceed  to  embody  the  prin- 
ciples of  the  constitution  of  the  substances  derived  from  wine- 
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alcoboly  may  be  hereafter  immediately  applied  to  illustrate 
the  history  of  the  other  alcohols. 

1 .  From  the  action  of  sulphuric  acid,  of  chloride  of  zinc,  of 
fluoride  of  boron^  of  potassium,  and  of  chlorine  on  alcohol,  it 
results  that  it  contains  an  atom  of  water  ready  formed,  united 
with  sulphuric  ether ;  its  formula  is  therefore  C4H5O  +  Aq. 

2.  The  sulphuric  ether  is  a  base,  neutralizing  the  strongest 
acids  and  producing  both  oxy-salts  and  haloid  salts,  perfectly 
resembling  those  of  an  alkali.  The  oxygen  in  ether  may  be 
replaced  by  all  other  electro-negative  bodies,  whilst  the  car- 
bo-hydrogen  C4H5  remains  constant.  By  the  conditions  laid 
down  in  p.  777,  this,  therefore,  is  a  compound  radical ;  it  is 
called  ethylf  and  its  symbol  is  written  Ae.  Ether  b  oxide 
of  ethyl,  and  its  symbol  is  AeO. 

3.  By  the  acdon  of  oxidizing  agents,  hydrogen  may  be 
removed  from  ethyl,  and  a  new  radical  C4H3  produced, 
which,  by  combining  with  oxygen,  forms  aldehyd  and  acetic 
acid,  its  symbol  being,  Ac.  Aldehyd  is  protoxide,  AcO,  and 
acetic  acid,  peroxide  of  acetyl,  Ac.Oa ;  both  being  considered 
free  from  water. 

4.  From  olefiant  gas,  by  the  action  of  oxidizing  agents, 
we  cannot  in  any  case  pass  to  the  series  of  bodies  containing 
acetyl ;  nor  can  we,  by  bringing  olefiant  gas  in  contact  with 
water  or  acids,  produce  any  form  of  alcohol  or  ether.  On 
the  contrary,  the  isethionic  acid  is  essentially  distinct  from 
these  acids  which  contain  ether,  and  yields  none  by  any  form 
of  decomposition ;  olefiant  gas,  on  the  other  hand,  gives,  by 
the  action  of  chlorine,  a  series  of  bodies,  which  are  quite 
different  from  those  given  by  muriatic  ether,  but  which  indi- 
cate that  it  is  itself  a  radical,  having  laws  of  combination 
peculiar  to  itself,  and  independent,  as  Berzelius  had  already 
suggested,  both  of  the  alcohol  and  acetic  series.  Its  formula 
is,  therefore,  C2H2;  its  symbol.  El,  and  the  Dutch  oil  is  truly 
chloride  of  elayL  The  ethyl  may  change  itself  readily  into 
elayl  by  loss  of  hydrogen,  sine  C4H5  =  :2.CsHs  and  H,  and 
it  is  thus  broken  up  when  the  hydriodic  or  muriatic  ethers 
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are  decomposed  by  heat,  or  by  potash,  or  ammonia ;  or  when 
sulphuric  ether  is  acted  on  by  an  excess  of  sulphuric  acid. 

5.  Although  from  the  decomposition  of  ether  we  obtain 
olefiant  gas,  or  light  oil  of  wine,  yet  as  ether  cannot  be  in 
any  way  regenerated  from  these  bodies  by  the  influence  of 
water  or  otherwise,  neither  can  the  other  products  derived 
from  ether,  as  acetic  acid,  be  produced  from  them,  we  must 
abandon  the  theory  which  considered  ether  to  be  a  hydrate  of 
C4H4,  and  consider  it  simply  as  an  organic  base,  the  oxide  of 
ethyl. 

6.  By  the  action  of  chlorine  on  the  ethereal  compounds 
and  on  olefiant  gas,  radicals  are  generated,  which  are  precisely 
equivalent  to  the  three,  ethyl,  acetyl,  and  elayl,  but  which 
contain  chlorine  in  place  of  hydrogen.  Their  formulae  are 
C4Cl3,C4Cl5  and  C2CI3.  This  last  is  the  protochloride  of 
carbon,  already  described ;  the  first,  aeechloryl^  exists  in 
chlor-aldehydandinchloro-acetic  acid;  the  secotkd,  ethchlorylf 
exists  combined  with  oxygen  in  chloryl-ether,  which  acts  as 
a  base  similar  to  common  ether  towards  the  oxalic  and  acetic 
acids.  In  contact  with  an  excess  of  chlorine,  it  breaks  up,  as 
ethyl  does  into  olefiant  gas  and  hydrogen,  into  the  proto- 
chloride of  carbon  and  chlorine,  and  thus  the  ultimate  result 
is  the  sesquichloride  of  carbon,  CaCla* 

7.  The  series  of  bodies  formed  by  the  action  of  chlorine  on 
elayl  and  on  chloride  of  ethyl,  are  double  combinations  of 
bodies  containing  the  hydrogen  and  chlorine  radicals,  and 
hence  results  their  isomerism.  Thus  the  body  (C4H2CI4), 
from  elayl,  consists  of  CaHa-Cl  +  C^Cl2.Clf  whilst  the  body 
(C4H2CI4),  from  the  muriatic  ether,  is  really  S(C4H3.Cl3)  + 
C4CI3.CI3.  The  body,  C4H3CI,  from  elayl,  is  SCCaHa)  +  C3CI2. 

8.  The  relation  of  acetyl  to  ethyl  is  simply  that  of  in- 
ternal constitution,  described  in  p.  779.  For  as  benzoic 
acid  contains  benzoyl,  C14H5O2,  whilst  this  again  contains,  as 
radical,  the  carbohydrogen,  C14H5. ;  so  ethyl,  C4H5,  contains 
within  it,  ready  formed,  the  radical  acetyl,  and  its  formula 
might  be  still  more  correctly  written  as,  Ac.Ha.     This  is 
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simply  shown  by  the  action  of  chlorine  on  ether,  where 
C4H3.Hs.O9  becomes  first,  C4H3.CI^09  and  subsequently 
changes  to  C4C13.CU.O.  The  intermediate  compound  AcClg. 
relating  itself  to  the  oxygen,  as  the  sulphurous  acid,  SO^,  or 
the  benzoyl,  CuHu^Osy  in  the  sulphuric  and  benzoic  acids. 
Although  the  connexion  of  these  two  radicals  is  thus  analo- 
gous to  that  of  amidogen.  Ad,  and  ammonium,  AdH^^  Am, 
yet  a  broad  line  of  distinction  is  drawn  between  the  ammonia 
and  ether  theories,  by  the  very  definite  character  of  ether, 
oxide  of  ethyl,  as  contrasted  with  the  hypothetic  oxide  of 
ammonium ;  and  on  the  other  band  there  does  not  appear  to 
be  any  acetylide  of  hydrogen,  corresponding  to  ammonia, 
the  amidide  of  hydrogen,  for  the  assumption  of  olefiant  gas 
as  being  that  body,  is  not  based  upon  sufficient  evidence. 

Secondary  Products  of  the  Alcoholic  Fermentation. 

I  have  already  noticed  that  besides  the  carbonic  acid  and 
alcohol,  which  are  derived  from  the  sugar,  other  bodies  are 
evolved  in  minute  quantities,  and  by  their  odour  and  taste 
characterize  the  spirit  obtained  from  particular  vegetables. 
Thus,  in  the  fermentation  of  grape  juice,  oBnanthic  ether  is 
produced ;  in  the  spirit  distilled  from  potatoes,  a  peculiar 
oil  is  found  ;  and  in  the  fermentation  of  malted  corn,  both  of 
these  bodies  are  generated,  besides  a  third,  to  which  the 
name  of  oleum  sitieum  or  corn-oil  has  been  given. 

The  cenanthic  ether  is  a  thin  colourless  liquid,  of  an  al- 
most stupifying  odour  of  wine,  as  to  it  the  peculiar  bouquet 
of  wine  is  due ;  its  specific  gravity  is  0*862 ;  it  boils  at  446^ ; 
when  heated  with  caustic  soda,  it  evolves  alcohol,  and  forms 
cenanthate  of  soda,  from  which  the  cenanthic  acid  may  be  se- 
parated by  muriatic  acid.  This  is  a  white  crystalline  solid 
which  melts  at  88^,  and  distils  over  at  560^  unchanged ;  its 
formula  is  C14H13O3. ;  it  combines  with  water,  forming  a 
thick  oil,  which  solidifies  only  at  55^,  is  tasteless  and  in- 
odorous, but  reddens  litmus  sensibly.  The  formula  of  the 
ether  is  AeO  +  CuHijOa;  it  is  remarkable  as  the  only  elher 
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that  exists  as  a  natural  product^  but  it  may  also  be  formed 
artificially  by  means  of  alcohol  and  snanthic  acid. 

The  com  oiU  of  which  the  formula  is  C42H35O4  is  lighter 
than  water,  of  a  very  penetrating  odour,  a  biting  taste,  and 
cannot  be  distilled  without  partial  decomposition. 

The  M  of  poiaio-spirii  has  become  of  much  interest  from 
the  discovery,  that  it  gives  rise  to  a  series  of  ethereal  com- 
binations similar  to  those  of  wine  alcohol;  the  name  of 
atnilic  alcohol  may  be  applied  to  it ;  it  is  colourless,  oily,  its 
odour  at  first  pleasant,  but  subsequently  nauseous ;  its  taste 
acrid;  it  bums  with  a  blue  flame;  its  sp.  gr.  is  0*8 IS;  it 
freezes  at  4%  and  boils  at  S94^  ;  it  dissolves  in  alcohol  and 
ether;  its  formula  is  C10H12O2.  In  this  alcohol  a  com- 
pound radical  is  assumed  to  exist,  termed  amilyl,  CioHu ;  its 
symbol  is  Ayl,  and  it  is  combined  with  oxygen  and  water, 
AyL  O  4-  Aq.  as  ethyl  is  in  wine  alcohoL 

The  atnilic  ether,  Ayl.  O,  is  not  known  except  in  combi- 
nation with  acids ;  its  bisulphate,  or  sutphnxmylic  acid,  is  ob- 
tained by  acting  on  amilic  alcohol  with  oil  of  vitriol;  its 
formula  is  AylCSOa  4.  SO3.HO. ;  its  barytes  salt  crystal- 
lizes in  pearly  plates,  colourless,  very  soluble  in  water  and 
alcohol*  This  salt  is  decomposed  when  its  solution  is  boiled. 
The  salts  of  lead  and  lime  are  completely  similar  in  proper- 
ties. 

Chloride  ofArmlyl,  CioHnCl  or  Ayl.CL  is  prepared  by 
acting  on  amilic  alcohol  with  chloride  of  phosphorus ;  it  is  a 
colourless  oil,  which  boils  at  S17^  By  the  action  of  bro- 
mine, or  iodine,  and  phosphorus  on  the  amilic  alcohol,  the 
bromide  and  iodide  qfamilyl  are  prepared ;  they  possess  pro- 
perties similar  to  those  of  the  chloride. 

Acetate  of  Amilyl. — Ayl  0  4-  AcOa.  I*  easily  formed 
by  distilling  acetate  of  potash,  oil  of  vitriol  and  amilic  alco- 
hol ;  it  is  a  volatile,  colourless  liquid,  which  boils  at  257^. 
The  oxakUe  ofamilyl  may  be  similarly  formed. 

By  distilling  amilic  alcohol  with  glacial  phosphoric  acid, 
a  colourless,  aromatic  liquid  is  obtained,  having  the  formula 
CioHiQ.  It  is,  in  this  series,  what  olefiant  gas  is  in  that  of  the 
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wine  alcohol ;  it  is  termed  amilene ;  the  sp.  gr.  of  its  vapour 
18  4918. 

Valerianic  Acid. — CioHio04.  When  the  amilic  alcohol  is 
exposed  to  the  air  it  absorbs  oxygen,  but  its  oxidation  is 
more  rapidly  effected  by  heating  it  with  caustic  potash.  By  a 
loss  of  hydrogen,  and  absorption  of  oxygen,  precisely  similar 
to  that  by  which  wine  alcohol  forms  acetic  acid,  it  produces 
a  volatile,  oily  acid,  remarkable  as  naturally  existing  in  the 
roots  of  the  Valeriana  officinalis,  and  being  extracted  there- 
from by  distillation ;  it  is  lighter  than  water ;  it  boils  at  347°, 
and  neutralizes  basesj  forming  soluble  sweet-tasted  salts ; 
it  must  be  considered  as  containing  a  radical  analogous  to 
acetyl,  valeryl  =:  C10H9  or  VI,  and  ito  formula  becomes 
VI.O3  +  Aq. 

When  valerianate  of  lime  is  heated,  carbonate  of  lime  is 
formed,  and  a  volatile  liquid  like  acetone,  distils  over ;  it  is^ 
termed  valeran*  C10H0O3  giving  COa  and  C0H9O.  The  roots 
of  the  valerian  contain,  besides  the  valerianic  acid,  another 
oil  destitute  of  active  properties. 

By  cautiously  treating  amilic  alcohol  with  sulphuric  acid 
and  chromate  of  potash,  an  oily  liquid  is  obtained  which  is 
valerianic  aUehyd,  CioHioO^  or  A1.0  +  Aq.  By  an  excess 
of  chromate  of  potash  it  is  changed  into  valerianic  acid. 

Treated  with  chlorine,  the  amilic  alcohol,  and  the  various 
amilic  ethers,  as  well  as  the  valerianic  acid,  give  new  pro- 
ducts, which  contain  chlorine,  and  are  constituted  according 
to  the  same  principles  as  have  been  fully  described  for  wine 
alcohol. 


CHAPTER  XXII. 

OF  THE  ESSENTIAL  OILS,  CAMPHORS  AND  RESINS. 

Thb  bodies  now  to  be  described  constitute  three  groups, 
very  closely  allied  in  composition,  in  properties  and  in  origin. 
For  the  most  part  they  exist  ready  formed  in  plants,  as  se- 
creted by  their  proper  organs,  or  they  are  derived  by  reac- 
tions of  a  very  simple  kind,  from  substances  so  circum- 
stanced. They  are  employed  in  medicine  for  their  aro- 
matic and  stimulant  properties,  and  in  the  arts,  for  the  ma- 
nufacture of  a  variety  of  perfumes,  varnishes,  lacquers,  &c. 

A.  Of  the  Essential  or  Volatile  Oils. 
These  oils  are  so  named  from  their  solubility  in  alcohol, 
such  solutions  being  called  essences,  and  from  their  volatility. 
In  virtue  of  this  last  property  they  are  generally  obtained  by 
the  distillation  of  the  plants  with  water.  If  the  oil  were  ex- 
tracted by  the  distillation  of  the  dry  plant,  the  heat  would 
rise  so  high  as  to  destroy  its  odour  and  alter  its  compo- 
sition ;  but  by  using  a  large  quantity  of  water,  the  mixed 
vapours  of  the  oil  and  water  pass  over  at  a  much  lower  tem- 
perature, as  at  212^ ;  for  although  the  boiling  point  of  the 
oil  may  be  400^,  yet  it  fonns  a  quantity  of  vapour  at  212® 
proportional  to  its  tension  at  that  degree.  (See  p.  121.)  To 
prevent  even  the  injurious  heat,  which  might  arise  from 
the  plant  touching  the  sides  of  the  still,  when  fragrant  flowers 
or  leaves  are  operated  on,  they  are  suspended  in  a  cage  in 
the  centre  of  the  still,  and  allowed  only  to  come  into  contact 
with  the  vapours.  These  oils  are  somewhat  soluble  in  water, 
and  giving  to  it  their  odour  and  taste,  form  the  various  me* 
dicaied  waters.     Hence,  often  the  same  quantity  of  water 
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mutt  be  distUIed  with  fresh  quantities  of  the  plant,  before 
the  oil  is  in  such  proportion  as  to  separate. 

Most  essential  oUs,  as  those  of  turpentine,  lemon,  pep- 
permint, &c.,  e»st  actually  in  the  plant,  as  secretions  from 
peculiar  glands ;  but  others  are  produced  only  at  the  mo- 
ment of  distillation,  by  the  decomposition  of  substances  which 
did  exist  m  the  plant,  and  which  undergo  a  kind  of  fermen- 
tation. This  is  the  case  with  the  oils  of  bitter  almonds,  of 
spiroBB,  of  mustard,  and  these  oils  possess  much  more  active 
chemical  properties  than  those  of  the  former  class.  Another 
important  difference  among  essential  oils  is,  that  some,  by 
absorbing  oxygen  directly,  produce  well  characterised  acids, 
as  occurs  in  the  oils  of  bitter  almonds,  of  cinnamon,  and  of 
cloves;  whilst  others,  as  the  oils  of  turpentine,  citron,  and 
copaiva,  by  a  much  more  indirect  action  of  oxygen,  give 
origin  to  resins.  On  these  principles  I  will  arrange  the  oils 
in  two  classes,  for  convenience  of  description : 

1st  Class. — Oib  forming  Acidsj  not  pre-exitiing  in  the  Plant. 

Of  AmygdaUne  and  Oil  <f  Bitter  Almonds. 

All  plants  which  yield  prussic  acid  on  dbtillation  pro- 
duce, at  the  same  thne,  a  volatile  oil,  which  is  known  as  the 
oil  of  bitter  almonds,  it  being  most  abundantly  obtained  from 
that  fruit.  The  leaves  of  the  cherry  laurel,  peach  kernels, 
&c.,  also  yield  it.  The  oil  and  the  acid  both  arise  from  the 
decomposition  of  another  substance,  amygdaline.  Thb  is 
prepared  by  bruising  bitter  almonds,  and  pressing  them 
strongly  between  plates  of  hot  iron,  to  force  out  the  fixed 
oil;  the  residue  is  treated  by  alcohol  of  93  per  cent,  and 
the  solution  evaporated  in  a  water  bath  to  the  consistence  of 
a  sirup ;  this  is  then  diluted  with  water  and  a  little  yeast 
added,  which,  by  inducing  fermentation,  destroys  a  quan- 
tity of  sugar.  When  this  is  over,  the  liquor  is  to  be  again 
evaporated  to  a  sirupy  consistence,  from  which  the  amygda- 
line  is  precipitated  by  the  addition  of  c<dd  strong  alcohol,  in 
which  it  is  scarcely  soluble ;  being  dissolved  in  boiling  alco- 
hol, it  is  finally  obtained  pure  by  crystallization. 
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The  formula  of  amygdaline  is  C4oH37N022« ;  it  forms  short 
silky  needles,  which  are  anhydrous,  tasteless,  and  inodprous ; 
it  is  very  soluble  in  water,  and  Crystallizes  therefrom  in  large 
colourless  prisms,  containing  6Aq.  By  contact  with  nitric 
acid  it  produces  ammonia,  oil  of  bitter  almonds,  benzoic, 
and  formic  adds,  and  by  caustic  alkalies  it  is  decomposed 
into  ammonia  and  amygdaUc  acid.    C4oHa6024  +  Aq, 

When  bruised  bitter  almonds  are  distilled  with  water, 
all  amygdaline  disappears,  and  a  number  of  products,  as 
prussic  acid  and  volatile  oil,  are  evolved*  Pure  amygdaline 
may,  however,  be  boiled  in  water  without  being  altered.  It 
is  the  animo-vegetal  principal  which  constitutes  the  mass  of 
the  cotelydon  of  the  almond  that  induces  the  reaction;  it  has 
been  called  emulsine,  and  appears  very  similar  in  properties 
and  constitution  to  the  vegetable  albumen  or  legumine,  de- 
scribed  as  the  active  principle  in  the  alcoholic  fermentation. 
(See  p.  893).  The  emulsine  is  soluble  in  water,  but  inso- 
luble in  alcohol.  If  solutions  of  10  parts  of  amygdaline  in 
100  of  water,  and  of  1  of  emulsine  in  10  of  water,  be  mixed, 
immediate  decomposition  occurs ;  the  liquor  becomes  milky, 
smells  of  bitter  almonds,  it  contains  sugar,  prussic  acid,  for* 
mic  add,  and  volatile  oil,  and  the  emulsine  coagulates,  it  is 
most  probable  that  the  emulsine  is  itself  also  decomposed  in 
this  reaction,  but  we  may  explain  the  origin  of  these  bodies 
from  the  amygdaline  alone,  thus : 

1  equiv.  of  prussic  acid   C3  HN 

2  „  volatile  ott  .  C28Hia04 
i  „  sugar  .  .  CeHjOs 
2  „  foimic  acid  •  C4  H2  Oe 
7  „  water      .    .       H7O7. 

In  the  cotelydon  of  the  almond,  the  amygdaUne  and  emul- 
sine  are  in  distinct  cells,  and  have  no  means  of  acting  on 
each  other,  but  when  bruised  in  water,  both  dissolve  and 
decomposition  immediately  occurs.  The  preparation  of  the 
oil,  by  distillation,  can  hence  be  fiilly  understood. 

The  mixture  of  amygdaline  and  emulsine  has  been  em- 
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ployed  as  a  means  of  producing  a  prussic  acid  of  standard 
strength  for  medicinal  purposes. 

OH  of  Bitter  Almondi-^Hydruret  of  Benzyl. 

Prepared  by  distilling  bruised  bitter  almonds  with  water. 
In  this  rough  state  it  contains  a  great  quantity  of  prussic 
acid,  from  which  it  is  freed  by  distillation  with  some  water, 
chloride  of  iron  and  lime.  It  is  then  colourless,  of  a  strong 
peculiar  smell,  sp.  gr.  1  *04S ;  it  boils  at  S56^ ;  when  exposed 
to  the  air  it  absorbs  oxygen,  and  forms  crystals  of  benzoic 
acid ;  when  heated  with  hydrate  of  potash,  hydrogen  is 
evolved,  and  benzoate  of  potash  formed.  The  formula  of  this 
oil  is  CuHeOi,  but  from  the  series  of  compounds  to  which 
it  gives  rise,  it  is  believed  to  contain  an  organic  radical 
ChHaOs  termed  benzyl^  and  its  rational  formula  is,  there- 
fore, Bz.H.  See  p.  777. 

Chloride  of  Benzyl. — BzG.  Is  formed  by  acting  on  the 
hydruret  with  chlorine.  It  is  a  liquid,  heavier  than  water ;  it 
boils  at  883^ ;  wheu  heated  with  water  it  gradually  changes 
into  benzoic  and  muriatic  acids.  By  heating  chloride  of  ben- 
zyl with  iodide  of  potassium,  iodide  of  benzyl  is  formed;  and 
by  using  the  bromide,  sulphuret,  or  cyanide  of  potassium, 
compouhds  of  benzyl  with  these  electro-negative  bodies  may 
be  formed. 

Amdide  of  Benzyl — Benzamide. — Bz.  Ad.  Is  formed  by 
acting  on  chloride  of  benzyl  with  dry  ammonia,  2(HAd)  and 
Bz.Cl  give  Bz.Ad  and  AdH.HCI;  it  forms  rhomboidal 
prisms,  which  melt  at  240^  and  may  be  distilled  unaltered  ; 
heated  with  potash  it  gives  ammonia  and  benzoate  of  pot- 
ash. 

Oxide  of  Benzyl — Benzoic  Acid. — BzO  +  Aq.  This 
acid  is  found  ready  formed  in  the  resin  of  benzoin  and  in 
dragon's  blood ;  it  sometimes  appears  in  the  urine  of  herbi- 
vorous animals,  and  is  formed  by  the  oxidation  of  oil  of  bit- 
ter almonds,  and  of  amygdaline. 

The  following  process  for  obtaining  it  pure  was  devised 
at  the  same  time  by  Mohr  and   Hennell ;  I  lb.  of  benzoin 
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resin,  in  powder,  is  to  be  spread  on  the  bottom  of  a  metal 
dish,  eight  or  nine  inches  diameter,  and  two  inches  deep, 
which  is  to  be  covered  with  a  drum  of  blotting  paper,  pasted 
to  the  edge  of  the  dish ;  the  whole  is  to  be  covered  with  a 
cylindrical  cap  of  stout  packing  paper.  To  render  the  heat 
uniform,  the  dish  is  to  be  placed  on  a  metal  plate,  covered 
with  sand,  resting  on  a  furnace ;  heat  being  cautiously  ap- 
plied for  three  or  four  hours,  the  cap  is  found  full  of  splendid 
crystals  of  benzoic  acid ;  the  empyreumatic  oil,  which  usually 
contaminates  the  sublimed  product,  being  arrested  by  the 
drum  of  blotting  paper,  through  which  the  vapour  of  the 
acid  passes  freely. 

It  may  be  also  extracted  from  the  resins  by  boiling  these 
with  lime ;  a  soluble  benzoate  of  Ume  is  produced,  from  which 
the  benzoic  acid  is  precipitated  by  the  addition  of  muriatic 
acid ;  it  is  then  to  be  dissolved  in  boiling  water,  and  allowed 
to  crystallize  by  cooling  slowly. 

Benzoic  acid  crystallizes  in  hexagonal  needles;  when 
pure  it  is  inodorous ;  it  reddens  litmus  feebly ;  melts  at  248^ ; 
the  fused  acid  boils  first  at  462^,  but  it  sublimes  freely  at 
293^ ;  it  dissolves  in  25  parts  of  boiling  water,  but  requires 
200  parts  of  cold  water  for  its  solution ;  it  is  soluble  in  twice 
its  weight  of  alcohol  or  ether ;  it  forms  a  very  extensive  se- 
ries of  salts,  of  which  few  require  special  notice. 

Benzoate  of  JUme. — CaO.BzO  +  Aq.  Crystallizes  in 
brilliant  prisms;  at  a  dull  red  beat,  it  is  decomposed  into  car- 
bonate of  lime  and  benzone,  the  formula  of  which  is  CiaHgO. 
Another  liquid,  benxin,  C^H^,  is  at  the  same  time  formed  by 
virtue  of  a  much  more  complex  process,  napthaline,  carbonic 
acid,  and  carbonic  oxide  being  evolved. 

Benzoate  of  Ammonia. — AdH3.0.BzO,  crystallizes  in 
brilliant  plates.  This  salt  is  employed  in  mineral  analysis,  to 
separate  iron  from  manganese ;  a  solution  of  peroxide  of 
iron,  not  containing  any  excess  of  acid,  being  completely  pre- 
cipitated by  neutral  benzoate  of  ammonia,  whilst  the  salts  of 
manganese  are  not  afiected  by  it. 

Benzoate  of  Silver. — AgO.BzO.  Obtained  by  double  de- 
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GompoiitioD,  crystallizes  from  a  boiling  solotioD,  on  cooling, 
IB  brilliant  colourless  needles. 

Farmo-ienzaie  Acid.  —  HBs  +  Fo-Oa  If  water,  satu- 
rated witb  the  impure  oil  of  bitter  almonds,  be  nuxed  with 
muriatic  acid  and  evaporated,  this  substance  crystallises. 
The  prussic  acid  is  decomposed  into  formic  add  and  am- 
monia (p.  859),  and  the  nascent  formic  acid  combines  with 
the  hydruret  of  benxyl ;  in  this  body,  all  the  saturating  power 
of  the  formic  acid  is  preserved. 

If  a  current  of  chlorine  be  passed  through  a  solution  of 
impure  oil  of  bitter  almonds  in  water,  a  similar  body  is 
formed,  consisting  of  benzoic  acid  and  hydruret  of  bens jL 
Bs.H  +  BzO. 

Sulpho-benMoic  Add.— C^MbOz  +  8,05  +  SAq.  This  bo- 
dy is  formed  by  the  action  of  dry  sulphuric  add  on  bensoic 
acid.  A  viscid  mass  results  which,  when  neutraliieed  by 
barytes,  yields  a  salt  permanent  in  the  air,  crystallising 
in  rhomboidal  prisms,  and  having  the  formula  ChHsOs  + 
S3O6  +  SBaO  4-  SAq.  From  this  the  pure  add  may  be  ob- 
tained; it  is  decomposed  if  its  solution  be  boiled,  but  when 
evaporated  in  vacuo  it  crystallises.  The  sulpho-bensoate  of 
copper  crystallizes  in  large  rhombs  of  a  rich  blue  colour. 

Bramo-benxoic  Add. — CuHoBrO^  +  2Aq.  Is  formed  when 
benzoate  of  silver  is  decomposed  by  bromine.  It  is  a  ciys- 
talline  solid,  very  soluble  in  water,  fuses  at  212*^  and  sub- 
limes at  482^ ;  its  salts  are  all  soluble  and  contain  two  atoms 
of  base. 

Of  the  liquids  produced  by  the  distillation  of  benzoate  of 
lime,  bemone,  C13H5O  does  not  form  any  compounds ;  bat 
bendn  Ci^He  produces  with  sulphuric  add,  nitric  add,  and 
chlorine,  a  series  of  bodies,  of  which  the  formuhe  alone  need 
be  here  given,  they  are — 

Sulpho-benzide  C13H5SO3         Cblor-bensin  CuHe-CIe 

Sulpho-benzidic  acid  CjaHs-SaOs        Cblor-benzid  CwHa-Cl, 
Nitro-benzide  C,2H5.N04        Azo-benzid    C12H5N 

I  will  have  occasion  to  refer  to  benzin  as  a  product  of  the 
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distillation  of  resin  and  coal.  It  is  colourless^  of  an  agreeable 
ethereal  odour;  it  boils  at  187^;  its  specific  gravity  0*S5  ' 
that  of  its  vapour  is  2378 ;  at  32^  it  freezes  into  a  crystalline 
mass  which  melts  first  at  4'S^. 

Oil  of  bitter  Almonds  with  Ammoma. — By  the  action  of 
water  of  ammonia  on  h^^ruret  of  benzyl,  all  oxygen  is  re- 
movedj  and  a  crystalline  body,  hydro-^benzamide  produced  ; 
its  formula  is  C43H18N2.  It  is  soluble  in  alcohol,  and  by 
boiling  the  solution  is  decomposed  into  ammbnia  and  hy- 
druret  of  benzyl.  The  nitrogen  here  enters  into  the  consti- 
tution of  the  radical,  replacing  the  oxygen,  and  the  body  is 
hydruret  of  azobenxyl  (C14H5.IN)  +  H.  Thb  azobenzyl 
is  itself  also  formed  in  the  same  process  as  the  former,  and 
also  the  axobenzoilic  add  (Ci4H&«|N)  +  ^N,  which  is  ben- 
zoic acid  in  which  all  oxygen  is  replaced  by  nitrogen.  The 
origin  of  these  bodies  is  explained  by  the  constitution  of  the 
radical  benzyl,  as  described  in  p.  779. 

In  the  impure  oil  of  bitter  almonds,  a  substance  exists, 
termed  benzdine,  which  is  isomeric  with  the  oil,  its  formula 
being  CmHoOs;  it  crystallizes  in  colourless  prisms.  By 
potash  it  gives  benzoic  acid  and  hydrogen ;  by  ammonia  it 
forms  a  substance  isomeric  with  hydro^benzanUde,  By  chlo- 
rine it  gives  muriatic  acid,  and  in  place  of  chloride  of  benzyl, 
a  crystalline  body  which  is  isomeric  with  that  radical,  its 
formula  being  C14H5O2,  this  is  termed  benzoU;  when  heated 
with  potash  it  gives  the  benzoHKc  acid,  which  has  the  formula 
Ca4Hn05+Aq. 

By  acting  on  oil  of  bitter  almonds  with  a  solution  of  sul- 
phuret  of  ammonium  in  alcohol,  Laurent  has  obtained  a 
series  of  bodies  in  which  the  oxygen  of  the  radical  benzyl 
is  replaced  by  sulphur,  and  in  some  cases  partly  by  sulphur 
and  partly  by  azote ;  there  should  thus  be  sulpha-benzyl 
(C14H5SS}  corresponding  to  the  azobenzyl.  It  is  unneces- 
sary in  an  elementary  work,  to  enumerate  the  individual  sub- 
stances, but  I  look  upon  their  formation  as  corroborating 
very  much  Berzelius'  idea,  that  the  true  radical  of  the  ben- 
zoic series,  is  the  carbo-hydrogen  CuH^,  and  that  the  chlo- 
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ride,  &c.  of  benzyl,  are  really  oxy-chloridetj  &c.  (see  p.  781). 
Certainly,  the  element  which  remains  truly  constant  m  those 
reactions,  (and  hence  satisfies  the  definition  of  a  radical, 
p.  777),  is  CwHft  and  not  Ci4H40^ 

Oil  of  Cinnamon  and  the  derived  Compounds. 

This  oil  is  found  in  the  bark  and  flower  buds  of  the  launu 
cinnamomum  and  laurus  cassia.  It  is  heavier  than  water,  and 
possesses  the  odour  of  the  plant  in  the  highest  degree.  It  boib 
at  428^ ;  its  formula  is  CaoH]i02>  and  for  distinction  I  shall 
term  it  the  a  oil.  When  exposed  to  the  air  it  absorbs  oxy- 
gen, and  forms  another  oil,  which  is  that  generaUy  found 
in  the  shops,  the  /3  oil,  the  formula  of  which^  is  CigHsOs. 
Two  reuns  a  and  /3  are  at  the  same  time  produced. 

3  atoms  of  a  oil=  CooHaaOel  T*-  'e™  =  C30B1SO4. 

absorbing 


6  atoms  of  oxygen      =  Oe 


produce 


/3.  resin  sCuHftO 
/3.  oil  rrCwHeO, 
.  5  atoms  water=  H5O5 

The  /3  oil  of  cinnamon  although  thus  only  a  product  of 
the  decomposition  of  the  true  oil,  is  very  important  from  the 
variety  of  compounds  it  gives  rise  to.  It  is  heavier  than 
water ;  it  dissolves  in  water  of  potash  or  of  barytes,  a  as- 
namaie  of  the  base  being  formed,  and  an  oil  lighter  than 
water  separating.  2.(Ct8H802)  and  HO  giving  CigHioOj  and 
C18H7O3.  The  properties  of  this  oil  indicate  that  it  contains 
an  organic  radical,  cinnamyl,  C18H7O2,  united  to  hydrogen. 
It  is  hydt-urei  of  cinanmf/l,  Ci.H,  and  the  oil  lighter  than 
water  is  Ci.H3. 

Ctfinamic  Acid. — Ci.O  4.  Aq.  Is  formed  by  exposing  the 
hydruret  of  cinnamyl  to  the  air ;  it  absorbs  two  atoms  of 
oxygen,  and  forms  crystallized  cinnamic  acid.  It  forms 
colourless  groups  of  plates,  of  an  acid  taste ;  it  is  almost  in- 
soluble in  water,  but  easily  soluble  in  alcohol  and  ether.  It 
melts  at  264'',  distils  over  at  554<'  unchanged.  Ito  salts  are 
exceedingly  similar  to  the  benzoates. 

Hydruret  of  cinnamyl  combines  directly  with  muriatic 
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acid,  with  nitric  acid,  and  with  ammonia,  forming  com- 
pounds which  are  solid  and  crystalline.  Their  formulae  are 
CiH.Ha,  CiH.HAd,  and  CiH.HO  +  NO^.  By  chlorine 
one-half  of  the  hydrogen  of  this  /3  oil  is  removed,  and  a 
white  crystalline  body  formed,  Ci8H4Cl402-  The  chlorine 
here  enters  into  the  constitution  of  the  radical. 

Oil  of  cinnamon  combines  with  iodide  of  potassium  and 
iodine  to  form  a  substance  which  crystalliises  in  large  needles 
of  a  brilliant  bronze  colour,  like  permanganate  of  potash. 
Its  formula  is  CiH.Ia  +  K.I.  Once  formed  it  is  decomposed 
by  water.  It  was  discovered  by  Moore,  of  Dublin,  and  ana. 
lyised  by  Apjohn. 

The  origin  of  the  BaUatns  of  Peru  and  Tolu  is  closely 
related  to  the  oil  of  cinnamon.  They  consist  of  resinous 
substances  (the  a  and  /3  cinnamic  resins  ?)  and  of  an  oil 
which  may  be  obtained  pure  by  distillation.  It  is  called 
cinnameine ;  its  formula  is  CisHbOs,  being  isomeric  with  the 
j3  oil  of  cinnamon.  It  is  neutral ;  but  when  its  alcoholic 
solution  is  boiled  with  potash,  it  forms  cinnamate  of  potash; 
or  by  simple  boiling  of  its  alcoholic  solution,  citmamic  ether 
is  produced,  and  another  oil,  perupwep  is  separated,  the  for- 
mula of  which  is  CigHisOs*  In  these  cases,  three  atoms  of 
cinnameine  and  two  of  water  produce  two  atoms  of  dry  cin* 
namic  acid  and  one  of  peruvine. 

These  researches  on  the  nature  of  the  balsams  are  due  to 
Fremy ;  but  Richter  has  advanced  that  the  balsam  of  Peru 
contains  two  oils,  which  he  terms  myriaspemUne  and  my* 
roxyline^  the  relation  of  which  to  peruvine  and  cinnameine 
is  not  yet  established. 

By  the  action  of  an  excess  of  nitric  acid,  both  oil  of  cin- 
namon and  cinnamic  acid  are  converted  into  oil  of  bitter 
almonds  and  benzoic  acid. 

Oil  of  Cloves f  Eugenic  Acid^  %c. 

The  oil  obtained  by  distillation  from  the  undeveloped 
fiowerbuds  of  the  eugenia  caryophyllata,  is  a  mixture  of  se- 
veral bodies.    By  the  action  of  potash  it  is  separated  into  a 
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▼oladle  oO  which  does  not  possess  active  propertiesi  is 
lighter  than  water,  and  consists  of  CioHs,  whilst  an  eugenate 
of  potash  dissolves.  From  this  solution  the  eugenic  add 
is  precipitated  by  any  strong  acid. 

Eugemic  Acid.— Heavy  Oil  of  Ckwes.—Cu^uO^  h  a 
colourless  oil,  sp.  gr.  1*079;  it  boils  at  470^;  its  taste  aod 
smell  are  those  of  cloves.  It  forms  with  the  metallic  oxides 
well  defined  salts,  most  of  which  are  soluble  and  crystaUizabk. 

When  the  common  oil  of  cloves  is  kept  for  some  time,  it 
deposits  a  crystalline  substance,  earyophjfUine,  C^HuOa; 
it  is  soluble  in  alcohol ;  insoluble  in  water.  It  is  volatik. 
From  water,  distilled  with  cloves,  a  different  body  separates 
in  pearly  scales,  having  the  formula,  C90H13O4.  It  is  called 
ewgetuncm 

The  eugenic  acid  and  eugenine  are  rendered  blood-red 
by  contact  with  nitric  add. 

llie  Liffki  OU  ofChves  has  sp.  gr.  =  0*918 ;  it  boils  at 
287-. 

OU  qf  Spir€Ba  Ulmaria — Salicide  of  Hydrogen. 
The  oil  distilled  from  the  flowers  of  the  meadow-sweet  is 
a  mixture  of  a  light  and  of  a  heavy  oil,  vrith  a  solid  body  like 
camphor.  The  heavy  oil  is  of  much  interest,  from  the  number 
of  compounds  which  it  forms,  and  from  our  being  able  to 
form  it  at  will,  dthough  from  a  body,  salicine,  which  has  not 
been  found  to  exist  in  the  spinea.  The  impure  oO  of  spiraea 
is  purified  by  adding  potash,  by  which  the  light  oil  is  sepa- 
rated and  salieide  of  potassium  formed,  which  when  acted 
on  by  sulphuric  acid,  yields  the  salicide  of  hydrogen  pure. 

To  form  it  artificially,  equal  parts  of  salicine  and  bichro- 
mate of  potash  are  to  be  dutilled  with  2}  parts  of  oil  of  vi- 
tnol  and  20  of  water.  There  is  heat  evolved  and  much  gas 
disengaged ;  on  then  dbtilling,  the  heavy  oil  passes  over. 
Two  atoms  of  dry  salicine  (C42H84O18),  without  any  oxygen, 
might  yield  three  atoms  of  oil,  S(C]4Ho04),  and  six  of  water ; 
but  the  reaction  is  far  more  complicated  in  reality,  as  four 
parts  of  salicine  yield  but  one  of  oil. 
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The  properties  of  this  oil  show  it  to  be  a  compound  of  a 
radieali  (C14H4O4),  salicffle,  Syl,  with  hydrogen ;  it  acts  as  a 
hydracid  in  combining  with  metallic  oxides ;  its  specific  gra- 
vity is  1173;  it  boils  at  880«-  The  specific  gravity  of  its 
vapour  is  4260.  In  this  and  in  composition  it  agrees  with 
crystallised  benzoic  acid«  with  which  it  is  isomeric.  The 
alkaline  iaUddet  are  soluble  and  crystallizable ;  those  of 
lead,  rinc  and  mercury  are  insoluble.  If  a  solution  of  any 
salidde  be  mixed  with  a  solution  of  a  sesqui-salt  of  iron,  the 
liquor  assumes  a  fine  purple  colour,  by  which  the  oil  is  well 
characterized* 

When  salicide  of  hydrogen  is  heated  with  caustic  potash, 
hydrogen  is  evolved  and  salicylie  acid,  Syl.O,  formed ;  the 
potash  salt  being  dissolved  in  water,  and  muriatic  acid  added, 
the  new  acid  is  precipitated  and  is  purified  by  recrystaUiza'* 
tion;  it  dissolves  in  boiling  water;  it  may  be  sublimed,  and 
condenses  in  long  needles,  like  benzoic  acid ;  it  possesses 
the  usual  acid  properties ;  its  salts  are  generally  soluble,  and 
resemble  closely  the  benzoates. 

By  the  action  of  chlorine  on  salicide  of  hydrogen,  chlo^ 
ride  ofsalicyle  is  formed,  Syl.CL;  it  crystallizes  in  rhom* 
boidal  tables,  which  melt  and  sublime  undecomposed ;  bro* 
mine  and  iodine  give  similar  compounds;  with  nitric  acid  it 
produces  nitrosalicylic  acid,  Syl.NO^,  which  crystallizes  in 
long  prisms,  and  unites  with  bases  forming  salts. 

The  connexion  of  salicyl  with  benzyl  is  very  remarkable, 
they  contain  the  same  hydrogen  and  carbon,  C14H5,  but  it  is 
combined  in  salicyl  with  4,  and  in  benzyl  with  but  2  atoms 
of  oxygen*  By  the  action  of  ammonia  on  the  chloride  of 
salicyl  and  on  the  oil,  this  relation  is  more  clearly  shown, 
for  the  oxygen  in  the  radical  may  be  brought  to  the  compo* 
sition  of  benzyl.  Thus,  the  chlorosaUcamide  is  C42H15CI3 
OeN,,  or  properly  3(Ci4H502.|N)Cl;  that  is  (Bz.fN).Cl.  By 
the  direct  action  of  ammonia  on  the  salicide  of  hydrogen, 
the  corresponding  (CuH^Oa.f  N)  +  H  may  be  formed.  To 
this  new  radical,  which  is  evidently  nitruret  of  benzyl,  the 
name  azosalicyl  might  be  given,  (see  p.  955.) 
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EssenHal  Oil  of  Mustard. 

The  oil  obtained  by  distilling  the  seeds  of  the  sinapis 
nigra  with  water^  is  remarkable  for  an  unusually  complex 
constitution,  as  it  contains  five  elements ;  its  formula  being 
C3tH»N4S50ft.  When  pure  it  is  colourless ;  it  boils  at  2S9^ ; 
its  specific  gravity  is  1*015;  that  of  its  vapour  is  3370; 
when  acted  on  by  nitric  add,  it  yields  sulphuric  acid  and  an 
organic  product ;  with  caustic  potash  it  forms  sulphuret  and 
sulphocyanuret  of  potassium  and  organic  products,  which 
have  not  been  examined.  With  ammonia  it  forms  a  substance 
in  large  white  crystak;  the  formula  of  which  is  CssHmNi 
S5O5  +  4NH3.  Our  knowledge  of  the  chemical  nature  of 
this  oil  is  yet  imperfect  It  has  been  only  established  that  it 
does  not  exist  in  the  seeds,  being,  like  oil  of  bitter  almonds, 
formed  at  the  moment  of  distillation. 

The  seeds  of  mustard  contain  two  crystalline  substances. 
Of  these  sulphosinapisine  is  obtwied  by  a  process  similar  to 
that  used  for  preparing  amygdaline.  It  is,  when  pure,  white; 
soluble  in  alcohol  and  water;  it  contains  the  same  five  ele* 
ments  as  the  oil,  which  is  probably  formed  from  it  by  the 
action  of  the  emulsin  of  the  seed,  as  is  the  case  with  amyg- 
daline.  The  principle  of  the  mustard  seed,  to  which  it  ap- 
pears to  owe  most  of  its  pungency,  has  been  termed  sina- 
pisine;  its  preparation  is  complex ;  it  does  not  contain  any 
sulphur,  and  hence  can  act  but  indirectly  in  the  formation 
of  the  essential  oil.  Fremy  considers  the  essential  oil  to  be 
formed  by  the  action  of  the  albumen  of  the  seed  on  a  pecu- 
liar acid  body,  which  he  terms  Myrome  Add;  but  this  has 
not  been  analyzed,  and  we  do  not  know  its  relations  to  sina- 
pisine,  with  which  it  may  possibly  be  identical.  The  formula 
given  above  for  the  oil  is  that  of  Dumas ;  Lowig  has  since 
analyzed  it,  and  denies  that  it  contains  oxygen,  assigning  to 
it  the  formula  NCgHsSs.  Accurate  researches  on  the  consti- 
tution of  these  bodies  are  very  much  to  be  desired. 
2nd  Class.— Oils  pre-exisHng  in  the  Plant— Properties  not 

Acid. 

These  oils  are  very  numerous,  and  so  similar  in  proper- 


NEUTRAL  ESSENTIAL  OILS. 


961 


ties  that  a  special  description  is  quite  unnecessary  for  each. 
They  are  characterized  by  not  dissolving  in  solution  of 
potash,  by  being  lighter  than  water^  and  by  a  less  energetic 
action  on  the  animal  system  than  the  oils  of  the  first  class. 
They  combine  with  muriatic  acid  to  form  heavy  oily  sub- 
stances^ in  some  cases  crystalline.  When  put  in  contact 
with  iodine,  they  frequently  combine  with  it  so  energeti- 
cally^  as  to  produce  a  feeble  explosion.  By  chlorine,  hy- 
drogen is  removedi  and  an  oily  liquid  heavier  than  water  is 
produced.  The  oil,  as  yielded  by  the  plant,  consists  of  two 
substances,  one  solid  (stearopten)^  the  other  liquid  {elaop- 
ten)  I  the  former  generally  crystalliises  when  the  oil  is  long 
kept.  I  prefer  to  term  the  liquid  simply  the  oi7,  and  the 
solid  portion  the  camphor  of  the  plant.  We  sometimes  ob- 
serve these  oils  forming  the  camphor  artificially,  by  contact 
with  water. 

These  oils  may  be  very  naturally  divided  into  two  groups, 
according  as  they  contain  oxygen  or  not.  The  following  table 
includes  all  the  important  facts  of  the  history  of  the  oils 
(elaoptens)  containing  oxygen : 


Plant  yielding  the  Oil 

8p.gr. 
M  Liquid. 

BoUing 
Point. 

Formal*. 

Sp.  gr. 
of  yvfoxa. 

Cajeput       .... 

0-927 

347° 

C..H.0 

Lavender    . 

0-896 

3970 

CuH.A 

Kosemary    • 

0-897 

365' 

C«H„0, 

Pennyroyal 

0-925 

3950 

C..H.0 

Camphor  tree 

0-910 

,    , 

C„H„0 

Valerian 

•  • 

5180 

C..H..0 

Spearmint   . 

0*914 

,   , 

C„H„0 

Marjoram,  . 

0-867 

354° 

C^H,.0 

Asarum 

•    • 

,    , 

C.,H,0, 

Fennell       . 

0'997 

,    , 

C,oH,,Og 

Anise      .    . 

,    , 

•    • 

C«,H.A 

Peppermint 

0-902 

.    . 

C,.H„0. 

Rue  .    .     . 

0-837 

4460 

C..H„0, 

7690 

Olibanum    .     . 

0-866 

3230 

C„H„0 

Cumin    .     .     , 

0-860 

4180 

CmH,.0, 

5094 
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From  the  recent  experiments  of  Gerhardt  and  Cahoura, 
it  appears  that  by  the  action  of  fused  hydrate  of  potash, 
most  essential  oils,  containing  oxygen,  may  be  separated  into 
an  acid,  and  anoil  destitute  of  oxygen.  Some  of  the  results 
obtuned  by  those  chemists  are  of  great  interest;  thus,  from 
the  oil  of  valerian  CmHisO,  valerianic  acid  is  obtained,  and 
an  oil  which  absorbs  oxygen  with  great  rapidity  and  gene- 
rates common  camphor.  The  oil  of  chamomile  also  yields 
valerianic  acid. 

The  oil  of  cumin  (cuminum  cyminum),  of  whicb  the  cha- 
racters have  been  g^ven  in  the  table,  yields,  when  treated 
with  hydrate  of  potash  a  peculiar  acid,  cumenic  acid,  whose 
formula  is  C90H11O3  +  Aq. ;  it  is  perfectly  white,  crystal- 
lizes in  fine  prismatic  tables,  tastes  sour,  fuses  at  197o,  and 
may  be  distilled  unchanged.  If  cumenate  of  barytes  be  dis- 
tilled at  a  dull  red  heat,  a  colourless  liquid  oil  ia  obtained, 
which  boils  at  292^;  it  is  termed  cymen;  its  formula  is 
CisHu,  being  isomeric  with  mesitylene ;  with  sulphuric  acid 
cymen  unites,  forming  eymenndphuric  add,  CigHisSaOtf, 
which  forms  well  characterized  soluble  salts.  By  the  action 
of  chlorine  and  of  broimne  on  the  oil  of  cumin,  heavy  oily 
compounds  are  obtained,  whose  formulae  are  CaoHuOsCl,  and 
Cat^HiiO).  Br  • 

It  is  evident  that  in  these  compounds  a  radical  (ctonyO 
CaoHuOs,  exactly  analogous  to  benzyl,  may  be  assumed^  and 
the  cymen  has  the  place  of  benzin.  The  carbo-hydrogen  of 
the  oil  of  ctunin  is  termed  by  Cahours,  cwnen  ;  its  formula  is 
CaoHu;  its  specific  gravity  0.860;  it  boils  at  330'';  it  may 
be  prepared  artificially  also  from  common  camphor;  with 
sulphuric  acid  it  forms  cumemtdphuric  acid,  which  resembles 
completely  the  other  acids  of  that  class. 

The  stearoptens  or  camphors  containing  oxygen,  will  be 
described  by  and  by. 

The  following  table  contains  a  similar  view  of  the  most 
important  oils  not  containing  oxygen : 
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Plant  yielding  the 
Oil. 


Sp.  Or. 

u  liquid. 


Boiling 
Point. 


Sp.Gr.ai 
Vapour. 


Circular  polarizing 
Power. 


Citron  .  • 
Copaiva  •  • 
Parsley  •  • 
Juniper  •  • 
Savine  .  . 
Cubebs  .  • 
Black  Pepper 
Bergamotte  . 
Turpentine   . 


0-847 
0-878 

•  •  • 
0-839 

•     •    • 

0-92? 

•  .  • 

•  •  • 
0-864 


+  80*»  9,  rigbt 
+  34«>  2,  left 

-  3°  5,  left 

-  40«  1,  left. 
•     •    •         • 

+  29«  3,  right. 

-  43°  3,  left. 


Although  these  oils  have  all  the  feame  per  cent,  compo- 
sition, they  differ  in  the  formula  of  their  atom ;  that  of  tur- 
pentine being  C2oH,6 ;  that  of  cubebs,  CuHu,  and  all  the 
others  being  C10H9.  Although  even  as  given  in  the  table, 
they  constitute  a  remarkable  group  of  isomeric  bodies,  yet 
each  one  is  capable  of  changing  its  molecular  condition  in 
various  ways,  and  thus  generating  other  bodieB,  still  more 
closely  isomeric*  as  they  differ  only  in  their  action  on  polar- 
ized light.  Of  these  changes  I  shall  describe  only  those  of 
oil  of  turpentine,  which  will  serve  as  an  example. 

By  contact  with  oil  of  vitriol,  oil  of  turpentine  changes 
into  another  liquid,  which  has  the  same  specific  gravity  both 
in  the  state  of  liquid  and  of  vapour,  the  same  boiling  point, 
and  the  same  atomic  weight,  but  is  totally  without  action  on 
polarized  light.  This  new  liquid  is  called  ierebene.  If  the 
oil  of  turpentine  be  acted  on  by  muriatic  acid  gas,  it  com- 
bines therewith,  forming  a  dense  liquid,  which  is  muriate  of 
terebene,  and  which  has  no  action  on  light;  but  another  por- 
tion of  the  turpentine  unites  with  the  muriatic  acid,  un- 
changed, and  forms  a  solid,  which  crystallizes  in  fine  white 
prisms,  and  from  its  remarkable  odour,  is  called  artificial 
camphor.  In  this  solid,  the  oil  of  turpentme  preserves  all  its 
action  upon  light,  and  for  convenience  it  may  obtain  the 
name  camphene^  and  the  solid  is  then  muriaie  of  camphene. 


964  ISOMERIC  OILS  OF  TURPENTINE. 

Now  if  this  solid  be  distilled  with  lime,  the  muriatic  acid  is 
remoyed  and  an  oil  obtained,  which  differs  from  camphene 
only  in  having  no  action  on  light,  whilst  it  differs  from 
terebene  in  forming  with  muriatic  acid,  a  solid  product  This 
oil  is  termed  eampUlene,  and  the  muriate  of  eamphilene  is  dis- 
tinguished from  the  muriate  of  camphene,  in  being  quite  des- 
titute of  rotatory  power.  From  none  of  these  products  can  the 
true  oil  of  turpentine,  or  camphene,  be  regenerated.  There 
are  thus  three  forms  of  oil  of  turpentine^  of  which  two  give 
solid  compounds,  and  the  third  a  Uquid,  with  muriatic  acid ; 
two  are  without  action  on  light,  but  the  camphene  rotates 
powerfully  to  the  left:  with  chlorine  they  all  give  heavy 
liquids,  all  of  which  have  the  formula  C9eHuCl4,  but  are  dis- 
tinguished from  each  other  by  their  action  upon  polarized 
light ;  the  chlor^amphene  presenting  the  anomalous  charac- 
ter of  a  rotatory  power  to  the  right. 

When  oil  of  turpentine  is  mixed  with  nitric  acid  and 
gently  heated,  a  thick  and  heavy  oily  substance  is  produced, 
apparently  by  their  direct  union,  and  may  be  separated  by 
the  addition  of  cold  water.  If,  however,  the  materials  be  left 
to  themselves,  after  some  time,  violent,  almost  explosive 
action  seta  in,  copious  red  fumes  are  given  off,  and  a  resi- 
nous material  formed  which  by  boiling  with  more  nitric  acid, 
dissolves,  and  the  solution  on  cooling  yields  crystals  of  tur- 
pentimc  acid.  Its  composition  was  found  by  Bromeis  to  be 
C14H9O7  +  Aq.  The  exact  theory  of  its  formation  has  not 
been  as  yet  ascertained. 

The  other  oils  of  this  class  are  capable  of  similar  meta- 
morphoses which  need  not  be  specially  detailed. 

The  type  C5H4  exists  probably  in  all  essential  oils,  for  it 
will  be  seen  by  reference  to  the  former  table,  of  oils  contain- 
ing oxygen,  that  their  formulas  consist  in  multiples  of  C5H4, 
combined  with  oxygen,  or  with  the  elements  of  water, 

B.  0/tlie  Camphors  or  Siearoptens  of  i fie  Oils. 

The  most  remarkable  substance  of  this  class  is  the  com- 
mon camphor,  which  is  extracted  from  the  wood  of  the 
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laurusand  dryabalanops  camphora,  bydistQIation  with  water. 
In  the  phint  it  is  mixed  with  the  camphor-oil  (CsgHieO) 
from  the  gradual  oxidation  of  which  it  appears  to  be  pro- 
duced. 

Camphor  forms  a  white  semitransparent  mass^  crystalUzed 
in  irregular  octohedrons.  It  is  very  tough  and  difficult  to 
powder ;  its  specific  gravity  is  0*986 ;  its  taste  is  bitter ;  its 
odour  is  well  known ;  it  melts  347^  and  boils  at  890^,  sub- 
liming unaltered ;  it  is  sparingly  soluble  in  water,  but  easily 
so  in  alcohol  and  ether ;  its  formula  is  C9oHie02.  The  specific 
gravity  of  its  vapour  is  6317,  which  might  be  considered  as 
formed  by  one  volume  of  vapour  of  camphene  and  half  a 
volume  of  oxygen  (4776  +  551*3).  Hence  camphor  and  cam- 
phor-oil  may  be  looked  upon  as  oxides  of  an  oil  of  the  tur- 
pentine family. 

When  camphor  is  heated  with  lime,  water,  and  an  oil,  cam^ 
phron  (CaoHsgO),  are  produced.  With  muriatic  acid  it  unites, 
forming  a  colourless  liquid,  whose  formula  is  CaoHnOaCL 
By  boiling  with  strong  nitric  acid  it  is  completely  converted 
into  camphoric  acid. 

This  acid  crystallizes  in  small  rhomboidal  tables,  which 
taste  sour  and  bitter;  it  melts  at  145^,  gives  off*  water,  and 
leaves  the  anhydrous  acid,  which  melts  at  423^  and  distills 
over  at^l8^  without  alteration.  The  formula  of  the  anhy- 
drous acid  is  C10H7O3 ;  the  crystals  contain  an  atom  of 
water.  The  salts  of  camphoric  acid  are  not  important,  and 
appear  to  differ  in  properties  according  as  the  dry  or  by- 
drated  acid  was  employed  to  form  tliem.  The  camphorate 
of  ether  is  a  dense  liquid,  which,  with  camphoric  acid,  forms 
the  camphotnmc  acid,  a  thick  heavy  liquid  which  is  decom- 
posed by  heat,  and  forms  unimportant  salts. 

When  camphor  is  distilled  with  glacial  phosphoric  acid, 
water  is  formed,  and  a  volatile  oil  passes  over,  having  the 
formula  CaoUui  and  identical  in  every  respect  with  the 
cymen  obtained  from  oil  of  cumin,  as  described  in  p.  962. 

When  camphor  in  vapour  is  passed  over  hydrate  of  pot- 
ash, heated  to  about  700^,  an  acid  is  formed,  which  has  the 
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formula  CgoHnOa  +  Aq.  This  camphoric  acid  fuses  at  ITe"" 
and  boils  at  482^ ;  it  may  be  distilled  unchanged.  It  b  in- 
soluble in  water^  but  dissolves  abundantly  in  alcohol  and 
ether,  and  crystaUiaees  from  these  solutions  on  cooling. 
When  it  is  heated  with  phosphoric  acid,  a  volatile  oil  is  pro- 
duced, campholcn,  having  the  formula  CibHm.  When  cam- 
pholeate  of  lime  is  distilled,  another  oily  fluid  is  formed, 
whose  formula  is  Ci^HnO. 

Of  the  camphors  of  the  other  volatile  (mIs,  only  a  few  re- 
quire any  detailed  notice.  The  characters  of  most  of  them 
are  given  in  the  following  table : 


Plant  ginng  the 
Camphor. 

Sp.  Gr. 
aa  Uquid. 

Melting 
Pdnt 

BoiUyg 
Point 

8^0r. 
ofVaponr. 

FanaaU. 

Rose  (Otto)  . 
Pitfselj    .     . 

.      .      . 

770 
70» 

550" 

552» 

CH 

C„HA 

C,H,0 

C,H.O 

C.,H.A 

C«H.A 

C«H.A 

C.,H,0, 

C,«H,.0 

IrisFIorentina 
Elicampane . 
Asarum  . 
Fenndl    •    • 
Anise  •    .    • 

•      •      • 

1014 

108« 
104« 

68» 
64" 
9I» 

630» 
428» 
430« 
406» 

5680 
5455 

Peppennint  . 
Cubebs   .    . 

•         •         • 

Turpentine  . 

1-057 

302? 

31  !• 

•         ■        • 

On  comparing  these  formulie  with  those  of  the  corres- 
ponding oils  (p.  963),  it  is  seen  that  the  camphors  arise  from 
very  various  causes ;  in  some  cases  they  are  isomeric  with 
the  oils,  in  others  oxides  of  them,  and  in  others  hydrates ; 
thus,  the  camphor  of  turpentine  may  be  formed  at  will,  by 
agitating  the  oil  with  water  and  then  exposing  it  to  cold ;  the 
hydrate  crystallizes  out  in  colourless  prisms,  sometimes  of 
great  size. 

The  peppermint  camphor  has  been  found  to  yield,  by  the 
action  of  reagents,  a  series  of  compounds.  Thus,  by  the 
action  of  glacial  phosphoric  acid,  or  of  oil  of  vitriol,  a  light 
oil  was  obtained,  having  the  formula  C21H18,  which  is  termed 
menihcn.     By  the  action  of  chlorine,  a  thick  heavy  liquid  is 
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produced,  C2iHi4Cl602.  By  nitric  acid,  menthen  yields  a 
heavy  oily  liquid,  CaiHuOo.  which  possesses  acid  properties ; 
and  with  chlorine',  menthen  yields  a  sirupy  yellow  liquid, 
having  the  formula  CgiHiaCls. 

The  anise-camphor  yields  with  bromine  a  crystalline  sub- 
stance CaoHgBraOg,  and  with  sulphuric  acid  an  oily  substance, 
amscHne^  isomeric  with  itself.  By  nitric  acid  it  is  converted 
into  a  body  which  crystallizes  in  long  needles,  aniaic  acid, 
CiaHeOs  +  Aq.  which  forms  salts  with  metallic  oxides,  and 
gives  by  further  action  the  nUramric  acid,  C16H5NO3  +  Aq. 
and  nUramrid,  CaoHioNaOi©. 

C.  Of  the  Resins. 

The  bodies  of  this  class  approach  closely  to  the  cam- 
phors in  composition  and  properties,  but  are  distingubhed 
by  not  being  volatile  without  decomposition,  and  being  ge- 
nerally capable  of  acting  as  acids.  The  most  important  will 
be  first  specially  noticed,  and  the  properties  and  formulsB 
of  the  remaining  expressed  in  a  table. 

Besins  of  Turpentine. — ^The  ordinary  white  resin  co- 
exists, in  the  different  species  of  pine,  with  oil  of  turpentine 
and  is  obtained  by  making  incisions  through  the  bark,  when 
the  thick  tenacious  turpentine  flows  out.  This,  when  distilled 
with  water,  gives  off  the  oil,  whilst  the  resin  remains,  and  is 
called  colophony.  It  is  a  mixture  of  two  resins  which,  though 
having  the  same  composition,  differ  in  properties,  and  are 
termed  the  pinic  and  sylvic  acids. 

The  Pinic  Acid  is  obtained  by  digesting  colophony  reduced 
to  fine  powder,  in  cold  spirit  of  sp.  gr*  0*865,  which  does 
not  dissolve  sylvio  acid.  The  solution  is  to  be  mixed  with  a 
spirituous  solution  of  acetate  of  copper,  as  long  as  a  precipi- 
tate forms.  This  pinate  of  copper  is  to  be  dissolved  in  strong 
boiling  spirit,  decomposed  by  a  little  muriatic  acid,  and  then 
mixed  with  water ;  the  pinic  acid  precipitates  as  a  resinous 
powder  which  may  be  dried  at  a  moderate  heat. 

When  quite  pure,  pinic  acid  is  colourless ;  it  melts  at  257^, 
but  becomes  soft  at  149^:  its  solution  in  alcohol  reacts  acid. 

3k2 
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It  expels  carbonic  acid  from  bases ;  its  alkaline  salts  are 
soluble;  its  earthy  and  metallic  salts  insoluble  in  water,  but 
many  of  them  soluble  in  spirit ;  its  formula  is  C4oH3o04« 

When  a  solution  of  pinic  acid  in  alcohol  is  long  exposed 
to  the  air,  it  absorbs  oxygen  and  forms  oxypinic  add,  the 
formula  of  which  is  C4oH3o08 ;  it  is  a  stronger  acid  than  the 
pinic.  When  heated  with  lime,  pinic  acid  is  decomposed, 
and  three  different  volatile  oils  obtained,  which  need  not  be 
specially  noticed. 

The  Sflvie  Acid  remains  when  the  pinic  acid  is  dissolved 
by  weak  alcohol.  As  it  is  not  pure,  the  residue  is  to  be  dis- 
solved in  two  parts  of  boiling  spirit  of  0-865 ;  on  cooling 
the  sylvic  acid  separates.  By  a  second  solution  all  the 
traces  of  pinic  acid  may  be  removed.  The  pure  sylvic  acid 
crystallizes  from  its  alcoholic  solution  in  colourless  rhombic 
prisms  ;  it  melts  at  212^ ;  it  is  easily  soluble  in  strong  alco- 
hol and  in  ether,  but  insoluble  iu  water;  its  formula  is 
C40H90O4.   Its  salts  are  exactly  similar  to  those  of  pinic  acid. 

When  either  pinic  or  sylvic  acids  are  kept  melted  for 
some  time,  they  become  brown,  and  change  into  a  resin  very 
sparingly  soluble  in  alcohol,  and  possessed  of  stronger  acid 
properties  than  either;  it  is  termed  colophanic ctcid ;  it  ensts 
in  small  quantity  in  common  resin. 

The  resin  of  the  spruce  fir  has  been  found  by  Johnstone 
to  be  a  mixture  of  two  resins  which  are  separated  by  means 
of  alcohol.  The  more  soluble,  or  A  resin,  has  the  formula 
C40H31O6,  the  less  soluble,  or  B  resin,  that  of  €40113905 ; 
they  both  possess  acid  characters. 

For  the  manufacture  of  tar  and  pitch,  the  pine  wood 
containing  turpentine  is  exposed  to  a  kind  of  destructive  dis- 
tillation, in  kilns  hollowed  out  in  the  ground.  Although  a 
large  quantity  of  the  resin  flows  out  undecomposed  (as  colo> 
pholic  acid),  yet  the  important  components  of  the  tar  are 
bodies  belonging  to  a  different  series,  which  will  be  de- 
scribed hereafter. 

A  great  variety  of  resins,  of  important  use  in  medicine 
and  in  the  arts,  exude  from  trees,  either  pure,  or  mixed  with 
oils,  or  with  gums  {gum  resins),  sometimes  with  benzoic  or 
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cinnamic  acids^  constituting  balsams.  Frequently  there  are 
many  kinds  of  resins  mixed  together,  but  they  all  possess 
the  characters  of  fusibility,  insolubility  in  water,  and  of  being 
dissolved  by  alcohol,  ether,  essential  oils,  and  alkaline  solu- 
tions.   Their  composition  b  given  in  the  following  table : 


Anime  Resin  .  • 
Elemi  Besin  .  . 
Fossil  Copal  .  . 
B.  Mastic  Eesin  . 
Antiar  Besin  .  . 
B.  Copal  Besin  • 
Birch  Besin  .  . 
A.  Mastic  Besin  . 
Copaiva  Besin     • 

A.  Elemi  Besin 

B.  Olibanum  Besin 

C.  Sandarach 
Ammoniac  Besin 
B.  Assafoetida 
Goiacum    .    .    • 
Bdellium  Besin  . 
A.  Sandarach 


0H33O 


.  C^H3.0 

.  C49H31O, 

•  C40H30O, 

•  C4oH3,03 

•  C40H33O3 

•}C„H,A 

•  C4oH,o06 

.  C40HJ509 

•  C43H„Oio 


:l 


C^oHa.O, 


B.  Sandarach    . 
A.  Euphorbium. 
Asphaltene    .    .  . 
A.  Olibanum     • 
Labdaiium    .    • 
Pasto  Besin 
Sagapenum    •    . 
Scammony    .    . 
Jalap  Besin  .     . 
Galbanum     .    . 
Dragon's  Blood 
Gamboge .     .     . 

A.  Assafcetida  . 
Acaroid  Besin  . 
Opoponax     .    . 

B.  Benzoin  Besin 
A.  Benzoin  Besin 


}C«H3A 
C49H33O7 

^40^3,08 
C4oH^09 
C4oH330,o 

C4oH«,Oe 

C4qHj30a 
C4oH,«Oj9 

C4oH«oO,j 
C4oH^O,4 

C40H.A 

C4oH,<,07 


In  all  this  series  of  resins  it  is  evident  that  the  carbon 
remains  unaltered,  and  Johnstone  has  shown  that  they  may 
all  be  considered  as  derived  from  oils  having  the  turpentine 
constitution  z=  C^oHa^. 

A  substance  which  is  connected  with  the  preceding  in 
many  ways  is  amber.  This  body  is  found  in  rounded  pieces, 
mixed  with  or  attached  to  fragments  of  decomposing  wood 
in  the  lignite  beds  of  the  north  of  Europe.  It  is  also  foimd 
cast  on  shore  by  the  waves,  along  the  coast  of  the  Baltic.  It 
is  yellow,  transparent,  and  often  contains  imbedded  in  it, 
insects,  and  parts  of  plants,  so  as  to  prove  it  to  have  been  per- 
fectly liquid  when  first  formed.  It  is,  in  fact,  the  turpentine 
of  unknown  trees  belonging  to  a  former  geological  epoch ; 
its  specific  gravity  is  1*067;  when  heated  it  melts,  and  is 
then  totally  decomposed;  its  relations  to  electricity  have 
been  fully  noticed,  p.  173.    Amber  is  found  to  be  a  mixture 
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of  two  resins,  which  are  soluble  in  alcohol  and  ether,  a  bi- 
tumeu  insoluble  in  those  liquids,  a  volatile  oil,  and  a  peculiar 
add,  the  succinic  acid.  It  is  used  very  extensively  in  the 
arts  as  a  material  for  varnishes ;  but  to  the  chemist  its  prin-  j 

oipal  interest  is  its  electrical  properties,  and  as  a  source  of  j 

its  acid.  • 

Succinic  Acid  is  obtained  by  the  destructive  distillation 
of  amber;  it  partly  sublimes  into  the  neck  of  the  retort  in 
discoloured  crystals,  and  partly  dissolves  in  the  water  which  I 

comes  over ;  by  solution  in  nitric  acid  it  may  be  freed  from 
the  resinous  colouring  matters.  It  may  also  be  obtuned  from 
the  amber  by  digestion  with  alcohol  or  solution  of  potash ; 
it  hence  pre-exists  in  the  amber,  and  is  not  produced  by  the 
heat.  It  is  found  in  small  quantity  also  in  ccdophony,  and  is 
abundantly  produced  by  the  action  of  nitric  acid  on  the  fatty 
acids,  as  the  stearic  or  margaric. 

Succinic  acid  crystallizes,  from  its  solution  in  water,  in 

colourless  right  rhombic  prisms,  as  m  I  a  in  the  figure,  which 

have  the  formula  C4H2O3  +  Aq. ;  when  heated  to 

350^  it  melts,  abandoning  half  its  water,  and  at 

450^ sublimes  in  an  anhydrous  state;  its  solution 

in  water  is  markedly  acid ;  when  heated  with  lime, 

/    ) ""/  a  volatile  liquid  is  produced,  succinane,  the  exact 

^s!2iy^   formula  of  which  is  not  established. 

The  salts  of  succinic  acid  are  mostly  soluble  and  crystal- 
lizable. 

The  Succinate  of  Soda,  prepared  by  neutralizing  the  acid 
by  carbonate  of  soda,  crystallizes  in  doubly  oblique  rhombic 
prisms,  of  which  i  u  v  are  primary,  and  »  n  secondary  faces 
in  the  figure ;  it  is  permanent  in  the  air,  and  very  soluble  in 
water.  The  succinate  of  ammonia,  which  is  much 
used  in  mineral  analysis,  for  the  separation  of  a 

iron  from  manganese,  crystallizes  in  nearly  the  | 

same  form  as  the  soda  salt  figured  above.  The 
succinates  of  barytes,  lime,  and  lead,  are  white  powders,  inso- 
luble in  water.  The  succinate  0/ manganese  forms  rose-red^ 
four-sided  prismatic  crystals,  permanent  in  the  air,  and  so- 
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luble  in  ten  parts  of  cold  water.  The  succinate  of  ike  per* 
oxide  of  iron  is  precipitated  when  an  alkaline  succinate  is 
added  to  any  salt  of  iron,  not  containing  an  excess  of  acid ; 
it  forms  a  pale  brownish-red  powder,  insoluble  in  cold  water, 
but  decomposed  by  boiling  water,  which  dbsolves  out  the 
acid  with  a  small  quantity  of  the  iron ;  it  dissolves  readily  in 
acid  liquors. 

The  BisuccimUe  of  Ammonia  gives  off  water  when  heated, 
and  a  white  crystalline  solid  sublimes,  which  is  termed  mcc- 
einamid*    Its  formula  is  CbH504N* 

The  rare  mineral  mettite  (see  p«  8^),  is  only  found  ac- 
companying amber  in  the  deposits  of  lignite. 

Caoutchouc — Indian  Rubber, — ^This  substance,  now  so 
much  used  in  the  laboratory  for  connecting  pieces  of  appa- 
ratus, and  so  extensively  employed  in  the  arts,  possesses 
much  similarity  to  the  resins.  It  dissolves  but  imperfectly 
even  in  ether ;  its  proper  solvent  being  the  volatile  oils  into 
which  it  is  converted  by  distillation.  One  of  these  is  the 
lightest  liquid  known,  its  specific  gravity  being  but  0*654 ; 
it  boils  at  92^ ;  it  has  been  termed  far adjfn.  Another,  known 
as  eaouichene,  has  a  specific  gravity  of  0*842 ;  it  boils  at 
340°.  The  composition  of  these  liquids,  or  of  caoutchouc 
itself,  is  not  well  known,  as  they  have  not  been  as  yet  ob- 
tuned  absolutely  pure ;  but,  so  far  as  I  can  judge,  they  ap* 
pear  all  to  have  the  same  composition  as  oil  of  turpentine. 


CHAPTER  XXIII. 

OF  THE  SAPONIFIABLE  FATS  AND  OILS. 

The  substances  of  this  class  are  found  both  in  the  animal 
and  vegetable  kingdoms  very  extensively  distributed.  In 
animals,  the  various  fats  are  deposited  in  the  cavities  of  the 
cellular  tissue,  but  often  also  diffused  through  the  mass  of 
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the  glandular  organs.  In  plants,  the  oils  or  fats  are  generallj 
found  in  the  investing  membranes  of  the  seed,  or  in  the  cel- 
lular texture  of  the  fruit.  The  leaves  or  roote  seldom  con- 
tain any  fatty  matter.  The  faU  and  oils,  as  they  exist  in  na- 
ture, are  mixtures  of  a  few  simple  fatty  and  oily  bodies  in 
variable  proportions ;  their  degree  of  consistence  depending 
on  the  relative  preponderance  of  the  solid  or  liquid  consti- 
tuent. The  greater  number  of  fats  consist  of  two  simple 
fate,  siearine  and  margarine,  and  a  simple  oil,  ofetw;  but 
these  three  bodies,  which  may  be  considered  as  the  bases  of 
all  fats  and  oils,  are  accompanied  generally  by  smaller  quan- 
tities of  solid  or  liquid  fate,  which  are  often  peculiar  to  a 
particular  animal  or  plant.  These  fatty  bodies  are  ^Si  fixed; 
that  is,  they  cannot  be  distilled  without  decomposition; 
bnt  they  are  totally  converted  by  heat  into  volatile  bodies, 
undergoing,  in  some  cases,  singular  metamorphoses,  which 
will  be  described  in  the  history  of  the  individual  &te. 

Exposed  to  the  air  the  fatty  bodies  gradually  absorb  ox- 
ygen, and  evolve  carbonic  acid  ;  they  at  the  same  time  obtein 
an  acid  reaction,  and  a  smell  well  known  as  rancid.  Most  of 
this  change  appears  to  result  from  minute  quantities  of  azo- 
tised  organic  tissues  which  remain  interspersed  through  the 
fate.  A  great  number  of  oils,  however,  absorb  oxygen  very 
rapidly,  and,  evolving  carbonic  acid,  change  into  a  soft  resi- 
nous body  ;  they  are  hence  termed  drying  oils,  and  are  used 
so  in  painting.  This  drying  quality  is  increased  by  combin- 
ing the  oil  with  a  small  quantity  of  a  base,  as  oxide  of  lead. 

The  most  important  fact  in  the  history  of  the  fixed  oils 
and  fate  is,  that  by  the  action  of  alkalies  they  are  converted 
into  soaps ;  whence  the  name  of  saponifiable  given  to  the 
class.  By  means  of  the  alkali,  the  fat  or  oil  is  decomposed 
into  an  acid  which  combines  with  the  base,  forming  a  true 
salt,  which  is  the  soap,  and  a  substence  soluble  in  water,  of 
a  sweet  taste,  which  is  the  same,  no  matter  what  kind  of  fat 
had  been  employed.  This  substence,  the  sweet  principle  of 
the  oils,  OT  glycerine,  is  united  in  each  fat  with  a  different  acid, 
and  hence  as  the  fats  are  best  described  as  salte  of  glycerine 
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I  shall  first  notice  the  composition  and  properties  of  the  base 
itself. 

Cf  Glycerine.— CJl^Oi^  +  Aq.  Eq.  1157-4,  or92'3.  To 
obtain  glycerine,  any  fatty  matter  is  to  be  saponified  by  a 
caustic  alkali.  The  solution  being  decomposed  by  tartaric 
acid,  which  precipitates  the  fatty  acid,  is  to  be  evaporated, 
and  the  glycerine  dissolved  out  by  strong  alcohol.  It  may 
also  be  obtained  by  saponifying  the  fat  by  oxide  of  lead, 
and  treating  the  watery  solution  with  sulphuretted  hydrogen 
to  precipitate  some  oxide  of  lead  which  dissolves ;  the  glyce- 
rine may  then  be  obtained  by  evaporation. 

Glycerine  cannot  be  obtained  solid.  When  brought  to  its 
greatest  degpree  of  consistence  by  evaporation  in  vacuo  over 
sulphuric  acid,  it  is  a  colourless  syrup,  sp,  gr.  =  1*26;  it 
dissolves  in  water  and  alcohol,  but  is  insoluble  in  ether ;  it 
is  decomposed  by  heat.  With  nitric  acid  it  produces  oxalic 
and  formic  acids.  Boiled  with  solutions  of  copper  it  preci- 
pitates metallic  copper.  With  chlorine  it  forms  a  white  floc- 
culent  solid,  having  the  formula,  C13H11O10CI3,  and  with 
bromine  it  gives  a  dense  oily  liquid,  whose  formula  is 
CuHiiOioBra* 

When  glycerine  is  mixed  with  oil  of  vitriol,  they  unite 
without  blackening,  and  form  an  acid  compound,  sulpho- 
glyceric  acidy  the  formula  of  which  is  C6H7O5.2SO3.HO. 
With  bases  this  acid  forms  soluble  salts,  having  considerable 
analogy  to  the  sulphovinates.  The  sulpho-glycerate  of  lime 
crystallizes  in  long  delicate  needles,  whose  formula  is 
C6H7O5.SO3  +  S03.CaO.  The  compounds  of  glycerine  with 
the  fatty  acids  constitute  the  various  kinds  of  fats  and  oik. 

Of  Siearine  and  Stearic  Acid, 

Stearine  is  the  essential  constituent  of  all  solid  fats,  and 
preponderates  in  proportion  to  their  consistence.  It  is  best 
obtained  from  mutton-suet,  either  by  washing  it  with  ether, 
as  long  as  anything  is  dissolved,  or  by  mixing  up  melted 
suet  with  six  times  its  volume  of  ether,  and  subjecting  the 
mass  when  cold  to  strong  pressure.    In  both  cases  the  stea« 
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line  remains  behind ;  it  is  generally  crystalline  like  sperma- 
cetif  not  at  all  greasy  between  the  fingers^  and  is  easily  pow- 
dered ;  it  melts  at  14S^ ;  it  is  insoluble  in  water  and  in  cold 
ether ;  it  dissolves  in  boiling  alcohol  or  ether,  and  crystallizes 
out  as  it  ooohi.  The  formula  of  stearine  is  C142H141O17,  con- 
suting  of 

1  atom  of  glycerine      =  C«  H,  0« 

2  atoms  of  stearic  acid  =r  C|,5Hi3,0,o  >  =  Cu,H,^,0,7. 
2  atoms  of  water  =       H,  O, 

By  the  action  of  strong  bases,  or  of  strong  acids,  it  is  se- 
parated into  these  constituents.  A  similar  decomposition  is 
effected  by  heat. 

Stearic  Acid  is  obtuned  pure  by  saponifying  stearine  by 
potashi  and  decomposing  the  solution  by  means  of  warm 
dilute  muriatic  acid.  The  stearic  acid;  which  precipitates, 
is  to  be  washed  with  water  and  dissolved  in  boiling  alcohol, 
whence  the  pure  acid  crystallizes  on  cooling,  in  brilliant 
white  plates. 

When  mutton-suet  is  directly  saponified,  very  trouble- 
some operations  are  necessary  to  free  the  stearic  acid  from 
the  other  fatty  acids  which  accompany  it. 

Pure  stearic  acid  is  tasteless  and  inodorous.  It  does  not 
melt  below  158^ ;  the  melted  acid  forms  a  crystalline  mass 
on  cooling ;  it  is,  apparently,  volatile,  and  may  be  distilled, 
unaltered  in  close  vessels ;  it  is  insoluble  in  water,  but  dis- 
solves in  hot  alcohol ;  the  solution  reddens  litmus ;  its  com- 
position when  crystallized  is  CosHeeOs  +  SAq.  When  heated 
in  contact  with  lime,  carbonic  acid  is  formed,  and  a  volatile 
liquid,  stearant  whose  formula  b  CeeHeeO. 

Stearic  acid  is  but  feeble  in  its  action :  it  expels  the  car- 
bonic acid  from  the  alkalies  only  when  the  solution  is  boUing. 
It  is  bibasic,  forming  two  classes  of  salts,  the  bisiearaiesy 
which  contain  one  atom  of  water  and  one  of  fixed  base,  and 
the  neutral  stearates  which  contain  two  atoms  of  fixed  base. 
The  alkaline  stearates  are  the  only  salts  soluble  in  water ; 
they  dissolve  also  in  alcohol.  If  neutral  stearate  of  potash 
be  mixed  with  a  large  quantity  of  boiling  water,  it  is  decom- 


1  atom  of  stearic  ether. 
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posed,  one-half  of  the  potash  becoming  freci  and  the  bis- 
tearaie  of  potash  precipitating  in  minute  crystalline  scales. 
A  solution  of  soap  precipitates  all  earthy  and  metallic  salts, 
producing  insoluble  stearates. 

The  Stearic  ether  is  exceedingly  remarkable,  as  it  cor- 
responds exactly  to  stearine  in  composition,  the  glycerine 
being  replaced  by  ether*  Thus  its  formula  is 

1  atom  of  ether  =  C*  H,  0. 

2  atoms  of  stearic  acid  =:  C,36H|3,Oio 
2  atoms  of  water  =z       H,  0« 

Stearic  acid  is  now  very  extensively  used  for  making 
candles.  The  tallow  is  saponified  by  boiling  with  a  thin 
paste  of  lime.  The  glycerine  is  washed  out,  and  the  soap 
being  decomposed  by  muriatic  acid,  the  oleic  acid  is  removed 
from  the  stearic  acid  by  violent  pressure  between  folds  of 
cloth.  The  pure  stearic  acid,  when  solidifying,  assumes  a 
crystalline  structure,  which  would  spoil  the  appearance  of 
the  candle,  and  this  tendency  is  removed  by  the  very  im- 
proper addition  of  one  part  of  arsenious  acid  to  about  2000 
of  stearic  acid. 

Of  Margarine  and  Margaric  Add. 
Margarine  exists  along  with  stearine  in  most  fats,  but  is 
most  characteristic  of  human  fat.  It  is  prepared  from  the 
ethereal  solution,  which  has  left  the  stearine  undissolved. 
This  liquor  is  to  be  evaporated,  and  the  residue  dissolved 
in  boiling  alcohol,  from  which  the  margarine  crystallizes  as 
the  solution  cools ;  it  melts  at  1 18®.  In  all  other  properties 
it  resembles  stearine,  but  is  much  more  soluble  in  ether  and 
alcohol ;  it  consists  of  C74H74O12. 

1  atom  of  glycerine  =  Ca  H^  0, 

2  atoms  of  margaric  acid  =  Cei^B^O^ 
1  atom  of  water  =      HO 

By  the  action  of  bases  it  is  separated  into  glycerine  and 
margaric  acid. 

The  preparation  of  margaric  acid  is  precisely  similar  to 


1  atom  of  margarine. 
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that  of  the  stearic  acid,  which  it  resembles  very  closely, 
being  most  different  in  its  melting  point,  which  is  140^.  On 
solidifying,  it  crystallizes  in  white  needles.  When  carefully 
heated  it  volatilizes  without  alteration.  The  formula  of  mar- 
garic  add  is  CMH33O3  +  Aq.  If  it  be  mixed  with  lime  and 
distilled,  carbonic  acid  is  produced,  which  combines  with 
the  lime,  and  a  volatile  substance  is  obtained  which  is 
termed  mar^aron.  Its  formula  is  CasHagO.  It  is  a  white  solid, 
of  a  pearly  lustre,  which  melts  at  170^,  and  forms,  on  cooling, 
a  crystalline  mass  like  spermaceti.  By  repeated  distillation 
with  lime,  all  oxygen  is  removed  as  carbonic  acid,  and  a  vola- 
tile oily  substance  obtuned,  having  the  composition  of  ole- 
fiant  gas. 

The  experiments  of  Redtenbacher  have  indicated  a  re- 
markable source  of  margaric  acid  in  the  distillation  of 
stearic  acid.  The  distilled  product,  though  in  appearance 
unchanged  stearic  acid,  yet  does  not  in  reality  contain  any 
trace  of  it,  being  a  mixture  of  margaric  acid,  of  margarone, 
and  of  the  volatile  oily  carbo-hydrogen.  The  reaction  being 
that, 

'  6  atoms  of  margaric  acid  C«>^H^O^ 
1  atom  of  water  H    O 


4  atoms  of 
hydrated 
stearic  acid 
CmHmOft 


produce 


1      „       maigaron         v^m  *'m 
1      „       carbonic  acid    C  O, 

The  oily  carbohydrogen  C,^  H,^ 


Redtenbacher  doubts  the  real  existence  of  stearone,  as 
none  of  it  is  produced  in  this  reaction. 

The  salts  of  margaric  acid  resemble  perfectly  the  stea- 
rates  in  their  properties,  but  the  acid  being  monobasic, 
there  is  but  one  class  of  margarates.  The  pearly  lustre  of 
the  crystalline  scales  of  the  margarate  of  potash  gave  oc- 
casion to  the  name  of  this  acid,  from  the  word  /uapyoptniCf  ^ 
pearL 

If  we  compare  the  formulae  of  the  bodies  now  described, 
we  find  them  capable  of  being  expressed  by  a  very  simple 
theory  :  thus,  indicating  an  hypothetic  carbo-hydrogen, 
CjiHas,  by  R,  the  stearic  acid  becomes  Rs  +  O5,  and  the 
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margaric  acid,  R  4*  O3.,  being  related  as  hyposulphiiric 
and  sulphuric  acids.  Also,  as  Redtenbacher  has  remarked, 
all  the  results  obtained  might  be  accounted  for,  by  ascribing 
to  margaron  the  formulaC34H330,  in  which  case  it  becomes 
R  +  O,  and  the  volatile  oil  may  be  R  +  H.  Further  re- 
searches are,  however,  wanted  to  give  experimental  evi- 
dence on  these  points. 

Of  Olein  and  Oleic  Acid. 

Olein  exists  in  small  quantity  in  the  various  solid  fats, 
but  constitutes  the  great  mass  of  the  liquid  fixed  oils,  which 
are  not  drying  ails.  It  holds  dissolved  more  or  less  stearine 
and  margarine,  of  which  the  greatest  part  may  be  sepa- 
rated by  exposure  to  cold,  when  they  crystallize.  Olive  oil 
contains  a  large  quantity  of  margarine,  and  hence  freezes 
very  readily.  The  expressed  oil  of  sweet  almonds  is  the 
purest  native  olein ;  next  to  it  is  rape  oil. 

To  obtain  pure  olein,  almond  oil  is  dissolved  in  hot  ether, 
and  the  solution  exposed  to  great  cold  ;  the  traces  of  mar- 
garine crystallize  out  completely,  and  by  evaporation  the 
ether  is  removed.  Olein  remains  liquid^' at  0®.  Fah.  In 
constitution  it  resembles  the  solid  fats,  containing  a  peculiar 
acid,  oleic  acid,  combined  with  glycerine  and  water. 


1  atom  of  glycerine    C^  Hy  0^ 

2  atoms  of  oleic  acid  CsgH^eOe 
2  atoms  of  water  H,  0, 


produce  1  atom  olein 
C94H87O13 


Oleic  Acid  is  obtained  by  saponifying  olein  with  a  strong 
solution  of  potash,  then  decomposing  the  oleate  of  potash 
by  muriatic  acid,  washing  the  oil  which  separates,  and  dry- 
ing it  with  chloride  of  calcium ;  when  cooled  below  2(f  F., 
it  congeals  as  a  mass  of  needly  crystals.  Its  specific  gravity 
at  60^  is  0*898 ;  it  is  tasteless  and  inodorous  when  pure ;  it 
is  insoluble  in  water,  but  abundantly  soluble  in  alcohol  and 
ether ;  these  solutions  react  strongly  acid ;  its  composition 
has  been  determined  by  Varentrapp  to  be  €44113004  +  Aq. ; 
its  alkaline  salts  are  soluble,  and  form  soft  masses,  destitute 
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of  tendency  to  crystallize;  they  are  still  more  soluble  in  al- 
cohol. The  earthy  and  metallic  salts  are  white  plastery  sub- 
stances, insoluble  in  water.  The  oleaie  of  lead  is  soluble  in 
ether,  by  which  it  may  be  perfectly  separated  from  the  stea- 
rate  or  margarate  of  lead.  The  oleic  ether  was  formed  by 
Varrentrapp  by  passing  muriatic  acid  gas  into  a  solution  of 
oleic  acid  in  alcohol.  It  is  a  colourless  liquid  sparingly  so- 
luble in.  alcohol,  lighter  than  water,  but  heayier  than  alco- 
hol, from  which  it  is  deposited  as  it  forms;  its  formula  is 
C44Ha904  +  Ae.O. 

When  oleic  acid  is  distilled,  a  portion  of  it  passes  over 
unaltered,  but  the  greater  part  is  decomposed,  and  some 
charcoal  remains  in  the  retort.  The  distilled  products  are 
eebade  add  and  a  Uquid  carbo-hydrogen,  isomeric  with  ole- 
fiant  gas ;  sebacic  acid  is  not  produced  by  the  distillation  of 
any  other  &tty  substance  than  oleic  acid,  and  hence  may  be 
considered  as  characteristic  of  it.  The  decomposition  con- 
sists in,  that 

'  1  atom  of  sebacic  add,  C10H9O4 
8  atoms  of  carbonic  acid,  €3  Oe 
carbo-hydrogen,    .    .  C71H71 
^  residual  charcoal   .    •  C4 

Sebacic  acid  had  been  considered  as  a  product  of  the 
destructive  distillation  of  all  fatty  bodies  ;  but  it  has  been 
shown  by  Redtenbacher  to  arise  only  from  oleic  acid ;  the 
distilled  product  is  to  be  washed  with  boiling  water,  which 
dissolves  the  sebacic  acid ;  on  the  addition  of  acetate  of  lead, 
a  white  precipitate  is  obtained,  which,  being  decomposed 
by  sulphuretted  hydrogen,  gives  sulphuret  of  lead,  whilst 
the  pure  sebacic  acid  dissolves,  and  m«^  be  obtained  crys- 
tallized by  the  evaporation  and  cooling  of  its  solution. 

The  crystallized  sebacic  acid  closely  resembles  the  ben- 
zoic acid  in  properties  and  appearance;  its  solution  red- 
dens litmus;  its  alkaline  salts  are  very  soluble;  its  lead, 
silver,  and  mercury  salts  are  insoluble  in  water ;  from  a  strong 
solution  of  an  alkaline  sebacaie,  the  acid  is  precipitated  in 
voluminous  crystalline  flocks,  on  the  addition  of  a  stronger 


2  atoms  of  hy- 

drated  oleic  acid 

CfleHfloOio 


produce 
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acid.  When  completely  pure^  the  sebacic  acid  is  totally 
without  odour;  the  strong  smell  of  heated  oil  being  due  to 
the  formation  of  a  totally  different  substance,  acrolean.  The 
dry  sebacic  acid  has  the  formula  CioHgOa,  when  crystallized 
it  becomes  CioHgOa  +  Aq. 

Of  the  Action  of  Nitric  Acid  on  Stearic,  Margaric,  and 
Oleic  Acids. 

By  the  gradual  oxidation  of  those  fatty  acids,  a  series  of 
bodies  result,  which  have  so  much  connexion  with  each 
other,  as  to  be  most  conveniently  studied  in  relation  to  their 
origin. 

A»  If  stearic  acid  be  digested  with  two  or  three  times  its 
weight  of  common  aquafortis,  at  a  moderate  heat,  a  very  lively 
action  commences  after  some  time,  and  copious  red  fumes  are 
given  off.  When  the  mixture  has  ceased  to  froth  up,  and  the 
action  of  the  acid  ceases,  the  only  product  forms  a  colourless 
layer  on  the  surface  of  the  acid  liquor,  and  is  found  to  be 
pure  margaric  acid.  The  change  here  is  evidently  a  simple 
oxidation,  as  R9  +  O5  and  O  give  2(R  +  O3)  as  described 
in  p.  977. 

If  the  fatty  acid  be  acted  on  by  successive  quantities  of 
tbe  nitric  acid  until  it  disappears,  the  watery  liquor  deposits, 
on  cooling,  abundance  of  crystallized  succinic  acid,  and  the 
mother  liquor  of  these  crystals  being  evaporated  to  one-half, 
forms,  on  cooling,  a  thick  mass  of  crystals,  which  may  be 
washed  with  cold  water,  and  being  purified  by  recrystal- 
ligation,  are  found  to  be  identical  with  the  acid  formed  by 
the  action  of  nitric  add  on  the  peculiar  woody  tissue  which 
exists  in  cork,  Suberine,  and  which  will  be  hereafter  de« 
scribed.  This  acid  is  termed  the  Suberic  acid;  it  is  white, 
inodorous,  and  of  a  feebly  acid  taste ;  easily  soluble  in  alco- 
hol and  water ;  the  crystals  melt  at  24<8^,  and  when  heated 
more  strongly,  are  decomposed  in  great  part ;  it  precipitates 
solution  of  acetate  of  lead ;  its  alkaline  salts  are  soluble,  and 
crystallizable ;  when  crystallized,  the  formula  of  the  acid  is 
CsHeOs  +  Aq.  The  suberic  ether  was  prepared  as  described 
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for  the  oleic  ether,  (p.  978),  it  is  liqmd,  and  its  formula  is 
CsHcOa  +  Ae  O.  By  the  distillation  of  the  suberate  of  limCs 
a  volatile  liquid,  suber<me,  is  obtdned,  whose  formula  is 
CtH«0. 

The  artificial  formation  of  the  succinic  and  suberic  acids 
in  this  way  is  exceedingly  curious ;  but  Bromeis  and  Laurent, 
to  whom  the  observation  is  due,  have  not  been  able  to  trace 
the  precise  reaction  in  which  they  originate* 

B.  The  action  of  nitric  acid  on  oleic  acid  is  much  more 
violent  than  on  the  stearic  acid.  Among  the  products  of  the 
reaction  are  found  the  succinic  and  suberic  acids,  but  in  ad* 
dition,  four  other  acid  bodies,  of  which,  however,  a  very 
slight  notice  will  suflBce. 

The  PUmUc  Acid  forms  white  crystalline  grains,  which 
melt  at  273^,  and  sublime  easily  in  brilliant  needles ;  its  al- 
kaline salts  are  soluble ;  but  its  earthy  and  metallic  salts  in* 
soluble  in  water ;  the  formula  of  the  acid  is  CyHeOa  +  Aq. 

Adipie  Acid  resembles  closely  the  former ;  it  dissolves 
in  water,  alcohol,  and  ether ;  melts  at  223° ;  it  sublimes  in 
verybeautiAil  crystals ;  its  formula  is  CuHsOt  +  ^Aq.;  it  being 
a  bibasic  acid. 

The  lipie  and  AMoleic  acids  are  still  less  important,  and 
our  knowledge  of  their  constitution  very  imperfect.  All 
these  bodies,  are  obtained  from  the  mother  liquors,  from 
which  the  succinic  and  suberic  acids  have  crystallized. 

The  most  important  product  of  the  action  of  nitric  acid  on 
oleic  acid,  or  on  olein,  is  Elatdine  and  the  Ekudie  acid,'  as 
these  bodies  are  of  pharmaceutic  interest,  from  their  consti- 
tuting the  eiirine  ointmenit  or  unguenium  nitratis  hydrargyri 
of  the  Dublin  and  London  pharmacopoeias. 

ElcAdine  is  prepared  by  the  action  of  nitric  acid,  or  still 
better,  of  the  red  frunes  of  the  nitrous  acid  on  oldn ;  the  oil 
gradually  becomes  thick,  and  finally  congeals  into  a  butyra- 
ceous  mass  of  a  deep  yellow  colour.  By  digestion  with  warm 
alcohol,  a  deep  orange-red  oil  is  dissolved  out,  and  the  pure 
elaidine  is  obtained  perfectly  white ;  it  melts  at  97°,  is  inso- 
luble in  water,  and  but  sparingly  so  in  alcohol ;  it  dissolves 
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readily  in  ether;  with  caustic  alcalies^  it  saponifies  com- 
pletely, glycerine  being  set  free.  The  whole  action  of  the 
nitric  acid  in  this  reaction  is  exerted  on  the  oleic  acid,  and 
the  elaidine  is  a  true  fat  consisting  of  elaidic  acid,  united  to 
glycerine. 

Elaidic  acid  may  be  prepared  by  saponifying  elaidine, 
and  decomposing  the  alkaline  elaidate  by  a  stronger  acid,  but 
it  is  obtiuned  in  a  much  purer  form,  by  passing  nitrous  acid 
fumes,  generated  by  heating  nitrate  of  lead  (p.  448)  into  pure 
oleic  acid)  prepared  from  oil  of  sweet  almonds ;  after  some 
time,  the  liquid  becomes  a  nearly  solid  mass  of  crystalline 
plates,  of  a  fine  yellow  colour ;  this  mass  is  to  be  boiled  in 
water  to  remove  adhering  nitric  acid ;  then  dissolved  in  boil- 
ing alcohol  and  allowed  to  cool.  The  orange-red  oil  re- 
mains in  solution  whilst  the  elaidic  acid  crystallizes  in  large 
brilliant  white  rhombic  tables.  This  body,  when  pure,  fuses 
at  113®;  it  dissolves  readily  in  alcohol  and  in  ether;  these 
solutions  redden  litmus ;  when  boiled  with  a  sqlution  of  car- 
bonate of  potash,  carbonic  acid  is  expelled  and  elaidate  of 
potash  formed ;  its  earthy  and  metallic  salts  are  insoluble  in 
water.  The  crystallized  elaidic  acid  has  the  formula  C72UG6O5 
+  SAq. ;  it  is  a  bibasic  acid.  The  elaidate  of  silver  is  hence 
C7SH66O5  -f-  2.AgO,  and  the  elaidic  ether ^  which  is  a  colour- 
less fluid,  lighter  than  water^  consists  of  C72Ha805  +  HO. 
AeO. 

The  orange-red  oil,  which  is  formed  simultaneously  with 
the  elaidic  acid,  has  not  been  as  yet  accurately  examined, 
and  hence  we  cannot  explain  by  precise  formulae  the  mode 
in  which  these  bodies  are  generated.  It  is  this  oil  which 
gives  to  the  citrine  ointment  its  characteristic  colour  and 
smell;  it  is  lighter  than  water,  and  dissolves  in  alkaline 
liquors,  but  does  not  form  true  soaps. 

In  the  formation  of  citrine  ointment,  the  conversion  of 
the  olein  into  elaidine  is  effected  by  the  nitrous  acid,  which 
the  solution  of  the  mercurial  salt  always  contains,  it  being 
formed  by  the  deoxidation  of  the  nitric  acid,  and  there  being 
no  heat  used  to  expel  it.     The  subnitrate  of  mercury  is  then 
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mechanically  mixed  with  the  elaidine  and  with  the  yellow 
oil.  Some  of  the  mercurial  salt  is  often  decomposed,  how- 
ever, as  metallic  mercury  may  usually  be  detected  inter- 
spersed through  the  ointment. 

Both  oleic  and  elaidic  acids  give  origin,  when  heated 
with  fused  hydrate  of  potash,  to  a  peculiar  fatty  acid,  dis- 
covered by  Varrentrap ;  it  is  white,  solid,  and  crystalline» 
melts  at  144^  and  has  the  formula  CttH^Oa  +  Aq.  There 
is  formed  at  the  same  time,  a  large  quantity  of  acetic  acid. 
Another  point  of  connexion  between  the  oleic  and  ehddic 
acids,  is  that  by  distillation  both  furnish  sebacic  acid. 

The  acroleoHj  to  which  is  due  the  exceedingly  sharp 
and  disagreeable  smell  of  highly  heated  oil  or  fat,  is  generated 
by  the  decomposition  of  the  glycerine,  and  in  such  exceed- 
ingly small  quantity,  that  its  isolation  has  not  yet  been 
successfully  attempted.  According  to  the  observation  of 
Brandes,  it  is  a  colourless  oil,  of  sp.  gr.  0*578,  which  when 
distilled  with  caustic  soda,  becomes  inodorous,  whilst  the 
soda  combines  with  a  fatty  acid ;  no  analytical  investigation 
of  it  has  been  as  yet  made. 

Action  of  Sulphuric  Addon  Margarine  and  Oletne. 

When  olein  is  mixed  with  oil  of  vitriol,  the  sulphuric  acid 
combines  with  both  the  glycerine  and  the  oleic  add,  form- 
ing sulpho-glyceric  and  sulph-oleic  acids.  This  last  is  soluble 
in  water,  but  insoluble  in  dilute  sulphuric  acid,  and  hence 
by  adding  water  gradually  to  the  mixture  of  oil  of  vitriol  and 
oleine,  it  separates,  floating  as  a  thick  sirup  on  the  surface, 
whilst  the  sulpho-glyceric  acid  and  the  excess  of  sulphuric 
acid  dissolves.  The  sulph-oleic  acid,  thus  obtained,  forms, 
with  lime  and  barytes,  soluble  salts,  which  are  analogous  to 
the  sulpho-vinates ;  when  its  solution  in  water  is  heated,  it  is 
decomposed,  sulphuric  acid  becoming  free,  and  the  oleic 
acid  being  converted  into  two  acids,  which  have  been  named 
the  meia*oleic  and  the  hydrcleic  acids. 

These  acids  are  both  liquid  like  oleic  acid,  they  are 
principally  distinguished  as  to  properties  by  the  sparing  solu- 
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bility  of  the  former  in  alcohol,  and  are  thus  separated.  The 
constitution  of  these  bodies  had  been  examined,  by  Fremy^ 
at  a  time  when  the  true  constitution  of  the  oleic  acid  had 
not  been  established,  and  the  formulae  he  assigned  to  them 
are  not  now  admissible.  They  are  isomeric  with  each  other ; 
when  distilled,  they  produce  carbonic  acid,  and  two  volatile 
liquids,  oleen  and  elaen,  which  are  isomeric  with  olefiant  gas. 
From  the  circumstances  of  the  formation  of  these  acids,  the 
change  must  consist  in  the  fixation  of  the  elements  of  water, 
as  no  other  body  containing  carbon  is  produced ;  but,  from 
his  analysis,  the  anhydrous  meta-oleic  acid  has  evidently  the 
same  composition  as  the  hydrated  oleic  acid,  and  its  formula 
is  therefore  C44H40O5  when  in  combination,  and  C44H41O6 
when  free.  Its  decomposition  by  heat  consists  in  the  sepa- 
ration of  3.C02,  and  C41H41  remaining,  which  contains  the 
elements  of  the  two  volatile  oily  liquids. 

With  margarine,  oil  of  vitriol  does  not  combine  directly ; 
but  if  margarine  and  olein  together,  as  they  are  in  olive  oil, 
be  mixed  with  oil  of  vitriol,  union  occurs,  and  a  sulpho-mar- 
garic  acid  is  produced,  which  being  treated  similarly  to  the 
sulph-oleic  add, gives  two  other  acids,  the  meia-margaric  and 
hydro-margaric.  These  are  soluble  in  alcohol,  from  which 
they  crystallize  by  cold,  so  combined  as  to  produce  distinct 
salts,  and  to  affect  all  the  characters  of  an  independent  acid, 
called  by  Fremy  the  hydro-margariiic. 

If  the  mixed  solutions  of  sulpho-margaric  and  sulph-oleic 
acids  be  left  to  decompose  without  heat,  in  place  of  being 
boiled,  the  meta-margaric  and  met-oleic  adds  separate  and 
float  on  the  top,  but  the  hydro-margaric  and  hydr-oldc  adds 
remain  dissolved,  and  separate  only  by  bringing  the  solution  to 
boil.  Each  of  the  products  thus  obtained  is  to  be  dissolved 
in  alcohol,  and  the  modified  margaric  acids  crystallize  on 
cooling,  whilst  the  modified  oleic  adds  remain  dissolved. 
The  meta»margaric  add  is  polymeric  with  the  margaric  acid  ; 
its  formula  is  CasHeeOe  +  ^Aq^,  but  the  hydro-margaric  acid 
contains  the  elements  of  four  atoms  of  water  more,  its  formula 
being  CasHfoOio  +  3Aq, 
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Olein  of  the  Drying  Oils. 

The  oils  which  possess  the  property  of  rapidly  absorbing 
oxygen  and  evolving  carbonic  acid,  thereby  being  changed 
into  a  kind  of  transparent  resinous  varnish,  consist  of  glyce- 
rine united  to  a  liquid  acid,  quite  distinct  from  the  ordinary 
oleic  acid  ;  treated  with  nitric  acid,  it  yields  first  a  resinous 
substance,  and  then  oxalic  acid.  The  drying  properties  of 
these  oils  is  known  to  be  much  increased  by  boiling  on 
litharge,  of  which  a  quantity  dissolves;  in  this  case,  however, 
Liebig  has  shown,  that  no  saponification  occurs ;  the  litharge 
serving  only  to  combine  with,  and  coagulate  a  quantity  of 
vegetable  mucus,  which  being  diffused  through  the  oil,  pre- 
vented its  acting  as  rapidly  on  the  air,  as  it  does  when 
pure. 

Of  Cocoa-iaUaWf  and  Cocoa-^arie  Acid. 

The  albumen  of  the  cocoa-nut  contains  a  solid  fat,  which 
is  extracted  from  it,  and  imported  largely  into  these  countries, 
to  be  used  in  the  manufacture  of  candles.  It  is  a  mixture  of 
ordinary  olein  with  a  stearine,  which  contains  a  peculiar  acid. 
The  olein  and  stearine  are  separated  by  pressure  or  by 
ether,  or  by  solution  in  boiling  alcohol,  from  which  the  stea- 
rine crystallizes  on  cooling,  exactly  as  described  for  ordinary 
stearine. 

The  cocoa-stearine  is  white  and  crystalline ;  its  specific 
gravity  0*925;  insoluble  in  water,  it  dissolves  but  sparingly  in 
alcohol,  except  when  boiling;  it  is  more  soluble  in  ether;  it 
melts  at  77^.  The  products  of  its  decomposition  by  heat  have 
not  been  well  examined.  With  caustic  alkalies,  it  forms  soaps, 
from  which,  by  a  stronger  acid,  the  cocoa-stearic  acid  is 
separated. 

This  acid,  purified  by  repeated  crystallizations  from  al- 
cohol, is  brilliant  white ;  it  fuses  at  95^ ^  ad^  cannot  be  dis- 
tilled without  total  decomposition.  Its  formula  was  found 
by  Bromeis  to  be  C27HS0O3  +  Aq. ;  its  alkaline  salts  are 
soluble,  but  the  earthy  and  metallic  salts  are  insoluble  in 
water.     By  the  process  described  for  oleic  ether,  the  cocoa*- 
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stearic  ether  was  prepared  by  Bromeis ;  it  is  a  clear  oil, 
lighter  than  water;  its  formula  is  C27H26O3  +  AeO. 

Paim-Oil  and  Palmitic  Acid, 

This  solid  oil,  which  is  now  extensively  employed  in  the 
manufacture  of  yellow  soap,  is  prepared  in  Africa,  by  press- 
ing and  boiling  the  fruits  of  the  cocos  butyracea,  or  of  the 
avoira  elais ;  it  is  of  the  consistence  of  butter,  reddish-yellow 
colour,  and  an  aromatic  odour.  When  kept,  it  acquires  a 
rancid  smell,  and  becomes  white ;  the  colour  results  from  a 
small  quantity  of  a  substance  which  may  be  decomposed, 
and  the  palm-oil  bleached,  by  chlorine,  or  any  oxidizing  agents. 
Besides  ordinary  oleine,  this  oil  contains  a  peculiar  stearine, 
patmiine^  which  has  been  accurately  examined  by  Fremy 
and  Stenhouse. 

Fnre  palmUine  melts  at  118^  and  is  crystalline.  It  is  in- 
soluble in  water,  very  sparingly  soluble  even  in  boiling  ab- 
solute alcohol,  but  abundantly  soluble  in  ether.  It  is  quite 
neutral ;  when  saponified  by  potash,  and  the  soap  decom- 
posed by  an  acid,  palmitic  acid  is  set  free.  The  palm-oil  of 
commerce  usually  contains  a  large  quantity  of  free  palmitic 
acid,  and  hence  is  more  easily  saponified  than  any  other  fat ; 
it  also  contains  free  glycerine,  so  that  the  palmitine  would  ap- 
pear to  undergo  a  spontaneous  decomposition. 

Palmitic  Acid  melts  at  140° ;  it  dissolves  in  hot  alcohol 
and  crystallizes  therefrom  by  cooling.  Its  formula  in  crys- 
tals is  Ca4Ha206  +  2HO ;  it  is  a  bibasic  acid  ;  its  silver  salt 
is  C64Hfla06+  2AgO.  The  palmitic  ether ,  which  may  be  pre- 
pared by  heating  palmitic  acid  with  alcohol  and  oil  of  vitriol, 
is  solid  and  crystallizes  in  fine  prisms,  which  melt  at  70°,  and 
have  the  formula  C64HQ2O6  +  3.AeO.  By  distillation  the  pal- 
mitic acid  is  not  altered  ;  by  the  action  of  chlorine,  hydrogen 
is  removed  from  it,  and  an  acid  containing  chlorine  pro- 
duced, the  formula  of  which  appears  to  be  C64H54C1806* 

The  constitution  of  palmitine  was  found,  by  Stenhouse, 
to  be  expressed  by  the  formula  CyoH^jeOg,  from  which  should 
follow,  that  the  substance  united  with  the  palmitic  acid,  its 
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formed  of  CeH40s9  and  hence  differs  from  common  glycerine, 
CsH^Oft,  b  baTing  lost  the  elements  of  three  atoms  of  water. 
This  would  be  a  very  important  fiict  to  re-investigate. 

NtUmeg-BMer — Myristic  AckL 

This  substance  is  a  mixture  of  an  aromatic  Tolatile  oil, 
with  three  fats,  of  which  two  are  easily  soluble  in  alcohoU 
and  are  thus  simply  separated  from  the  third,  which  has  been 
termed  by  Playfair,  myrisiidne.  Of  the  fats  soluble  in  the 
alcohol,  one  is  liquid,  and  the  other  solid,  but  we  do  not  know 
whether  they  are  peculiar,  as  the  analyses  of  PUyfiur  have 
been  confined  to  the  third. 

Pure  myristicine  b  obtained  by  crystallisation  from  its 
ethereal  solution ;  it  has  a  silky  lustre,  and  melts  at  88^. 
When  saponified,  it  yields  glycerine  and  myriMc  acid.  TUs 
substance  is  snow-white  and  crystalline,  easily  soluble  in  hot 
alcohol,  and  then  reddening  litmus ;  it  melts  at  190^;  its  com- 
position  is  expressed  by  the  formula  CJl^O^  -f-  Aq.  its  salts 
are  very  well  characterised  and  crystallizable.  The  myriMc 
ether  is  analogous  in  constitution  to  the  stearic  ether,  (975), 
consisting  of 

Two  atoms  of  myristic  add  =  C^^Bi^t' 
One  atom  of  ether  s  C4  H5  O 

One  atom  of  water  =        HO 

The  myristicine  was  found  by  Playfair,  to  have  the  for- 
mula C118H113O15,  consisting  of 

Four  atoms  of  myristic  acid  =  CusHimOis' 
One  atom  of  dry  glycerine  =  Ce  H4  Oi 
One  atom  of  water  =       HO 

By  distfiling  myristicine,  much  acroleon  is  generated,  but 
no  sebacic  acid. 

Ordinary  Btdter. — Buiyrte^  CaproiCf  and  Caprie  Acids. 

Butter  is  a  mixture  of  six  diflSsrent  fats,  viz.,  common 
stearine,  margarine,  and  oleln,  vrith  butyrine,  caproin  and 
caprine ;  by  meltbg  the  butter,  and  keeping  it  for  some  days 
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at  a  temperature  of  68^,  the  stearine  and  margarine  crystal* 
lize,  whilst  the  others  remain  liquid.  By  means  of  alcohol  the 
oleine  is  then  separated  from  the  other  fats,  which  are  more 
easily  soluble  in  that  menstruum ;  their  further  purification 
depends  on  successive  solutions  in  alcohol,  but  none  of  them 
can  be  considered  as  having  been  obtained  completely  pure. 

Buiyrine  is  a  colourless  oil,  with  the  odour  of  heated  butter. 
It  solidifies  at  32° ;  with  alkalies  it  gives  a  soap,  and  sets 
glycerine  free.     Its  elementary  composition  is  not  known. 

CaprcHne  and  Caprine  cannot  be  obtained  sufficiently 
free  from  butyrine,  or  from  each  other,  to  be  described. 

When  butter  is  saponified,  and  the  soap  decomposed  by 
tartaric  acid,  stearic,  margaric,  and  oleic  acids  separate,  whilst 
the  other  acids  remain  dissolved.  On  distilling  thb  liquor, 
the  butyric,  capric,  and  caproic  acids  pass  over  along  with 
the  water,  and,  being  neutrallized  by  barytes,  the  three 
barytic  salts  are  separated  by  repeated  crystallizations.  Of 
these  acids  the  history  of  the  btUyrie  acid  is  most  complete. 
It  is  a  clear  oily  liquid,  of  a  penetrating  sour  smell  of  rancid 
butter ;  tastes  pungent  and  acid,  and  leaves  a  white  mark  on 
the  tongue.  Its  specific  gravity  is  0'976 :  its  boiling  point 
is  above  S1S° ;  it  burns  with  a  brilliant  white  flame,  and  is 
abundantly  soluble  in  water,  alcohol,  and  ether.  Its  formula 
is  C7H^3  +  Aq. ;  when  distilled  with  lime  it  gives  a  neu- 
tral volatile  liquid,  butyrone^  whose  formula  is  CeHeO.  The 
caproic  acid  agrees  in  properties  closely  with  the  butyric 
acid,  but  has  a  characteristic  odour  of  sweat ;  its  formula  is 
Ci3Ho03.||^^q.  The  capric  acid  crystallizes  in  fine  needles, 
which  melt  at  66%  and  have  the  formula  CibHmOs  +  Aq. 

Of  Flsh'OiU,  Delphinine,  and  Delphinic Add. 

These  oQs  are  gener^y  composed  of  ordinary  margarine, 
stearine,  and  oleine;  but  some,  as  whale  oil  and  dolphin  oil, 
contain  a  peculiar  fat  delphininef  which  yields  delphinic  acid. 
From  the  fish-oil  the  delphinine  is  extracted  by  cold  alcohol, 
which  dissolves  it  more  readily  than  the  other  oils ;  it  is  liquid, 
of  specific  gravity,  0*954 ;  it  is  not  acid,  but  becomes  so  by 
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exposure  to  the  air;  it  saponifies  readily.  From  the  soap  the 
delphinic  acid  is  separated  by  tartaric  acid»  and  may  be  ob- 
tained pure  by  distillation.  It  is  a  thin  oil,  of  specific  gra- 
vity, 0'9Si;  it  boils  above  21S^,  and  distils  unchanged;  it 
has  a  peculiar  aromatic  smell;  tastes  add,  and  reddens 
litmus  strongly;  it  dissolves  in  twenty  parts  of  water;  its 
formula  is  C10H9O3  +  Aq.  and  when  distilled  with  fime,  it 
gives  a  volatile  neutral  liquid  delphinon,  C9H90. 

The  delphinic  acid  has  been  found  in  the  berries  of  the 
viburnum  opulus,  and  its  composition  being  the  same,  and 
its  properties  very  closely  resembling  those  of  the  valerianic 
acid,  I  think  it  very  likely  that  a  re-examination  of  it  would 
demonstrate  its  identity  with  that  remarkaUe  vegetable  acid. 

0/  Ciutar  OH  and  its  Products. 

The  oil  of  the  ricinus  communis  (castor  oil)  is,  according 
to  Lecanu  and  Bussy,  a  mixture  of  three  fats,  ricino-ste- 
arine,  ricino-oleine,  and  ricine,  which  are  all  easily  soluble 
in  alcohol.  Like  the  fats  of  butter,  they  can  be  but  im- 
perfectly separated,  but  when  saponified,  they  yield  acids, 
which  can  be  more  accurately  examined :  the  soap,  being  de- 
composed by  muriatic  acid,  yields  an  oil,  firom  which,  by 
cooling,  the  ricino-stearic  acid  crystallizes,  and  the  remaining 
oil,  when  distilled,  separates  into  the  ricinic  add^  which 
passes  over,  and  the  rtcin-oleic  acid  which  is  not  volatile. 

Purified  by  recrystallization  from  alcohol^  the  ricino-ste^ 
aric  acid  forms  pearly  scales,  which  are  easily  soluble  in 
alcohol,  redden  litmus,  and  do  not  melt  below  266^.  The 
ricin-oleic  acid  freeses  a  few  degrees  below  S2^.  The  ricinic 
acid  is  solid  and  crystalline,  melts  at  7P,  and  distils  un* 
changed  at  a  temperature  but  little  higher. 

When  castor  oil  is  acted  on  by  nitrous  acid,  it  is  con- 
verted into  a  solid  substance,  termed  by  Boudet,  palmime  ; 
it  is  white,  of  a  waxy  appearance,  and  melts  at  151^;  it  is 
easily  soluble  in  alcohol  and  ether ;  with  alkalies  it  yields 
glycerine  and  pahnic  add.  We  do  not  possess  any  know- 
ledge of  the  elementary  composition  of  these  bodies. 

The  products  of  the  complete  oxidation  of  castor  oil  by 
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nitric  acid,  have  been  accurately  examined  by  Mr.  Tilly, 
The  action  is  violent,  and  much  nitrous  acid  fumes  are  given 
off.  Besides  suberic  and  lipinic  acids,  a  peculiar  fatty  acid 
is  formed,  which  is  colourless,  of  an  agreeable  smell,  and  a 
sweet  stimulating  taste;  it  boils  at  300^  but  cannot  be  distilled 
with  being  in  great  part  decomposed.  Its  formula  was  found 
to  l^eCuHiaOa  +  Aq.;  he  formed  the  ether  of  this  acid,  in 
the  way  described  for  oleic  ether,  and  ascertained  its  formula 
to  be  CuHiaOs  +  AeO.  This  body  is  termed  the  per^asrumthic 
acidf  as  it  contains  the  same  carbon  and  hydrogen  as  the 
cenanthic  acid,  which  exists  in  wine  as  described  in  page 
946,  but  combined  with  an  atom  more  oxygen. 

Oit  of  Tiglium. — Croionine^  Crotomc  Acid. 

The  experiments  that  have  been  made  on  this  oil  have 
not  given  very  satisfactory  results ;  by  saponification  it  yields 
an  acid  which  is  exceedingly  volatile ;  but  whether  the  active 
properties  of  the  oil  reside  in  this  crotonic  acid  is  not 
established,  nor  have  any  analytical  results  been  obtained 
as  to  its  constitution* 

Of  the  Manufacture  of  Soaps  and  Plasters. 

Although  the  general  principles  of  the  constitution  of 
soaps  have  been  frequently  alluded  to  in  the  description  of 
individual  fatty  substances,  and  that  a  detailed  account  of 
their  manufacture  would  be  out  of  place  in  the  present  work, 
yet  it  may  not  be  uninteresting  to  notice,  briefly,  some  cir« 
cumstances  of  the  processes  employed  which  could  not  be 
deduced  from  the  mere  theory  of  their  nature,  and  yet  are 
essential  to  practical  success. 

There  are  found  in  commerce,  three  varieties  of  soap ; 
Ist,  hard  white  soap,  which  is  made  from  tallow  and  caustic 
soda ;  2nd,  hard  yeUow  soap^  which  is  made  from  soda  with 
tallow,  palm  oil  and  resin ;  Srd,  soft  soap,  in  which  the  alkali 
is  potash,  combined  with  whale  or  seal  oil,  and  some  tallow. 
The  difference  of  consistence  depends  principally  upon  the 
alkali;  as  the  fatty  salts  of  soda  unite  with  water  to  form  true 
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bydratety  which  are  completely  solid,  whibc  the  potash  salts 
absorb  water  and  form  a  semitransparent  gelatinous  mass, 
such  as  is  the  ordinary  soft  soap. 

For  the  preparation  of  the  hard  white  soap,  a  solution  of 
caustic  soda  is  prepared,  of  specific  gravity  I '050,  by  decom- 
posing soda-ash  by  the  proper  quantity  of  lime ;  the  soda* 
ley  being  brought  to  boil,  the  tallow  is  added  in   small 
portions  at  a  time,  until  the  free  alkali  has  been  all  com- 
bined with  fatty  acids,  and  the  ley  will  saponify  no  more. 
The  liquor  contains  then  free  glycerine,  and  the  fatty  salts  of 
soda,  all  dissolved  together  in  the  water,  and  as  the  soap 
scarcely  crystallizes,  a  peculiar  method  is  necessary  to  sepa- 
rate it  from  the  solution.    Thb  is  founded  on  the  fact,  that 
soap  is  insoluble  in  a  solution  of  common  salt.    If  to  a  solu- 
tion of  soap  in  water,  as  much  common  salt  be  added  as  the 
water  can  dissolve,  the  soap  is  separated,  and  floats  on  the 
surface  of  the  liquors  completely  deprived  of  water.     But 
this  is  not  the  state  in  which  the  manufacturer  wishes  it  to 
be.    Hence  the  salt  is  added  but  gradually  to  the  soap  ley, 
and  the  water  then  dividing  itself  between  the  salt  and  the 
soap,  a  point  is  obtained,  at  which  the  soap  is  in  its  proper 
hydrated  condition,  and  this  being  recognized  by  the  ap- 
pearance of  the  boil,  and  the  texture  of  the  layer  of  soap, 
the  latter  is  run  into  wooden  boxes  where  it  congeals,  and  is 
then  cut  by  a  wire  into  the  forms  it  has  in  commerce. 

The  hard  white  soap  thus  made  generally  contains  from 
forty  to  fifty  per  cent,  of  water.  When  very  hard  it  still  re- 
tains above  thirty,  and  may  hold  seventy  per  cent,  without 
being  very  soft. 

The  formation  of  the  Yellow,  or  Resin  Soap,dependB  on  the 
direct  combination  of  an  acid  resin  (colophony,  p.  967}  with 
soda.  In  this  case  no  glycerine  is  set  free,  as  there  is  no  proper 
saponification.  A  mere  compound  of  resin  and  soda  would 
be,  however,  too  soft,  and  also  act  too  powerfully  on  clothes ; 
and  hence  there  is  always  a  quantity  of  a  fat  added,  generally 
tallow,  and  some  palm-oil,  which  brightens  the  colour,  and 
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masks  the  disagreeable  odour  of  the  resin.  A  good  soap 
should  contain  two  parts  of  fatty  matter  to  one  of  resin. 

The  Soft  Soap  is  manufactured  by  heating  the  oils  in 
shallow  pans,  and  gradually  adding  a  strong  solution  of 
caustic  potash,  boiling  and  continually  agitating  the  mass 
until  the  milkiness  produced  by  the  oil  vanishes,  the  mass 
becomes  transparent,  and  the  froth  subsides.  As  this  soap 
cannot  be  separated  from  the  liquor  by  the  addition  of  com- 
mon salt,  which  would  decompose  it,  forming  a  soda-soap 
and  chloride  of  potassium,  the  liquor  is  evaporated  until  the 
operator  recognizes  that  it  has  attained  the  proper  strength, 
and  it  is  then  cooled  as  rapidly  as  possible.  The  glycerine 
of  the  oils  exists,  therefore,  mixed  through  the  substance  of 
the  soap.  To  give  it  greater  consistence  some  tallow  is  gene- 
rally employed,  and  the  stearate  of  potash  crystallizing  gra- 
dually forms  the  white  points  which  are  seen  in  most  speci- 
mens of  soft  soap. 

Plasters  are  metallic  soaps.  Of  these  the  only  one  of  phar- 
maceutic importance  is  the  litharge  plaster,  prepared  by 
boiling  Utbarge,  olive  oil,  and  water  together ;  oleate  and 
margarate  of  lead  are  formed,  and  float  upon  the  surface ; 
when  the  mass  has  obtained  the  proper  consistence,  it  is 
removed  and  formed  into  rolls  for  use.  The  watery  solution 
contains  glycerine  and  a  large  quantity  of  oxide  of  lead  dis- 
solved. If  litharge  plaster  be  digested  in  ether,  oleate  of 
lead  dissolves,  and  the  margarate  of  lead  is  left  behind. 

Of  Spermaceti,  Ethal,  and  the  derived  Bodies. 

Spermaceti  exists  in  the  cavities  of  the  head  of  the  phy- 
seter  macrocephalus,  and  some  allied  species  of  whales,  dis- 
solved in  the  spermaceti  oil,  from  which  it  separates  by  crys- 
tallization, after  the  death  of  the  animal.  To  obtain  it  pure,  it 
is  to  be  crystallized  repeatedly  from  its  alcohoUc  solution  by 
cooling;  it  is  a  remarkably  beautiful  crystalline  fat,  melting  at 
12(r,  and  volatilizing  at  680°  without  change,  if  the  air  be 
excluded.  By  boiling  with  very  strong  alkaline  solutions,  it 
gradually  saponifies ;  a  margarate  and  an  oleate  being  formed, 
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but,  inplaceofglycerine,a  peculiar  base,  which  is  termed  elAaf» 
being  set  free.  To  obtain  it  pure,  spermaceti  is  saponified 
by  being  fused  with  half  its  weight  of  potash  ;  the  resulting 
mass  being  digested  with  water  and  muriatic  acid>  the  oily 
acids  and  the  ethal  separate  from  the  liquor  and  float  upon  the 
surface.  Being  then  mixed  with  lime,  which  combines  with 
the  oily  acidsj  and  boiled  in  absolute  alcohol,  the  ethal  dis- 
solves and  crystallizes  out  on  cooling. 

It  is  a  solid  crystalline  white  substance,  destitute  of 
taste  or  smell;  neutral  to  test  paper ;  it  melts  at  119^,  and 
volatilizes  rapidly  at  S50^ ;  it  is  insoluble  in  water ;  its  for- 
mula is  C39H34O2,  or  C32H33O  +  Aq.  The  spermaceti  itself 
consists  of 


CjoeH9070i6 

one  equivalent  of 
spermaceti. 


2  atoms  of  margaric  acid  =  CesHee  Oe 
I  atom  of  oleic  acid  =  C44H3Q  O4 

S  atoms  of  ethal  =  Cs^HiosOe 

The  ethal  is  remarkable  for  its  analogy,  in  composition 
and  properties,  to  the  bodies  of  the  alcohol  group ;  like  them 
it  may  be  looked  upon  as  formed  of  water  united  to  a  carbo- 
hydrogen,  isomeric  with  olefiant  gas,  and  by  distilling  ethal 
with  glacial  phosphoric  acid,  this  body  is  actually  obtained, 
and  has  been  termed  cetene*  It  is  an  oily  liquid,  colourless, 
soluble  in  alcohol  and  ether ;  it  boils  at  527°.  From  its  reac- 
tions and  the  specific  gravity  of  its  vapour,  7846,  it  results 
that  its  formula  is  C32H3S. 

If  ethal  be  heated  with  perchloride  of  phosphorus,  a 
heavy  liquid  is  obtained,  having  the  formula  C32H33CI ;  and 
by  fusing  ethal  with  potassium,  hydrogen  is  evolved,  and  a 
white  solid  substance  formed,  consisting  of  C^yf)  +  KO, 
which  with  water  gives  hydrate  of  potash  and  ethal.  With  sul- 
phuric acid  ethal  forms  sulpho-ethalic  acid,  which  resembles 
the  sulpho-vinic  acid,  and  has  the  formula,  CaaHasO.SOs  4- 
SO3.HO.  Further,  if  the  ethal  be  heated  with  potash  hy- 
drogen gas  is  given  ofi^,  and  an  acid  formed,  the  formula  of 
which  is  CasHsiOa  +  Aq. ;  it  is  termed  the  eihalic  acid. 

From  this  analogy  of  ethal  to  wine-alcohol,  a  compound 
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radical,  cet^l,  similar  to  ethyl,  may  be  assumed  to  exist  in 
these  combinations,  and  its  formula  be  written  C32H33  or  Ct. 
Ethal  is  then  Ct.O  +  Aq.  (see  p.  943). 

Wax. — Ordinary  bees'- wax  is  a  mixture  of  two  substances 
which  are  separated  by  boiling  alcohoL  Cerin  dissolves; 
it  is  quite  white ;  its  specific  gravity  is  0*969 ;  it  is  less  fu- 
sible than  wax  ;  it  does  not  combine  with  bases ;  its  formula 
is  CsoHmOj.  The  substance  insoluble  in  alcohol  is  myractne^ 
which  melts  at  95° ;  its  formula  is  CaoHaoO.  In  yellow  wax 
a  colouring  matter  is  present  which  has  not  been  examined* 
When  wax  is  bleached  by  nitric  acid,  oxygen  is  absorbed, 
and  a  peculiar  substance  formed,  cerate  acid,  which  has  the 
formula  CaoHaoOa.  All  these  bodies  are  probably  derived 
from  oils,  isomeric  with  otto  of  roses,  which  exist  in  the 
flowers  of  odoriferous  plants. 

When  cerin  is  boiled  with  solution  of  potash,  a  soap  is 
formed,  and  from  this  a  peculiar  waxy  substance  (cerain)  is 
obtained,  as  ethal  is  from  spermaceti :  its  properties  are  but 
very  little  known ;  from  an  analysis  by  Ettling  its  formula 
would  appear  to  be  CisHidO?. 


CHAPTER  XXIV- 

OF  THE  ORGANIC  ACIDS  WHICH  PRE-EXIST  IN  PLANTS, 
AND  DO  NOT  BELONG  TO  ANY  ESTABLISHED  SERIES. 

Tafiaric  Acid.— Cb^aOxo  +  2Aq. 

This  important  acid  exists  in  most  kinds  of  fruit,  occasionally 
free,  but  more  usually  combined  with  potash,  forming  cream 
of  tartar,  or  as  tartrate  of  lime.  For  the  purposes  of  commerce 
it  is  almost  exclusively  prepared  from  the  bi-tartrate  of  pot- 
ash. This  salt  exists  abundantly  in  grape  juice,  and  being 
but  very  slightly  soluble  in  spirituous  liquors,  it  gradually 
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•eparates  as  the  alcoholic  fermentation  proceeds,  and  collects 
in  irregularly  crystallized  layers  on  the  insides  of  the  casks  in 
which  the  wine  is  made.  It  is  purified,  as  will  be  elsewhere 
described. 

When  one  part  of  carbonate  of  lime  is  added  to  a  solution 
of  four  parts  of  bitartrate  of  potash,  one-half  of  the  tartaric 
acid  combines  with  the  lime,  carbonic  acid  being  expelled 
with  efiervesoence.  Tartrate  of  lime  precipitates  as  a  white 
powder  and  neutral  tartrate  of  potash  remains  dissolved. 
By  the  addition  of  chloride  oF  calcium  to  the  Hquor,  this 
portion  also  of  tartaric  acid  is  thrown  down,  and  chloride  of 
potassium  is  formed.  The  whole  quantity  of  tartrate  of  lime 
being  then  collected  and  washed,  it  is  to  be  digested  with  a 
quantity  of  oil  of  Titriol,  half  the  weight  of  the  cream  of  tartar 
employed,  and  diluted  with  four  parts  of  water ;  sulphate  of 
lime  is  formed  and  tartaric  acid  set  free.  The  mixture  having 
been  boiled  for  a  short  time  is  to  be  strained,  and  the  liquor 
evaporated  gently  to  a  pellide;  the  tartaric  add  then  crys- 
tallises on  cooling. 

The  tartaric  acid  forms  colourless  oblique  rhombic  prisms, 

y^     /--^^^       generally  tabular,  as  in  the  figure,   where 

/C  ' "~  '.  '    >^  *'  *•  **'  "^  primary,  and  a,  c,  m,  secondary 

^^^^^^\]  f*^* »  *^  is  permanent  in  the  air,  and  dis- 

^^ ^^^    solves  readily  in  half  its  weight  of  water ;  it 

is  also  easily  soluble  in  alcohol ;  its  taste  and  reaction  is 
strongly  acid.  When  heated,  it  abandons  water  and  forms 
two  acids  which  will  be  again  noticed.  When  a  solution  of 
it  is  long  exposed  to  the  air,  it  absorbs  oxygen,  and  fonna 
carbonic  and  acetic  acids.  This  effect  may  be  instantly  pro- 
duced by  boiKng  it  with  an  excess  of  oxide  of  silver,  metallic 
silver  being  set  free. 

Tartaric  acid  is  known  by  its  not  being  volatile,  and  by 
leaving  a  copious  coaly  residue  when  heated.  If  it  be  fused 
with  potash,  it  is  decomposed,  acetic  and  oxalic  acids  being 
produced  (p.  785) ;  with  other  oxidizing  agents,  as  black 
oxide  of  manganese  and  sulphuric  acid,  it  gives  carbonic 
and  formic  acids.     A  solution  of  tartaric  acid  precipitates 
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lime  water;  but  the  precipitate  is  redissolved  by  an  excess  of 
acid,  or  by  solution  of  sal-ammoniac.  The  soluble  neutral 
tartrates  give  white  precipitates,  which  are  not  crystalline, 
with  the  neutral  salts  of  lead,  lime,  and  silver,  which  all  re- 
dissolve  in  an  excess  of  acid. 

The  tartaric  acid  is  bibasic ;  its  formula  being  C8H4O10+ 
2  Aq. ;  several  of  its  salts  are  of  considerable  importance. 

Bi-tartrate  of  Potash^^Cream  of  Tartar. 
C8H,o04+KO.Aq. 

This  salt,  just  now  noticed  as  being  deposited  from  grape- 
juice,  according  as  alcohol  is  formed,  is  sent  into  commerce 
under  the  name  of  argol,  which  is  red  or  white  according  to 
the  kind  of  wine  it  was  deposited  from.  This  is  dissolved 
in  boiling  water,  and  mixed  with  some  pipe-clay,  which,  com- 
bining with  the  colouring  matter  of  the  grape,  renders  it 
insoluble;  the  clear  liquor  is  then  allowed  to  cool  slowly, 
and  the  cream  of  tartar  is  deposited  in  irregular  crystals  on 
the  sides  of  the  vessel,  still  containing  a  small  quantity  of 
tartrate  of  lime.  It  crystallizes  in  right  rhombic  prisms,  as  in 
the  figure,  py  tf, «,  being  primary,  and  a^a^  t,  m, 
secondary  planes.  It  is  but  very  sparingly  so- 
I  luble  in  cold  water,  requiring  80  parts  at  60% 
and  7  parts  at  212^;  hence  an  excess  of  tar- 
taric acid  produces  a  crystalline  precipitate  in  solutions  of 
potash,  which  are  not  very  dilute.  By  calcining  cream  of 
tartar  either  alone  or  with  nitre,  the  black  or  white  fluxes 
employed  in  metallurgy  are  formed  (p.  546).  Its  calcination 
furnishes  also  the  purest  source  of  carbonate  of  potash,  which 
hence  derives  its  name  otsalt  of  tartar  (p.  806). 

Neutral  Tartrate  of  Potash— Soluble  Tar/ar.— C8H4OW 
4-  KO.KO. — ^This  salt  is  formed  by  adding  cream  of  tartar 
to  a  hot  solution  of  carbonate  of  potash,  until  this  be  com- 
pletely neutralized.  It  crystallizes  with  difficulty  in  right 
rhombic  prisms,  which  when  pure  are  not  deliquescent.  100 
parts  of  water  dissolve  130  parts  of  it  at  GO^*,  and  268  parts 
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at  212^.  Any  acid  added  to  its  eolation  takes  half  the  potash, 
and  precipitates  cream  of  tartan 

The  TariraicM  of  Ammonia  resemble  closely  those  of 
potash.  The  neutral  tartrate  of  noda  crystallizes  in  large 
rhombic  prisms  like  nitre ;  it  is  very  soluble  in  water,  its 
formula  C»H40m  +  NaO.NaO  +  4Aq. 

TartraU  of  Potoih  and  Soda—Rochelle  Salt.--X:jtUOn 
+  KO.NaO  +  lOAq.  Is  prepared  by  neutralizing  a  hot 
solution  of  carbonate  of  soda  with  cream  of  tartar;  by  eva- 
poration and  cooling  it  forms  large  prismatic  crystals,  with 
many  sides,  of  the  right  rhombic  system ;  p^  tf,  u,  being 
primary  and  i,  i,  I,  e^  e,  being  secondary  faces. 
These  crystals  are  remarkable  for  being  often  but 
half  formed,  so  as  to  present  the  aspect  repre* 
sented  in  the  lower  figure.  Its  taste  is  mildly 
/v~!^X  saline,  and  not  very  disagreeable,  whence  its  po> 
'^^^  ^  pularity  as  a  medicine.  It  is  permanent  in  the  air 
except  it  be  very  dry,  when  it  effloresces  slightly 
at  the  surface;  it  dissolves  in  two  parts  of  cold 
water. 

The  Tartrate  of  Lime  is  very  sparingly  soluble  in  water, 
and  is  precipitated  as  a  white  powder,  when  solutions  of  a 
neutral  tartrate  and  of  a  salt  of  lime  are  mixed.  It  dissolves 
in  an  excess  of  acid ;  and  if  this  solution  be  neutralized,  it 
is  deposited  in  small  octohedral  crystals,  which  have  the 
formula  C8H40,o  +  CaO.CaO  +  8Aq.  Nolner  has  assert- 
ed, that  when  tartrate  of  lime  is  mixed  with  yeast  a  fermen- 
tation sets  in  by  which  a  new  acid,  pseudo-aeetic  acid,  is 
produced ;  this  requires,  however,  confirmation. 

Proto-tartrate  of  Iron C8H4O10  +  2.FeO.  Is  a  white  pow- 
der, very  sparingly  soluble  in  water ;  it  is  formed  in  minute 
crystals  when  hot  solutions  of  protosulphate  of  iron  and  of 
cream  of  tartar  are  mixed  together.  The  prototartrate  of 
iron  and  potash,  C8H40io+FeO.KO,  is  formed  by  digesting 
cream  of  tartar  and  water  with  metallic  iron.  Hydrogen  gas 
is  evolved,  and  a  white,  sparingly  soluble,  salt  is  obtained. 
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whicby  when  exposed  to  the  air^  rapidly  absorbs  oxygen,  and 
becomes  greenish  brown  or  black.  In  this  state  it  contains 
magnetic  oxide  of  iron,  and  is  much  more  soluble.  Pertar- 
trcUe  ofiroHi  formed  by  dissolving  the  freshly  precipitated 
red  oxide  of  iron  in  a  solution  of  tartaric  acid,  gives  by  eva- 
poration a  brown  jelly.  If  the  red  oxide  of  iron  be  boiled 
with  a  solution  of  cream  of  tartar,  it  dissolves  abundantly, 
giving  a  fine  brown-red  liquor,  from  which,  by  cautious  eva- 
poration, small  ruby*red  crystals  may  be  obtained ;  but  it  is 
generally  dried  down  completely,  when  it  forms  a  translucent 
brown  mass,  deliquescent  in  damp  air.  An  excess  of  tartaric 
acid  should  be  avoided,  as  it  acts  on  the  peroxide  of  iron 
during  the  evaporation,  reducing  it  to  the  state  of  protoxide, 
and  carbonic  acid  being  given  off.  Hence  the  pharmacopoeias 
direct  perfect  neutrality  of  the  liquor  to  be  secured  by  the 
addition  of  a  small  quantity  of  ammonia.  The  formula  of 
this  salt  is  C8H4O10  +  KO.FcsOa.  It  is  very  soluble  in 
water,  and  its  solution  is  not  precipitated  by  an  excess  of 
potash. 

Tartrate  of  AtUimmy — SCCaH*©!©)  +  SbOa.  This  salt 
is  obtained  by  the  solution  of  the  sesquioxide  of  antimony 
in  tartaric  acid  ;  it  is  colourless  and  crystallizes  in  short  de- 
liquescent prism^r. 

Tartrate  of  Potash  and  Antimorty. —  Tartar-Emetic. — 
C8H4C10  +  KO.SbOa  +  2Aq.  This  salt,  a  most  important 
compound  of  antimony,  is  prepared  by  boiling  together  in 
water,  equal  weights  of  sesquioxide  of  antimony  and  cream 
of  tartar.  In  the  Dublin  and  Edinburgh  pharmacopoeias, 
atie  powder  ofalgarotti  (p.  749)  is  employed  as  the  source  of 
oxide  of  antimony ;  but  by  the  London  college,  an  impure 
oxide  is  prepared  by  gently  deflagrating  together  sulphuret 
of  antimony  and  nitre,  with  a  little  muriatic  acid,  and  wash- 
ing out  the  soluble  products.  In  either  case  the  oxide  of 
antimony  replaces  the  second  atom  of  base  (water)  in  the 
cream  of  tartar,  and  by  evaporation  and  cooling,  it  may  be 
obtained  in  crystals,  which  are  right  rhombic  octohedrons, 

3t 
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with  many  secondary  planet,  as  in  the  figure. 
This  salt  dissolves  in  fourteen  parts  of  cold, 
and  in  two  of  boiling  water.  In  dry  air  it 
effloresces,  losing  the  2Aq.  Its  solution  is 
not  affected  by  alkalies ;  but  the  oxide  of 
antimony  is  precipitated  by  sulphuric  or 
muriatic  acids,  and  by  ammonia*  In  the 
preparation  of  tartar  emetic,  the  whole  pro- 
duct from  the  materials  used  can  never  be 
obtained  crystallized,  the  mother  liquor  contains  a  substance 
which  dries  down  to  a  transparent  mass,  like  gum  arable. 
By  alcohol  it  is  decomposed  into  tartar  emetic,  and  free  tar* 
taric  acid.  According  to  Knapp*s  analysis,  this  salt  is  the 
neutral  tartrate  of  potash  and  antimony,  having  the  formula 
C4Ha05.KO  +  (S.C4H205+Sb03)  +  2Aq.  It  may  be  formed 
by  dissolving  tartar-emetic  in  a  strong  solution  of  tartaric 
acid,  and  then  crystallizes  in  minute  oblique  rhombic  prisms. 
In  order  to  form  this  salt,  however,  from  cream  of  tartar 
and  oxide  of  antimony,  a  quantity  of  potash  must  enter  into 
some  form  of  combination  which  has  not  been  explained. 

Owing  to  the  occasional  presence  of  arsenic  in  the  ores 
of  antimony,  the  tartar-emetic  of  commerce  is  not  unfre- 
quently  contaminated  by  its  presence,  and  should  in  such 
case  be  absolutely  rejected  from  medicinal  use. 

If  tartar-emetic  be  exposed  to  a  temperature  of  480^,  it 
abandons,  besides  its  crystal-water,  two  equivalents  of  water, 
the  elements  of  which  are  abstracted  from  the  constitution  of 
the  tartaric  acid  as  generally  assumed.  In  thb  dried  tartar- 
emetic,  therefore,  the  organic  element  is  not  CgHiOio,  but 
CgHgOs.  Mlien  redissolved  in  water,  it  resumes  the  two 
atoms  of  water,  forming  ordinary  tartar-emetic  again.  Of 
the  other  salts  of  tartaric  acid,  but  one  possesses  this  pro- 
perty ;  the  boro-tartrate  of  potash  being  also  reduced  by  loss 
of  water  at  480^  to  the  formula  CsHaOg  +  KO.BO3,  Che- 
mists  are  not  unanimous  in  explaining  this  peculiarity.  The 
simplest  idea  is,  that  these  two  atoms  of  water  exist  ready 
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formed  in  these  salts,  and  that  tartaric  acid  is  really  quadri- 
basic ;  being  in  its  crystallized  form  C8H2O8  +  .4H0 ;  the 
cream  of  tartar  being  CgHsOg  +  K0.3H0 ;  Rochelle  salt, 
CgHsOs  +  KO.NaO.SHO ;  and  for  tartar-emetic,  the  oxide 
of  antimony  replacing  three  atoms  of  a  protoxide,  the  for- 
mula is  CsHaOs  +  KO.SbOa  +  SAq  +  gAq,  and  the  two 
portions  of  water  being  retained  by  very  unequal  forces  are 
given  off  at  very  different  temperatures.  Berzelius  considers 
that  in  this  change  the  nature  of  the  acid  is  totally  altered ; 
and  as  opinion  is  so  much  divided  on  the  subject,  I  shall  not 
enter  further  into  its  discussion. 

Action  of  Heat  an  Tartaric  Acid. — ^When  tartaric  acid  is 
cautiously  heated,  it  fuses  into  a  mass  like  gum,  and  gives  off 
water.  In  this  state  it  combines  with  bases  forming  salts 
quite  different  from  the  tartrates ;  it  retains  its  bibasic  cha- 
racter, but  its  atomic  weight  is  increased  to  one  and  a  half 
times  that  of  tartaric  acid;  its  formula  being  C12H6O15  + 
SAq.  It  thus  constitutes  iariralic  add;  it  does  not  crystal- 
lize, and  in  solution  gradually  passes  back  into  tartaric  acid. 
If  the  tartralic  acid  be  kept  long  melted  at  360^,  it  abandons 
still  more  water,  and  forms  iartrelic  acid  in  which  the  bibasic 
character  remains,  its  formula  being  CisHsOao  +  2 Aq.  This 
acid  is  characterized  by  forming  insoluble  salts  with  lime  and 
barytes,  thereby  differing  from  the  tartralic  acid.  If  the 
heat  be  still  longer  kept  up,  a  porous  white  mass  is  formed, 
which  is  insoluble  in  water  and  in  alcohol.  It  is  anhydrous 
tartaric  acid;  its  formula  is  C8H40io.  If  lefl  long  in  contact 
with  water  it  changes  successively  into  the  tartrelic,  tartralic, 
and  common  tartaric  acid.  This  change  is  produced  more 
rapidly  by  boiling  with  a  solution  of  potash:  this  substance 
appears  to  hold  the  same  relation  to  tartaric  acid,  that  the 
white  sublimate  does  to  the  proper  lactic  acid  (p.  890). 

If  tartaric  acid  be  distilled  at  a  still  higher  temperature, 
it  abandons  water  and  carbonic  acid  ;  and  forms  pyroiartaric 
acid;  C8H4O10,  giving  off  S.COg  and  HO,  and  C5H3O3  re- 
maining. The  process  succeeds  best  at  about  400^.  This 
acid  is  white ;  it  crystallizes  from  the  distilled  liquors  in 
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prisms  which  are  to  be  purified  from  empyreumatic  oil  by 
recrystallization  and  digestion  with  animal  charcoal ;  it  reacts 
very  acid;  it  melts  at  210°,  and  sublimes  at  360^;  is  very 
soluble  in  water  and  alcohol.  It  is  a  monobasic  acid,  form- 
ing salts  which,  with  few  exceptions,  are  soluble  and  crystal- 
Usable. 

Saeemie  Acid. — CsH4O]0  +  2Aq.— This  acid  is  found  in 
grape  juice,  replacing  tartaric  acid  to  a  greater  or  less  extent ; 
its  formation  appears  to  depend  on  yery  peculiar  circum- 
stances, as  it  has  never  been  found  except  in  the  district 
about  the  Vosges  Mountains,  and  only  in  some  seasons.  It 
is  combined  with  potash,  forming  a  kind  of  cream  of  tartar, 
which  is  bi-racemate  of  potash,  and  from  which  it  is  prepared 
by  the  same  methods  as  have  been  described  for  tartaric 
acid. 

It  crystallizes  in  colourless  oblique  rhombic  prisms,  which 
contain  water,  of  which  one-half  is  lost  by  efflorescence  in 
warm  dry  air ;  the  remaining  hydrate  is  identical  in  compo- 
sition with  crystallised  tartaric  acid ;  it  tastes  and  reacts  as 
strongly  acid'.  In  its  relation  to  salts,  it  follows  exactly  the 
same  rules  as  the  tartaric  acid,  but  their  crystalline  form  is 
completely  different;  it  is  a  bibasic  acid,  and  its  formula, 
when  crystallized,  is  CgHAo  +  2.H0  +  2Aq.  The  cha- 
racters by  which  it  is  distinguished  from  tartaric  acid  are, 
first,  racemic  acid  requires  ten  times  as  much  water  for  so- 
lution, and  they  are  hence  easily  separated  by  crystallization. 
Second,  that  the  corresponding  salts  are  not  of  the  same 
crystalline  form.  Third,  the  racemate  of  potash  and  soda 
is  uncrystallizable,  giving  merely  a  gummy  mass,  whilst  the 
Rochelle  salt  forms  very  large  crystals.  Fourth,  the  race- 
mate  of  lime  is  insoluble  in  a  solution  of  sal-ammoniac.  The 
two  acids,  however,  form  a  most  perfect  example  of  isomerism, 
as  not  merely  their  composition,  but  their  atomic  weight  is 
absolutely  the  same. 

When  heated,  racemic  acid  passes  through  precisely  the 
same  changes  as  have  been  described  for  tartaric  acid,  aban- 
doning water,  and  forming  bibasic  acids,  whose  formulae  are 
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respectively  CiaHeOw  +  2H0  and  CwHsOao  +  2HO-  They 
are  distinguished  by  their  salts,  which  differ  in  characters 
from  each  other,  and  from  those  of  the  bodies  formed  by 
tartaric  acid. 

By  the  destructive  distillation  of  racemic  acidj  is  gene- 
rated the  pyroracemic  acid,  in  which  the  isomerism  with  the 
tartaric  acid  series  is  brbken  through;  its  formula  being 
CeHaOft.  It  differs  totally  in  properties  from  the  pyrotar- 
taric  acid;  it  does  not  crystallize ;  it  tastes  acid ;  its  salts  are 
all  soluble  and  crystallizable ;  but  pass  also  into  a  gummy 
condition.  If  a  little  crystal  of  copperas  be  laid  in  a  solu- 
tion of  one  of  these  salts,  it  becomes  coloured  bright  red. 

Citric  Acid.—Ci^UsOn  +  3HO  +  2Aq. 
This  acid  exists  in  the  juices  of  fruits,  especially  the  lemon, 
orange,  currant,  and  quince.  It  is  usually  prepared  from  lemon 
juice,  which  is  clarified  by  rest,  then  saturated  with  chalk,  and 
the  neutral  solution  is  boiled  until  the  citrate  of  lime  is  com- 
pletely deposited ;  this  is  then  washed  and  decomposed  by  a 
quantity  of  oil  of  vitriol,  equal  in  weight  to  the  chalk  employed, 
and  diluted  with  six  volumes  of  water.  After  the  sulphate  of 
lime  has  been  removed  by  straining,  the  liquor  is  evaporated, 
and  allowed  to  crystallize  by  very  slow  cooling  ;  its  form  is 
generally  that  of  a  right  rhombic  prism,  very  much  modified, 
as  in  the  figure,  where  i  u'u  are  primary,  and  »,  y,  r,  are  se- 
condary planes.  In  this  case  its  formula  is  that 
given  above ;  but  if  its  solution  be  evaporated 
at  212^  to  a  pellicle,  it  crystallizes  whilst  hot,  in 
a  totally  different  form,  and  its  formula  is  then 
C13H5O11  +  8.Hp.  By  exposing  the  hydrated  crystals  in 
vacuo  to  sulphuric  acid,  or  to  a  gentle  heat,  the  2Aq.  may 
also  be  removed. 

The  citric  acid  possesses  an  agreeably  sour  taste ;  it  dis- 
solves in  less  than  its  own  weight  of  cold,  and  in  half  its 
weight  of  boiling  water;  it  is  sparingly  soluble  in  alcohol; 
when  heated  it  fuses,  becomes  yellow,  and  ultimately  gives 
the  usual  pyrogenic  products  of  organic  acids.    It  is  a  tri- 
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basic  acidf  and  gives  rise  to  three  classes  of  salts,  which,  as 
they  may  contain  different  quantities  of  combined  water, 
rendered  their  history  very  confused  until  Liebig  explained 
their  true  constitution.  Very  few  of  these  salts  are,  how« 
ever,  of  practical  or  medicinal  interest. 

Citrate  of  Soda  crystallizes  in  efflorescent  prisms,  having 
the  formula  CisH50n  +  3NaO  +  4Aq  +  7Aq.  By  exposure 
to  a  heat  of  212^,  the  7Aq.  are  removed,  and  at  400^  the  re- 
maining 4Aq.  are  driven  off:  Berzelius  is  of  opinion,  that 
in  this  action  the  real  constitution  of  the  citric  acid  is 
changed,  and  that  it  is  partly  converted  into  aconitic  acid, 
but  the  point  is  not  yet  experimentally  decided,  and  Liebig's 
views  explain  the  phenomena  with  such  beautiful  simplicity 
that  I  have  no  hesitation  in  adopting  them,  at  least,  pro- 
visionally. 

The  Citrate  of  Lime  is  obtained  by  mixing  solutions  of  a 
soluble  citrate  and  of  a  salt  of  lime ;  it  forms  a  white  powder, 
sparingly  soluble  in  pure  water,  but  much  more  so  if  the 
liquor  be  acid.  Its  constitution  is  CmHaOh  +  3CaO  +  4Aq. 
When  boiled  with  an  excess  of  lime  water,  citric  acid  forms 
a  basic  citrate  of  lime,  which  is  less  soluble  than  the  neutral 
salt. 

The  Citrates  of  Lead  and  ofBarytes  are  white  powders, 
insoluble  in  water,  formed  by  double  decomposition,  and  re- 
sembling in  constitution  the  citrate  of  lime ;  there  are  also 
basic  salts,  the  formation  of  which,  as  in  that  of  lime,  ap- 
pears to  result  from  the  crystal-water  (SAq.)  of  the  acid 
being  more  or  less  replaced  by  metallic  oxide  in  addition  to 
that  which  fulfils  the  proper  basic  function. 

The  citric  acid  is  easily  recognized  by  forming  no  pre- 
cipitate with  lime  water,  unless  the  liquor  be  heated.  Its 
potash  salt  is  also  very  soluble,  even  with  an  excess  of  acid ; 
it  is  thus  distinguished  from  the  racemic  and  tartaric  acids. 

When  citric  acid  is  heated  it  fuses,  gives  off  water,  and  is 
converted  into  an  acid,  which,  from  being  found  in  the  aco- 
nitum  napellus,  is  called  aconitic  acidy  but  it  exists  also  abun- 
dantly in  various  species  of  equisetum,  and  is  hence  often 
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called  eguisetic  acid.  To  complete  the  change  of  the  citric  acid 
it  must  be  distilled  until  the  gases  which  come  over  cease  to 
be  inflammable^  and  oily  drops  appear  in  the  receiver ;  the 
process  is  to  be  then  interrupted ,  the  mass  remaining  in  the 
retort  to  be  dissolved  in  water,  the  solution  filtered  and  eva* 
porated  to  a  pellicle.  On  cooling,  it  forms  a  crystalline  mass, 
from  which  ether  dissolves  out  the  aconitic  acid,  and  leaves 
unaltered  citric  acid  behind ;  the  former  may  then  be  ob- 
tained crystallized  by  evaporation. 

Aconitic  acid  is  soluble  in  water,  alcohol,  and  ether ;  its 
formula  is  C13H3O0  +  3.Aq. ;  like  citric  acid  it  is  tribasic  ;  it 
forms  well  characterized  salts ;  the  aconitate  of  ether  had 
been  mistaken  for  citric  ether,  for  when  citric  acid  is  put  in 
contact  with  alcohol  and  oil  of  vitriol,  it  changes  into  aconi- 
tic acid. 

If  aconitic  acid  be  heated  until  it  boils,  it  gives  off  car- 
bonic acid,  and  forms  itahonic  acidy  which  distils  as  an  oily 
liquid,  and  forms  a  crystalline  mass  as  it  cools ;  by  solution 
in  alcohol  and  slow  evaporation,  it  may  be  obtained  in  long 
prismatic  needles ;  its  salts,  of  which  there  are  two  classes, 
(it  being  bibasic))  generally  crystallize  very  well ;  its  for- 
mula is  C10H4O6  +  2Aq  ;  formed  by  the  aconitic  acid  losing 
C2O4,  but  an  atom  of  water,  previously  basic,  entering  into 
the  organic  element.  When  the  itakonic  acid  is  redistilled, 
it  is  converted  into  water  and  a  heavy  oily  liquid,  citrakonic 
acidf  the  formula  of  which  is  CioHgOs  +  Aq.  In  contact 
with  water  it  forms  a  crystalline  mass  containing  2Aq. 

All  these  products  are  simultaneously  and  successively 
formed  in  the  distillation  of  common  citric  acid.  Acetone  is 
also  generated,  CwHijOia  giving  3(C3H30),  with  3.HO  and 
3(COa.) 

Malic  Acid.—CsU^O^  +  2H0. 

This  acid  exists  in  most  fruits  associated  with  citric  and 
tartaric  acids ;  but  it  is  found  purest  and  most  abundant  in 
the  berries  of  the  mountain  ash,  and  in  the  house  leek.  The 
best  mode  of  extraction  is  the  following,  devised  by  Liebig. 
The  juice  of  the  berries  of  the  mountain  ash  (sorbus  aucuparia) 
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is  to  be  nearly  but  not  completely  neutralized  by  lime,  and 
the  liquor  then  boiled  for  some  hours,  during  which  the  ma- 
late  of  lime  precipitates  as  a  sandy  white  powder;  when  no 
more  falls  down,  the  neutralization  is  completed  by  adding 
a  little  lime,  and  on  cooling  the  remiunder  of  the  salt  is  ob- 
tained. This  malate  of  lime  is  to  be  dissolved  by  boiling,  in 
the  smallest  possible  quantity  of  very  dilute  nitric  acid.  On 
cooling,  the  acid  malate  of  Ume  crystallizes,  and  is  to  be 
purified  by  recrystallization.  This  salt  being  then  decom- 
posed by  acetate  of  lead,  malate  of  lead  is  formed,  which, 
being  acted  on  by  sulphuretted  hydrogen,  gives  sulphuret  of 
lead  and  free  malic  acid ;  by  evaporation  of  the  liquor  and 
cooling,  a  sirup  thick  liquid  is  obtained,  which,  after  long  re- 
pose, forms  a  white  crystalline  mass. 

Malic  acid  is  deliquescent,  and  very  soluble  in  water.  It 
tastes  and  reacts  strongly  acid ;  its  relations  to  bases  are 
very  curious ;  thus,  magnesia  is  the  only  earth  by  whose 
carbonate  it  can  be  completely  neutralized.  This  arises  from 
its  tendency  to  form  salts,  in  which  one  atom  of  basic  water 
is  preserved ;  it  being  a  bibasic  acid.  Another  peculiarity 
pointed  out  by  Hagen  is,  that  it  forms  with  many  bases  two 
neutral  salts,  of  which  one  retains  water  with  obstinacy  at 
212^,  at  which  temperature  the  other  at  once  abandons  it 
When  crystallized,  it  appears  to  contain  only  basic  water ; 
its  formula  is  hence  C8H4O8  +  2Aq.  None  of  its  salts  are  of 
technical  or  medicinal  interest,  and  hence  require  but  brief 
notice. 

The  alkaline  malates  are  very  soluble  in  water,  scarcely 
crystallizable,  sparingly  soluble  in  alcohol. 

The  MahUeo/Lime  forms  as  a  granular  white  precipitate, 
when  malic  acid  is  neutralized  by  lime.  Its  formula  is 
CBH4O8  +  2.CaO ;  it  separates  in  hard  brilliant  crystals, 
which  contain  5  Aq.,  when  the  following  salt  is  neutralized 
by  an  alkaline  carbonate.  Bi-makUe  of  limey  C8H4O8  + 
CaO.HO +6Aq.  crystallizes  in  large  right  rhombic  octo- 
hedrons.  Water  dissolves  it  abundantly  when  boiling,  but 
very  sparingly  when  cold. 
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The  Malate  of  Lead— C^U40s  +  2FhO,  precipitates,  on 
mixing  solutions  of  a  soluble  malate  with  acetate  of  lead ,  as  a 
white  curdy  mass,  which,  after  some  time^  changes  into  minute 
but  brilliant  crystalline  scales.  By  boiling  in  water,  a  small 
quantity  of  it  is  dissolved,  which  separates  in  brilliant  plates 
on  cooling.  It  fuses  below  212^,  and  is  then  nearly  insoluble 
in  water. 

Malic  acid  is  distinguished  both  from  tartaric  and  citric 
acids,  by  not  giving  any  precipitate  with  lime  water  either 
by  heat  or  when  cold. 

When  malic  acid  is  heated  to  a  temperature  of  about  400^, 
it  abandons  water  and  gives  origin  to  two  acids,  of  which  one 
is  remarkable  as  being  found  naturally  existing  in  several 
plants.  They  are  the  maleic  acid  and  the  fumaric  acid^  the 
latter  so  called  from  having  been  first  discovered  in  the  fu- 
maria  officinalis.  These  acids  are  isomeric,  the  reaction 
being  in  both  cases,  that  C8H4O8  produces  2  HO  and 
CeH206.  Both  acids  may  be  formed  in  the  same  process ; 
the  maleic  acid  passes  over  with  the  water,  and  crystallizes 
irom  the  condensed  liquor;  the  less  volatile  fumaric  acid 
constitutes  the  residue  in  the  retort,  which  solidifies  into 
a  crystalline  mass  as  it  cools.  From  the  plants  which  con- 
tain this  acid,  it  may  be  obtained  by  precipitating  the  clarified 
juices  by  acetate  of  lead,  and  decomposing  the  salt  of  lead 
by  sulphuretted  hydrogen.  The  liquors  yield  the  acid  by 
crystallization  when  concentrated  to  the  necessary  degree. 

The  Maleic  Add,  which  had  been  thought  identical  with 
the  aconitic  acid,  already  noticed,  forms  crystals  of  a  sour 
bitter  taste,  soluble  in  water,  alcohol,  and  ether.  When 
heated  it  abandons  water,  and  the  anhydrous  acid  remains, 
which,  if  the  water  be  allowed  to  flow  back,  gradually 
changes  into  fumaric  acid.  This  anhydrous  acid  melts  at 
167^  and  sublimes  at  350^  Of  its  salts,  that  of  barytes  alone 
is  remarkable,  it  is  a  white  precipitate  which  changes  soon 
into  a  mass  of  brilliant  plates. 

The  Fumaric  Acid,  which  exists  also  in  Iceland  moss,  crys- 
tallizes in  fine  long  prisms,  which  fuse  with  difiiculty,  and 
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voUtilise  first  at  400^.  It  requires  200  parts  of  water  for  its 
solution.  When  heated,  it  is  decomposed  into  water  and 
anhydrous  maleic  acid.  The  fumarate  of  silver  is  so  inso- 
luble that  one  part  of  the  acid,  dissolved  in  200,000  parts  of 
water,  is  precipitated  by  nitrate  of  silver,  but  the  precipitate 
dissolves  in  nitric  acid.  The  salts,  with  copper,  iron  and 
lead,  are  also  very  sparingly  soluble. 

When  muriatic  acid  gas  is  passed  into  a  solution  of  malic 
add  in  absolute  alcohol,  Hagen  found  that  the  ether  formed 
contains  fumaric  and  not  maUc  acid.  It  is  a  hquid,  heavier 
than  water,  of  an  agreeable  smell.  With  potash  it  gives  al- 
cohol and  fumarate  of  potash.  Its  formula  is  C4HO3+ AeO. 
On  adding  water  of  ammonia  to  this  ether,  a  substance  is 
deposited  in  brilliant  white  scales,  insoluble  in  cold  water 
and  in  alcohol,  but  dissolved  by  boiling  water.  It  isfuma- 
ramid;  its  formula  being  C4H02.Ad.  By  potash,  ammonia 
is  set  free,  and  fumarate  of  potash  formed. 

Mecomc  ^cid— CuHOn  +  3H0  +  2Aq. 

This  acid  is  found  only  in  opium;  it  is  best  extracted 
by  adding  chloride  of  calcium  to  an  infusion  of  opium  in  cold 
water.  A  white  precipitate  of  mixed  meconate  and  sulphate 
of  lime  occurs.  This  being  washed  with  hot  water  and  with 
alcohol,  is  to  be  treated  with  dilute  muriatic  acid,  heated  to 
about  180^,  The  meconate  of  Ume  dissolves,  and,  from  the 
liquor  on  cooling,  bi-meconate  of  lime  separates  in  brilliant 
crystalline  plates.  On  dissolving  these  in  warm  strong  mu- 
riatic acid,  and  cooling  the  solution,  the  pure  meconic  acid 
crystallizes.  It  may  be  freed  from  any  adhering  colouring 
matter  by  combination  with  potash,  decomposing  the  crys- 
tallized meconate  of  potash  by  muriatic  acid,  and  recrystal- 
lization. 

When  pure,  meconic  acid  is  in  brilliant  white  crystalline 
scales,  containing  2.  Aq.,  which  they  give  off  at  212^;  it  is 
soluble  in  four  parts  of  boiling  water ;  it  is  a  tribasic  acid, 
forming  salts,  of  which  those  with  the  earths  and  heavy  me- 
tallic oxides  are  generally  insoluble  in  water.     There  are 
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three  classes  of  meconates,  according  as  the  quantity  of  fixed 
base  is  one,  two,  or  three  atoms.  Few  of  them  are  specifically 
of  importance.  The  most  characteristic  properties  of  this 
acid  are,  Ist,  that  it  produces  with  solutions  of  the  peroxide 
of  iron  a  blood-red  colour,  analogous  to  that  of  the  sulpho- 
cyanide  of  iron,  from  which  it  is  distinguished  by  the  fact, 
that  on  the  addition  of  the  acetate  of  lead,  a  white  precipitate 
is  formed,  which,  when  heated  to  full  redness  with  a  little 
sulphur  and  potassium,  and  treated  with  water,  gives  no  red 
colour  with  the  salts  of  iron  (see  page  862) ;  2nd,  that  with 
nitrate  of  silver  it  gives  a  white  precipitate,  which  is  dis- 
solved by  dilute  nitric  acid  ;  the  liquor,  however,  when 
boiled,  becomes  milky,  and  deposits  cyanide  of  silver. 

If  a  strong  solution  of  meconic  acid  be  boiled  for  a  long 
time,  or  if  the  crystallized  acid  be  dissolved  in  strong  boil- 
ing muriatic  acid,  it  is  converted  into  komemc  acid;  carbonic 
acid  being  given  ofil  The  crystallized  meconic  acid  under- 
goes the  same  change,  when  heated  to  400^.  Thisitcid  forms 
granular  crystals,  which  are  soluble  only  in  sixteen  parts  of 
boiling  water,  and  have  the  formula  Ci^HaOg  +  2H0,  as  the 
C14HO11  loses  Ca04  and  gains  HO.  This  acid  is  bibasic ;  the 
third  atom  of  water,  which  was  basic  in  the  meconic  acid, 
entering  into  the  radical  here.  It  also  reddens  the  per-salts 
of  iron.  It  forms  two  series  of  salts,  which  in  properties  re- 
semble closely  the  corresponding  meconates.  When  it  is 
heated  to  500°,  it  gives  off  water  and  carbonic  acid,  and 
forms  pyro-mekonic  acid,  of  which  the  formula  is  C10H3O5  + 
HO.  This  acid  forms  crystalline  plates,  which  fuse  at  240°, 
and  are  volatilized  by  a  heat  little  higher.  It  is  very  soluble 
in  water,  alcohol  and  ether ;  it  is  a  monobasic  acid,  forming 
salts,  which,  with  the  exception  of  that  of  lead,  are  all  so- 
luble in  water.  Like  the  acids,  from  which  it  is  derived,  it 
strikes  a  blood-red  colour  with  solutions  containing  peroxide 
of  iron. 

Tannic  Add  or  ranniii.— CwHaOg  +  SHO. 

This  important  substance  exists  in  the  bark  of  most  exo- 
genous trees,  particularly  the  oak  and  horse-chesnut,  accu- 
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mulated  principally  in  the  inner  layers  of  bark.  It  is  found 
also  in  the  rooU  of  the  tormentilla  and  bistort,  in  the  leaves 
of  roses  and  pomegranates  ;  but  its  most  abundant  source  is 
the  gall-nut  of  the  oak  (quercus  infectoria). 

To  distinguish  this  from  the  other  kinds  of  tannin,  of 
which  there  is  a  great  number,  it  may  be  suitably  termed 
gallo-iannic  add,  ^nd  I  shall  generally,  though,  perhaps,  not 
uniformly,  employ  that  name. 

The  method  given  by  Pelouze  for  its  extraction,  and 
which  serves  for  the  preparation  of  a  variety  of  other  vege- 
Uble  principles,  is  as  follows:  into  a  globular  funnel,  b, 
which  can  be  closed  at  the  top  by  a  stopper,  and  rests  in  a 
bottle,  a,  as  in  the  figure,  is  to  be  introduced  a  quantity 
of  nut-galls  in  powder,  moderately  compressed, 
after  the  tube  of  the  funnel  has  been  stopped  with 
I  a  little  cotton.  The  upper  empty  part  of  the  fun- 
nel is  to  be  then  filled  with  ether,  as  it  is  usually 
in  the  shops,  containing  about  one-tenth  of  water 
dissolved  in  it,  and  the  apparatus  allowed  to  stand 
for  some  days.  The  bottle  is  then  found  to  con- 
tain two  layers  of  liquid.  The  inferior,  sirup- 
thick,  is  a  concentrated  solution  of  tannic  acid  in 
water,  with  very  little  ether.  The  upper  is  ether,  contain- 
ing but  a  trace  of  tannic  and  gallic  acids.  Being  separated, 
the  lower  layer  is  to  be  washed  once  or  twice  with  a  little 
ether,  and  then  evaporated  in  vacuo,  with  a  capsule  of  sul- 
phuric acid.  A  faintly  yellowish  white  mass  remains,  of  a 
distinctly  crystalline  structure,  which  is  pure  gallo-tannic 
acid.  The  theory  of  this  process  is,  that  the  tannic  acid  is 
so  greedy  of  water  as  to  withdraw  it  from  the  ether,  and  to 
dissolve  in  it  to  the  exclusion  of  every  other  constituent  of 
the  gall-nut. 

The  watery  solution  of  gallo-tannic  acid  reddens  litmus  ; 
it  is  probably  insoluble  in  absolutely  anhydrous  alcohol  and 
ether ;  its  taste  is  intensely  astringent,  but  not  bitter.  The 
most  characteristic  property  of  tannic  acid  is,  that  it  com- 
bines with  the  animal  substance  gelatine,  and  forms  a  com- 
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pound  insoluble  in  water,  which  is  the  basis  of  most  kinds  of 
leather ;  hence  any  tissue,  as  skin,  which  contains  gelatine, 
removes  gallo-tannic  acid  from  its  watery  solution,  on  which 
is  founded  the  art  o{  tanning.  It  is  a  tribasic  acid,  and  forms 
three  classes  of  salts,  which  are  of  interest  from  the  colours 
of  the  precipitates  it  gives  with  metallic  solutions,  being  often 
useful  as  a  test  for  the  presence  of  certain  metals.  Hence  an 
infusion^  or  tincture  of  gaUs,  is  always  found  in  the  laboratory 
as  a  reagent ;  it  does  not  affect  the  solutions  of  zincy  or  cad- 
miumy  or  the  protojndes  of  iron,  and  manganese,  nor  any  of 
the  alkaline  or  earthy  salts.  With  the  other  metals  it  gives 
precipitates  which  with  lead  and  antimony  are  white ;  with 
coppery  grey ;  with  tin,  nickel,  cobalt ,  cerium,  tellurium,  and 
silver,  are  various  shades  of  yellow  ;  with  tantalum  and  bis- 
muthf  are  orange;  with  titanium,  blood  red;  with  platinum, 
green;  with  chrome,  molybdenum,  uranium,  and  gold,  are 
brown;  and  with  osmium  and  peroxide  of  iron,  are  rich 
bluish-purple.  This  last  is  the  most  important  of  all  from  its 
great  delicacy  and  distinctness.  If  the  solutions  be  very 
strong,  the  liquor  appears  absolutely  black,  and  constitutes 
the  material  of  ordinary  writing  ink. 

The  insolubility  and  consequent  inactivity  of  tartrate  of 
antimony  is  taken  advantage  of  in  medicine  ;  infusion  of  oak- 
bark,  or  galls,  being  employed  as  an  antidote  in  poisoning 
by  tartar-emetic.  I  shall  have  occasion  hereafter  to  notice 
its  use  in  the  detection  and  neutralization  of  the  vegetable 
alkaloids. 

The  gallo-tannic  acid  is  not  the  only  kind  of  tanning  ma- 
terial employed  in  the  manufacture  of  leather ;  yet  as  the 
others  will  hereafter  come  under  notice,  I  shall  here  give 
Humphrey  Davy's  estimate  of  the  comparative  power  of  such 
substances  as  contain  true  tannic  acid.  He  found  the  quan- 
tity of  active  material  in  100  parts  of  the  following  bodies 
to  be 

Gall  nuts 27-4      White  inner  oak  bark     .     160 

Oak  bark  entire  ....  63  White  inner  horse-chesnut  15*2 
Horse  chesnut  bark  entire  4*3  Sicilian  sumac .  .  .  .  16*2 
Elm  bark  entire      .     .     .     27       Malaga  sumac        .     .     .     10*4 
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These  numbers  are  but  approximatiTe^  and  such  as  are 
given  by  very  rough  processes ;  the  true  quantity  of  tannic 
acid  present  being  much  krger ;  thus  the  nut  galls  easily 
yield  by  Pelouze's  method  forty  per  cent,  of  pure  product. 

When  a  solution  of  tannic  acid  is  exposed  to  the  air  it  is 
decomposed^  absorbing  oxygen  and  evolving  carbonic  add, 
the  liquor  becomes  coloured,  and  a  large  quantity  of  gallic 
acid  is  found  to  be  produced. 

GaUie  Acid.— C^HO^  +  2H0  +  Aq. 

This  remarkable  substance  does  not  appear  to  exist  na- 
turaUy  formed  in  plants,  but  is  generated  by  the  decompo- 
sition of  gallo-tannic  acid.  Powdered  galls  are  to  be  made 
into  a  thin  paste  with  water  and  exposed  to  the  air  for  some 
weeks,  at  a  temperature  of  about  80^,  water  being  supplied 
according  as  it  evaporates  away ;  the  resulting  mass  is  to  be 
boiled  with  water,  and  the  gallic  acid  crystallises  out  of  the 
liquor  as  it  cools.  By  digestion  with  ivory  black  and  re- 
crystallization,  it  is  obtained  completely  pure. 

In  this  process  the  reaction  is  very  simple,  as  an  atom  of 
tannic  acid  CibHsOi^,  absorbing  from  the  air  eight  atoms  of 
oxygen,  produces  4.CO2  &nd  ^(CjUO^  +  3Aq.) 

The  conversion  of  gallo-tannic  acid  into  gallic  acid,  may 
occur,  however,  without  the  access  of  air,  and  indeed  be 
efiected  almost  instantaneously ;  thus  if  tannic  acid  be  boiled 
in  a  strong  solution  of  potash  for  a  few  minutes,  and  an  ex- 
cess of  sulphuric  acid  be  then  added,  a  copious  produce  of 
gallic  acid  is  obtained  crystallized  on  cooling;  or  if  sulphuric 
acid  be  added  to  a  strong  solution  of  gallo-tannic  add,  and 
the  predpitate  thus  formed  be  washed  with  a  small  quantity 
of  water,  and  then  added  gradually  to  boiling  dilute  sulphu- 
ric acid,  it  dissolves,  and  on  cooling,  the  gallic  acid  crystal- 
lises. In  these  reactions,  which  succeed  also  perfectly  with 
infusion  of  galls,  some  other  substances  must  be  simulta- 
neously formed,  which  are  as  yet  not  known.  Gallo-tannic 
acid  contains  exactly  the  constituents  of  gallic  acid  and 
acetic  acid,  as  CwHsOgZigCCTHOa) +  C4H3O3,  but  Liebig 
has  determined  that  acetic  acid  is  not  produced. 
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This  change  may  occur  in  the  nut  gall  itself,  which  it  is 
very  probable  contains  a  principle  analogous  to  yeast,  which, 
under  favourable  circumstances,  induces  this  kind  of  decom- 
position in  the  gallo- tannic  acid.  This  idea,  first  suggested 
by  Robiquet,  has  derived  much  support  from  the  experi- 
ments of  Larocque,  who  found  that  the  matter  of  the  nut- 
gall  which  remains  after  the  extraction  of  the  tannin,  has  the 
power  of  exciting  the  alcoholic  fermentation  in  solutions  of 
sugar.  As  yet^  however,  we  possess  no  accurate  knowledge 
of  the  theory  of  this  interesting  transmutation. 

Pure  gallic  acid  crystallizes  in  colourless  doubly  oblique 
rhombic  prisms,  as  u,  z,  in  the  figure,  where  i,  is  a  secon- 
dary plane ;  it  tastes  bitter  and  slightly  acid,  and 
requires  100  parts  of  cold,  but  much  less  of  boiling 
water  for  its  solution ;  it  is  less  soluble  in  alcohol ; 
its  crystals  contains  three  atoms  of  water,  of  which 
one  is  expelled  at  a  temperature  of  230^,  but  the 
remaining  two  are  only  removed  when  replaced  by 
bases.  It  is  a  bibasic  acid,  forming  two  classes  of  salts ; 
those  with  the  alkalies  are  very  soluble ;  the  earthy  and  me- 
tallic salts  are  insoluble  in  water.  With  a  per-salt  of  iron, 
gallic  acid  gives  a  blackish  blue  precipitate,  which  difiers 
from  the  tannate  of  iron  in  becoming  gradually  colourless, 
the  acid  being  decomposed  and  the  iron  reduced  to  the  state 
of  protoxide ;  this  is  effected  instantly  by  boiling,  carbonic 
acid  gas  being  evolved.  The  gallic  acid  is  further  dis- 
tinguished from  the  tannic  by  not  precipitating  gelatine  nor 
any  of  the  vegetable  alkalies. 

Products  of  the  Decomposition  of  Gallic  Add. 

PyrogalUc  Acid.— Vfhen  gallic  acid  is  carefully  heated 
to  about  400^,  it  is  totally  decomposed  into  carbonic  acid, 
and  pyrogallic  acid,  (C7H3O5  =  C6H3O3  -f  CO2),  which  sub- 
limes in  brilliant  white  plates ;  it  is  easily  soluble  in  ether, 
alcohol,  and  water ;  it  reacts  feebly  acid ;  it  fuses  at  240**, 
and  sublimes  at  400^.  If  a  solution  containing  peroxide  of 
iron  be  added  to  a  solution  of  pyrogallic  acid,  a  black  colour 
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u  8truckf  but  the  iron  is  rapidly  reduced  to  the  state  of  pro- 
toxide, and  the  liquor  assumes  a  rich  red  tmt.  If,  however, 
a  salt  of  pyrogallic  acid  be  used,  the  solution  remains  per- 
manently blue. 

Melangallic  Acid. — If  in  the  distillation  of  pyrogallic 
acid  the  temperature  be  allowed  to  rise  beyond  450^,  it  is 
decomposed,  water  is  given  off,  and  a  shining  jet-black  mass 
like  coal  renuuns  in  the  retort,  which  is  this  body ;  its  for- 
mula is  C1SH3O3,  being  formed  from  2(C6H303)  by  loss  of 
3.H0;  it  is  insoluble  in  water,  alcohol  and  ether;  at  a  tem- 
perature of  500^  it  is  totally  decomposed  into  the  ordinary 
pyrogenic  products  ;  it  dissolves  in  alkaline  solutions,  form- 
ing salts  of  a  black  colour,  which  do  not  crystallize ;  these 
salts  give  black  precipitates  with  solutions  of  the  earthy  and 
metallic  salts. 

If  gallo-tannic  acid  be  heated  to  about  400^,  it  is  re- 
solved totally  into  pyrogallic,  melangallic  and  carbonic  acids, 
and  water. 

EUagic  Acid. — In  the  formation  of  gallic  acid  by  the  slow 
fermentation  of  tannic  acid,  a  certain  quantity  of  ellagic  acid 
generally,  though  not  constantly,  appears.  Being  insoluble 
in  water,  it  remains  when  the  gallic  acid  has  been  dissolved 
out,  and  by  digesting  the  residue  with  a  weak  solution  of 
potash  it  is  taken  up,  and  may  then  be  precipitated  by  muri- 
atic acid. 

It  forms  minute  crystals,  whose  formula  is  C7HO3  + 
HO  +  Aq.  The  Aq.  is  driven  off  by  a  heat  of  212^,  and  the 
dry  acid  is  then  isomeric  with  the  gallic  acid,  but  it  is  mo- 
nobasic; it  is  very  feebly  acid,  not  expelling  carbonic  acid 
from  its  salts ;  the  earthy  and  metallic  ellagates  are  all  inso- 
luble, and  all  white  or  yellow. 

If  gallic  acid  be  heated  to  280^  with  oil  of  vitriol,  it  dis- 
solves, and  on  cooling,  brilliant  crystals  of  a  dark  scarlet  co- 
lour are  deposited,  which  constitute  par-ellagic  acid.  This 
body  is  isomeric  with  ellagic  acid ;  it  forms  with  bases  salts 
which  are  generally  red.  It  is  worthy  of  notice,  that  ellagic 
acid  acted  on  by  oil  of  vitriol,  gives  no  par-ellagic  acid. 
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It  18  here  probably  best  to  notice  the  formation  of  what 
has  been  termed  artificial  tannin;  it  is  produced  by  mixing 
one  part  of  almost  any  kind  of  vegetable  substance  with  five 
parts  of  oil  of  vitriol,  letting  the  mixture  stand  for  some  days, 
and  then  heating  it  as  long  as  any  sulphurous  acid  gas  is 
evolved.  A  black  mass  remains,  from  which  the  remaining 
acid  is  to  be  washed  with  water,  and  then  the  tannin  dis- 
solved out  by  alcohol ;  the  solution  is  dark  brown,  and  when 
evaporated  gives  a  black  extractive  matter,  which  tastes 
astringent,  smells  of  burned  sugar,  and  dissolves  in  water ; 
it  precipitates  gelatine,  but  does  not  afiect  the  salts  of  iron 
like  true  tannin. 

Another  and  very  singular  manner  of  producing  artificial 
tannin,  consbts  in  boiling  pure  charcoal  in  nitric  acid  as  long 
as  any  reaction  occurs ;  the  liquor  is  then  brown ;  being  eva- 
porated to  the  consistence  of  a  sirup  and  mixed  with  water,  a 
brownish  yellow  substance  falls,  and  the  filtered  solution  gives, 
by  evaporation,  a  hard  black  mass,  which  reddens  litmus,  tastes 
astringent,  is  soluble  in  water  and  in  alcohol,  and  copiously 
precipitates  gelatine ;  when  heated  it  smelb  like  horn,  and 
contains  nitrogen  ;  it  precipitates  most  metallic  salts  brown. 
The  true  nature  of  these  bodies  is  not  well  known,  as  they 
have  not  been  much  studied  since  the  methods  of  organic 
chemistry  acquired  their  present  exactness ;  they  are  pro- 
bably mixtures  of  many  bodies,  as  ulmine  in  its  various 
forms,  with  crenic  and  aprocrenic  acids. 

Catechuic  Acid,  and  Catechu-tannic  Acid. 

The  Catechu,  or  Terra  Japonica,  a  brown  extract  pre- 
pared from  the  wood  of  the  mimosa  catechu,  appears  to 
contain  at  least  four  acids,  the  precise  composition  and  con- 
nexion of  which  have  not  yet  been  definitely  established. 
The  rough  catechu,  as  imported,  is  of  extensive  use  in  me- 
dicine, and  in  the  arts  for  tanning  and  for  giving  a  rich  per- 
manent brown  dye.  Davy  estimated  that  100  parts  of  Bengal 
catechu  contain  forty-eight,  and  of  Bombay  catechu  about 
fifty-four  per  cent,  of  useful  tanning  material. 
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If  catechu  be  treated  with  ether,  by  the  method  of  dis- 
placement as  described  for  tannic  acid,  the  liquor  does  not 
separate  into  two  layers,  but  a  strong  solution  of  catechu- 
tannic  acid  in  ether  is  obtained,  which,  by  evaporation, 
yields  it  as  a  pale  yellow,  scarcely  crystalline,  mass,  m  taste 
and  appearance  similar  to  tannic  acid ;  its  solution  in  water 
precipitates  gelatine,  but  not  tartar-emetic ;  with  the  salts 
of  peroxide  of  iron  it  strikes  an  intensely  olive*green  colour, 
which  is  best  marked  with  the  perchloride,  being  somewhat 
purple  with  the  persulphate ;  exposed  to  the  air,  its  solution 
rapidly  absorbs  oxygen,  becomes  red,  and  finally  brown,  de- 
positing a  brown  insoluble  matter.  This  change  is  instantly 
effected  by  any  oxicSsing  agent. 

The  catechu-tannic  acid  has  been  analyzed  by  Pelonxe, 
who  ascribes  to  it  the  formula  CnHsOg  +  Aq. ;  it  would 
thus  appear  to  be  formed  by  the  abstraction  of  four  atoms  of 
oxygen  from  tannic  acid. 

When  catechu  has  been  deprived  of  the  catechu-tannic 
acid  by  ether  or  continued  washings  with  cold  water,  the  re- 
sidual mass  is  to  be  boiled  in  alcohol,  and  the  filtered  liquor 
evaporated  to  one-third  of  its  volume;  on  cooling,  cateckmc 
acMl  crystallizes.  If  coloured,  it  is  to  be  dissolved  in  boiling 
water,  precipitated  by  acetate  of  lead,  the  catechuate  of  lead 
diffused  through  boiling  water,  and  decomposed  by  sulphu- 
retted hydrogen ;  the  liquor  being  filtered  gives,  on  cooling, 
a  perfectly  white  and  pure  catechuic  acid ;  it  forms  satiny 
flakes,  indistinctly  crystallized;  it  is  very  fittle  soluble  in 
cold  water,  but  abundantly  in  boiling  water  and  in  alcohol ; 
it  is  insoluble  in  ether ;  its  solution  is  not  acid ;  it  appears  to 
exist  in  very  different  states  of  hydration,  or  possibly  dif- 
ferent kinds  of  catechu  contain  substances  which  are  totally 
distinct,  for  the  formuhe  assigned  to  it  are  quite  discordant, 
and  chembts  are  not  agreed  quite  as  to  its  properties.  Svan- 
berg,  who  examined  the  catechu  from  the  mimosa  catechu, 
gives  as  its  formula,  C15H5O6  +  Aq.  Zwenger,  who  states 
the  substance  he  worked  with  to  be  the  produce  of  the  nau- 
clea  gambir,  gives  CgoHgOg  +  Aq. ;  and  Hagen,  who  used 
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Bengal  catechu,  found  the  catechuic  acid  to  be  CuHeOe  + 
3Aq.,  and  its  lead  salt,  CuHeOe  +  2PbO.  Additional  re* 
searches  are  required  to  clear  up  this  confusion. 

When  catechuic  acid  is  heated  it  fuses,  gives  off  water, 
and  finally  a  white  crystalline  sublimate,  pprocatechin,  which 
has  the  formula  CeHjO  +  Aq. ;  its  characteristic  property  is 
that  of  forming  a  bright  green  solution  with  alcohol. 

If  a  solution  of  either  of  the  acids  now  described  be  ex* 
posed  to  the  air,  oxygen  is  absorbed,  and  much  more  rapidly 
in  presence  of  an  alkali.  The  substance  formed  is  termed 
japonic  acid;  it  makes  up  the  mass  of  the  coloured  portion 
of  catechu ;  it  is  almost  insoluble  in  water ;  soluble  in  caustic, 
but  not  in  carbonated  alkalies.  Svanberg  gives  for  it  the 
formula  C13H3O4  +  Aq.  If  catechuic  acid  be  boiled  with  a 
solution  of  carbonate  of  potash,  rubitdc  acid  is  formed,  whose 
formula  is  said  to  be  CigHeOg.  By  further  absorption  of 
oxygen  it  forms  japonic  acid.  None  of  these  results,  how- 
ever, can  be  considered  as  definitely  established. 

Cinehona'tanfdc  Acid  and  Cinchonic  Acid. 

These  substances  exist  in  the  barks  of  various  species  of 
cinchona  combined  with  quinia  and  cinchonia.  The  first  is 
extracted  by  digestion  in  dilute  muriatic  acid  and  precipita- 
tion with  magnesia.  The  precipitate  is  to  be  dissolved  in 
acetic  add  and  precipitated  with  acetate  of  lead,  which  leaves 
the  alcaloids  dissolved ;  the  cinchona-tannate  of  lead  being 
decomposed  by  sulphuretted  hydrogen,  the  filtered  liquor 
yields,  on  evaporation,  the  cinchona-tanmc  acid  pure,  and 
of  a  very  pale  yellow  colour,  not  crystalline.  In  properties 
it  resembles  closely  ordinary  tannic  acid;  it  precipitates 
gelatine  and  tartar*emetic.  An  infusion  of  cinchona  is  hence 
recommended  as  an  antidote  in  cases  of  poisoning  by  tartar* 
emetic.  It  colours  solutions  of  the  persalts  of  iron,  green. 
By  exposure  to  the  air,  it  is  converted  into  a  rust'coloured 
substance,  termed  cinchona-red*  Nothing  is  known  of  the 
composition  of  these  bodies. 

The  Cinchonic  Acid,  which  Berzelius  believes  to  exist  in 
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the  inner  bark  (albumen)  of  fir  and  of  most  trees,  is  obtuned 
by  adding  lime  in  small  quantity  to  a  cold  infusion  of  cin- 
chona bark.  The  alkaloids  being  thus  separated,  the  liquor 
is  filtered  and  evaporated  very  carefully  to  the  consistence 
of  a  sirup.  On  standing  for  a  few  days,  the  cinchonate  of 
lime  crystallizes  in  needles,  which  are  to  be  decomposed  by 
an  exact  equivalent  of  sulphuric  acid.  The  gypsum  being 
removed  by  the  filter,  the  solution  is  concentrated,  and  the 
cinchonic  acid  crystallizes.  It  forms  small  acid  needles,  is 
very  soluble  in  water ;  its  salts  are  all  soluble  in  water ;  it 
affects  neither  gelatine,  tartar  emetic,  nor  the  per-salts  of 
iron ;  its  formula  appears  to  be  CuHbOs  +  4Aq.  When  it 
is  heated,  a  substance  sublimes  in  brilliant  yellow  needles, 
which  is  termed  ehinoyl^  and  consists  of  C3HO. 

Kinak  Acid,  or  Cocco-tannic  Acid. 

The  substance  known  in  pharmacy  as  gum  Unoj  which  is 
an  extract  of  the  wood  of  the  coccoloba  uvifera,  is  to  be  dis- 
solved in  cold  water,  the  solution  precipitated  by  sulphuric 
acid,  the  precipitate  washed,  dissolved  in  boiling  water,  and 
solution  of  barytes  added  until  the  sulphuric  acid  is  all  re- 
moved ;  the  liquor  is  then  carefully  evaporated  to  dryness. 
The  kinoic  acid  forms  a  crimson  transparent  mass ;  soluble 
in  alcohol  and  water,  but  not  in  ether;  its  taste  is  astringent, 
but  not  bitter.  The  salts  of  this  acid  are  not  known,  nor  has 
its  composition  been  examined.  It  does  not  precipitate  solu- 
tion of  tartar-emetic. 

Of  the  following  acids  we  possess  little  more  than  a 
knowledge  of  their  probable  existence. 

Lactucie  Acid  is  said  to  exbt  in  the  lactuca  virosa.  The 
expressed  juice  is  precipitated  by  acetate  of  lead,  and  the 
lactucate  of  lead  decomposed  by  sulphuretted  hydrogen. 
From  the  liquor  the  acid  crystallizes  by  evaporation  and 
cooling,  like  oxalic  acid;  it  tastes  acid,  and  gives  with  proto- 
salts  of  iron,  a  green,  and  with  salts  of  copper,  a  brown  pre- 
cipitate. 

Fungic  Acid  exists  in  most  mushrooms ;  their  expressed 
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juice  is  boiled,  and  the  coagulated  albumen  removed  by 
filtration  ;  the  liquor  is  then  evaporated  to  a  sirup,  and 
treated  with  alcohol.  Fungate  of  potash  remains  undissolved, 
from  which  the  acid  is  obtained  by  acetate  of  lead  and  sul- 
phuretted hydrogen.  The  fungic  acid  is  colourless,  sour,  de- 
liquescent, and  not  crystalline. 

Boletic  Acid  is  obtained  from  the  boletus  igniarius,  in  the 
same  way  as  the  last  acid  is  from  other  mushrooms.  It  crys- 
tallizes readily  and  sublimes  without  decomposition. 

KramericAcid  exists  in  rhatany  root  (krameria  triandria). 
The  watery  infusion  is  precipitated,  first  by  gelatine,  and 
then  by  copperas.  The  filtered  liquor  is  concentrated,  neu- 
tralized by  lime,  precipitated  by  acetate  of  lead  and  the 
kramerate  of  lead  decomposed  by  sulphuret  of  hydrogen ; 
it  crystallizes  irregularly,  and  tastes  strongly  acid  and  astrin- 
gent ;  its  formula  is  probably  CioHgO^,  by  Liebig's  analysis. 

Cdtncic  Acid  exists  in  the  root  of  the  chiococca  racemosa. 
Its  mode  of  extraction  resembles  that  of  the  krameric  acid ; 
it  crystallizes  in  needles ;  is  but  sparingly  soluble  in  water ; 
its  solution  reacts  acid ;  it  appears  to  have  the  same  formula 
as  krameric  acid,  and  perhaps  they  are  really  identical. 

Verdaus  and  Verdic  Adds  exist  in  a  variety  of  plants  of 
the  families,  dipsace®,  compositae,  and  eupatoriae ;  it  is  best 
prepared  from  the  roots  of  the  scabiosa  succisa.  They  are 
to  be  digested  in  alcohol,  and  the  solution  mixed  with  ether. 
Impure  verdous  acid  is  thrown  down ;  it  is  to  be  dissolved  in 
water,  and  the  liquor  precipitated  by  acetate  of  lead ;  the 
verdite  of  lead  being  collected  and  decomposed  by  H.S 
gives  the  pure  verdous  add^  which  remains  after  evaporation 
as  a  clear  yellow  mass,  which  is  not  altered  by  the  air ;  it 
reddens  litmus  strongly.  If  it  be  neutralized  by  an  alkali,  it 
then  absorbs  oxygen  rapidly,  and  the  solution  becomes  deep 
green;  firom  this,  acids  throw  down  a  brown-red  powder, 
which  is  verdic  acid.  Runge,  who  observed  these  facts,  consi- 
ders that  the  two  acids  are  different  oxides  of  the  same 
radical,  but  no  exact  researches  have  been  made  about  them. 

Other  acids  of  which  the  existence  has  been  only  indi- 
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cated  wQl  be  noticed  in  describing  the  more  important  bodies 
with  which  they  are  associated  in  the  plants. 


CHAPTER  XXV. 

# 

OF  THE  NEUTRAL  ORGANIC  SUBSTANCES  AND  THE 
PRODUCTS  OF  THEIR  DECOMPOSITION. 

The  bodies  to  be  described  in  this  chapter  are  distinguished 
by  the  absence  of  distinct  acid  or  basic  charactersj  and  ako 
that  they  are  at  least  so  destitute  of  colourj  as  not  to  be  in- 
cluded in  the  list  of  colouring  matters.  In  other  respects 
they  possess  no  direct  connexion  with  each  other,  and  are 
united  only  for  conTcnience  of  arrangement. 

PecHn  or  Vegetable  Jdly. 

This  substance,  which  is  to  be  carefully  distinguished 
from  animal  jelly  or  gelaHne,  to  which  it  by  no  means  bears 
the  relation  that  the  albumen  of  plants  does  to  that  of  ani- 
mals, is  very  extensively  diffused,  being  found  in  almost 
every  kind  of  plant,  and  distributed  through  all  their  parts. 
It  is  very  easily  prepared  from  the  expressed  juice  of 
white  beet,  celery,  parsley,  currants,  cherries  or  phims.  It 
is  sufficient  to  filter  the  juice  and  mix  it  with  alcohol ;  after 
some  hours,  the  pectin  separates  as  a  consistent  jelly,  which 
is  to  be  collected  on  a  filter,  washed  with  alcohol  and  dried 
by  a  very  moderate  heat.  It  forms  a  transparent  mass,  like 
isinglass,  and  is  almost  insipid.  When  immersed  in  water 
it  sweUs  up ;  one  part  gives  a  firm  jelly  with  100  parts  of 
water.  When  acted  on  by  nitric  acid  it  produces  pectic  and 
the  mncic  acid.  It  precipitates  the  salts  of  barytes,  lead, 
copper,  and  sesquioxide  of  iron,  but  does  not  affect  solutions 
of  silver,  of  protosulphate  of  iron,  of  tartar-emetic,  of  tannic 
acid,  or  of  silicate  of  potash.  Its  formula,  as  from  the  ex- 
perunenU  of  Fremy,  is  C34H„Oa2.     By  long  boiling,  or  by 
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contact  with  any  powerful  acid  or  base,  it  changes  into  the 
following  substance. 

Peetic  Acid  appears  to  exist  naturally  combined  with  lime 
in  many  plants,  and  is  precipitated  from  their  juice  on  the 
addition  of  muriatic  acid.  The  precipitate  is  to  be  boiled 
with  a  little  lime,  and  the  solution  again  decomposed  by  mu- 
riatic acid.  The  peetic  acid,  which  then  separaties  pure,  is 
to  be  washed  with  distilled  water  and  dried.  It  does  not 
crystallize,  but  forms  white  transparent  scales,  tastes  dis- 
tinctly acid,  and  reddens  litmus.  It  dissolves  very  sparingly 
in  cold,  but  more  copiously  in  boiling  water ;  the  solution  is 
colourless,  and  does  not  gelatinize  on  cooling,  but  is  coa- 
gulated to  a  transparent  jelly  by  acids,  by  lime  water,  alco- 
hol, and  many  salts.  Sugar  gradually  converts  the  solution 
into  a  firm  jelly,  and  is  thus  useful  in  the  manufacture  of  the 
preserves  of  juicy  fruits. 

The  peetic  acid  is  isomeric  with  pectin  ;  its  formula  being 
Cs4Hi7022.  It  appears  to  be  bibasic,  the  pectate  of  lead 
being  CmHi7022  4-  2PbO.  Its  alkaline  salts  are  soluble  in 
water^  but  the  others  are  insoluble,  and  form  transparent 
jellies  whilst  moist. 

If  pectin  or  peetic  acid  be  boiled  in  a  solution  of  potash, 
the  alkali  being  in  excess,  until  the  liquor  ceases  to  give 
any  precipitate  on  the  addition  of  muriatic  acid,  metapeciic 
€uM  is  formed.  On  the  addition  of  sugar  of  lead,  metapectate 
of  lead  is  thrown  down,  which  being  decomposed  by  sulphu- 
retted hydrogen,  the  metapectic  acid  dissolves,  and  is  ob- 
tained by  cautious  evaporation  to  dryness.  Its  taste  and  re- 
action are  strongly  acid ;  it  deliquesces  and  dissolves  easily  in 
alcohol  and  water ;  it  is  not  volatile.  When  dry  it  is  isomeric 
with  the  preceding  bodies,  its  formula  also  being  Cs4Hn032 ; 
but  its  salts  contain  five  atoms  of  base.  Those  of  the  alka- 
lies are  soluble  and  uncrystallizable ;  but  those  of  the  earths 
and  beavy  metallic  oxides  are  insoluble  in  water. 

Of  ScUicine  and  the  Bodies  derived  from  ii. 
This  substance  exists  in  the  leaves  and  bark  of  a  great 
variety  of  trees,  but  is  particularly  abundant  in  those  species 
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of  salix  which  have  a  bitter  taste.  The  bark  is  to  be  boiled 
three  or  four  times  with  water;  the  decoction  evaporated 
till  it  amounts  to  but  three  times  the  weight  of  the  bark  em- 
ployed ;  then  digested  for  twenty-four  hours  with  oxide  of 
lead  9  and  the  clear  liquid  evaporated  to  the  consistence  of  a 
sirup.  After  a  few  days  this  becomes  a  mass  of  crystalline 
fibres,  which,  separated  by  pressure  from  the  mother  liquor, 
are  to  be  purified  by  solution,  digestion  with  animal  char- 
coal, and  recrystalliaation. 

When  pure,  saUcine  b  m  the  form  of  small  white  rectan- 
gular crystalline  plates  or  prisms ;  its  taste  is  very  bitter.  It 
dissolves  in  eighteen  parts  of  cold  and  in  one  of  boiling  water ; 
it  is  soluble  in  alcohol,  but  not  in  ether;  at  21^  it  melts,  and 
on  cooling  solidifies  into  a  crystalline  mass.  The  composition 
of  salicine  has  been  very  accurately  determined,  its  formula 
is,  when  crystallized,  C2iHis09  4-SAq. ;  it  precipitates  the 
basic  acetate  of  lead,  forming  a  white  compound,  the  for- 
muk  of  which  is  CaiHiaOo  +  3PbO. 

The  products  of  the  decomposition  of  salicine  are  exceed- 
ingly remarkable.  When  it  is  boiled  with  dilute  sulphuric 
acid  it  is  decomposed  into  grape  sugar,  and  a  resinous  sub- 
stance, termed  saliretin.  Three  atoms  of  salicine  CoaHasOsr, 
giving  saliretin,  CsiH^Oii,  and  sugar,  CiaHwOw.  When  quite 
pure  this  body  is  white  or  pale  yellow.  It  is  insoluble  in 
water,  but  soluble  in  alcohol  and  ether. 

With  sulphuric  acid  and  chromate  of  potash,  salicine 
gives  hydruret  ofsalicyl  (oil  of  spiraea),  as  described  page 
958.  Although  the  evolution  of  formic  and  carbonic  acids, 
which  occur  in  this  reaction,  show  that  it  is  in  reality  com- 
plex, yet  its  result  may  be  expressed  by  the  simple  abstrac- 
tion of  water  from  the  salicine,  as  2(C2iHi209)— 6.HO  = 
3(Ci4He04). 

When  salicine  is  boiled  with  nitric  acid,  it  is  totally  con- 
verted into  picric  acid.  As  this  body  is  however  more  closely 
connected  with  indigo,  it  will  be  there  fully  described. 

By  the  action  of  chlorine  on  salicine,  two  bodies  are  pro- 
duced, one  crystalline,  whose  formula  is  C2iH,oClaOj>,  and 
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the  other  a  heavy  oil,  consisting  of  C21H8CI4O9.    They  are 
both  soluble  in  alcohol,  but  sparingly  soluble  in  water. 

If  strong  oil  of  vitriol  be  poured  on  salicine,  it  is  decom* 
posed  into  water  and  a  deep  olive-green  powder,  olivine  the 
formula  of  which  is  C31H9O6.  This  action  is  accompanied  by 
the  disengagement  of  much  heat.  Olivin  is  crystalline,  in- 
soluble in  water,  alcohol,  and  ether.  If  the  oil  of  vitriol  be 
in  great  excess,  it  becomes  red-coloured,  and  the  salicine  dis- 
solves. The  red  substance  thus  formed  is  termed  rujin; 
it  is  obtained  more  simply  from  phloridzine.  If  a  large  quan- 
tity of  saUcine  be  acted  on  by  sulphuric  acid,  it  forms  a  te- 
nacious mass^  which,  when  treated  with  water  and  the  liquor 
neutralized  by  lime,  gives  a  brown  resinous  body  which  is 
termed  ruHlin.  This  contains  sulphuric  acid,  its  formula 
being  C38H12O4  +  SO3. 

Of  Phloridzine  and  its  Products. 

This  remarkable  substance  exists  in  the  bark  of  the 
roots  of  tne  various  species  of  apple,  pear,  plum,  and  cherry 
trees.  It  is  prepared  by  infusing  the  root-bark  in  weak  spirit 
for  eight  or  ten*  hours  at  120®.  The  greater  part  of  the  spirit 
may  then  be  distilled  off,  and  on  cooling  the  phloridzine  crys- 
tallizes from  the  remaining  liquor.  It  forms  brilliant  silky 
plates  and  needles,  perfectly  white  when  pure.  It  is  easily 
soluble  in  alcohol,  ether,  and  in  boiling  water,  but  requires 
1000  parts  of  cold  water  for  its  solution.  Its  taste  is  bitter 
and  astringent.  The  formula  of  the  crystals  is  CsiHnOg  4- 
4Aq.  At  212®  it  gives  off  2.Aq.;  it  melts  at  226®  and  boils 
at  850®,  but  is  decomposed,  water  being  evolved  and  a  new 
substance  produced.  The  solution  of  phloridzine  precipitates 
some  metallic  salts.  The  persulphate  of  iron  gives  a  brown 
precipitate,  but  the  perchloride  of  iron  produces  a  blood-red 
liquor  and  no  precipitate. 

The  decomposition  of  phloridzine  by  heat  is  not  com- 
plete unless  the  temperature  rises  to  450® ;  it  then  forms  a 
deep  red  mass  of  rti/ifi,  the  same  substance  as  is  produced  by 
the  action  of  oil  of  vitriol  on  salicine ;  it  is  very  soluble  in 
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alcohoU  insoluble  in  ether ;  boiled  with  water  it  dissolves, 
but  loses  its  red  colour,  and  the  liquor  on  cooling  becomes 
milky.  It  disstrfves  in  water  of  ammonia  or  potash  witb  a 
rich  red  colour,  and  is  precipitated  on  the  addition  of  an 
acid;  its  formula  is  CUH7O5 ;  it  combines  with  oil  of  vitriol, 
forming  rufm-sulphuric  acid  which  unites  with  the  metallic 
oxides,  forming  red  or  brown  salts  which  possess  consider- 
able analogy  to  the  sulpho-vinates. 

When  phloridsnne  is  dissolved  in  dilute  sulphuric  acid, 
and  the  liquor  boiled,  a  white  crystalline  substance  sepa- 
rates, which  is  termed  phhretin ;  the  liquor  then  contains 
much  grape  sugar.  The  formula  of  phloretin  is  C5iH260n ; 
its  taste  is  sweet ;  it  is  sparingly  soluble  in  water,  but  very 
soluble  in  alcohol ;  it  melto  at  SW ;  when  heated  with 
nitric  acid,  it  forms  phlaretie  acid,  the  formula  of  which  is 
QiHuNaOssy  it  is  a  yellow-brown  powder,  of  a  velvety  as- 
pect but  not  crystalline,  insoluble  in  water,  and  soluble  in 
alcohol. 

The  most  remarkable  action  on  phloridzine  is,  that  ex- 
ercised by  ammonia  with  access  of  air.  Over  a  capsule  con- 
taining water  of  ammonia,  are  arranged  several  capsules  con- 
taining phloridzine  in  very  thin  layers,  and  the  whole  is  so 
covered  with  a  large  bell-glass,  as  that  the  air  shall  have  free 
access  ;  after  a  few  days,  the  contents  of  the  capsules  are 
changed  into  a  thick  sirupy  liquor,  nearly  black ;  the  excess 
of  ammonia  being  removed  by  exposure  in  vacuo  with  sul- 
phuric acid,  the  excess  of  phliMridzine  is  dissolved  out  by 
alcohol,  and  the  residue  then  being  dissolved  in  water,  gives 
a  magnificent  blue  liquor,  from  which  the  colouring  sub- 
stance, pUoridaufin,  is  precipitated  by  the  cautious  addition 
of  acetic  acid ;  it  is  not  crystalline ;  it  forms  a  transparent 
lesinous  mass  of  a  rich  crimson  colour ;  its  taste  is  bitter ; 
boiling  water  dissolves  enough  of  it  to  be  coloured  red,  but 
cold  water,  alcohol,  or  ether  appear  scarcely  to  act  upon  it. 

The  formula  of  phloridzein  is  CnHuOisN+Aq. ;  it  is 
formed,  therefore,  by  the  combination  of  phloridzine  with 
five  atoms  of  oxygen  and  one  of  ammonia ;  it  is  not,  how- 
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ever,  a  salt  of  ammonia,  for  the  alkalies  dissolve  phloridzein 
without  alteration,  forming  magnificent  blue  solutions ;  from 
metallic  solutions  it  precipitates  purple  or  blue  lakes,  the 
composition  of  which  renders  it  probable  that  the  equiva« 
lent  of  phloridsein  is  C^nU^O^tfi  +  2Aq.  then  the 

Phloridzeinate  of  ammonia  =  C43HS8N2O96  +  NH3 
Phloridzeinate  of  silver        =  C42H28N3O96  +  2AgO 
Phloridzeinate  of  lead  =  C42Ha8N20a6  +  2PbO. 

If  the  blue  solution  of  phloridzeinate  of  ammonia  be  put  in 
contact  with  a  slip  of  zinc,  protochloride  of  tin,  sulphuretted 
hydrogen,  or  any  other  deoxidizing  agent,  it  is  deprived  of 
colour;  but  by  exposure  to  the  air,  it  rapidly  reassumes  its 
tint ;  with  chlorine  the  colour  is  instantly  and  permanently 
destroyed. 

Asparagine. — Aspariic  Acid, 

Asparagine  is  found  in  the  young  shoots  of  asparagus 
and  of  potatoes,  in  the  roots  of  liquorice,  and  marsh-mal- 
low. From  the  latter  it  is  easily  prepared.  The  decorti- 
cated roots  are  to  be  digested  in  cold  water  for  forty-eight 
hours,  and  the  liquor  then  strained  and  evaporated  to  the 
consistence  of  a  sirup.  By  standing  for  some  time  the  aspa- 
ragine gradually  crytaUizes,  and  the  crystals  are  to  be  puri- 
fied in  the  ordinary  manner  by  animal  charcoal.  It  forms 
rectangular  octohedrons,  and  prisms;  it  is  colourless  and 
tasteless ;  it  requires  about  sixty  parts  of  cold,  but  much  less 
of  hot  water  for  solution ;  it  is  insoluble  in  alcohol ;  it  con^ 
tains  nitrogen,  its  formula  being  NC4H4O3-I-  Aq. ;  the  water 
goes  away  by  a  heat  of  230^. 

When  asparagine  is  boiled  with  a  strong  solution  of  bary* 
tes,  ammonia  is  expelled,  and  aspartate  of  barytes  formed ; 
by  cautiously  adding  sulphuric  acid  the  barytes  may  be  pre* 
cipitated,  and  the  liquor  yields,  on  evaporation  and  cooling, 
crystallized  aspartic  acid.  In  this  reaction  2(NC4H403) 
produces  NH3  and  NCgHdOe,  which  is  the  formula  of  aspar- 
tic  acid.     This  substance  is  tasteless,  sparingly  soluble  in 
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coldi  but  abundantly  in  boiling  water,  and  being  deposited 
as  a  white  crystalline  powder  as  the  solution  cools ;  it  red- 
dens litmus.  Its  salts  are  generally  solublej  except  those  of 
lead,  silver,  and  black  oxide  of  mercury. 

It  is  not  easy  to  decide  whether  the  ammonia  exists 
ready-formed  or  not  in  the  asparagine ;  if  so,  the  remaining 
organic  element  may  be  aconidc  acid  (see  p.  1003)  and  then 
there  should  be, 

Afpangine = anhydroos  aconiute  of  ammoiiia  :=  C^HO,  -|-  NHs* 
Aqwrtk  add = anhydrous  binaconitatc  of  aminonia  =  2(C«H0,)+  NH^ 

In  the  case  of  the  anhydrous  compounds  of  ammonia  with  the 
mmeral  acids,  it  is  retained  with  the  same  obstinacy  as  in 
asparagine  (see  p.  841). 

Caffem  or  Thein.—Cqffeic  Add. 

This  has  been  found  only  in  the  coffee-berry,  the  tea- 
leaf,  and  the  paulinia  sorbalis  (guarana).  To  prepare  it,  raw 
cofiee  is  to  be  boiled  in  water,  and  the  decoction  treated 
with  subacetate  of  lead  as  long  as  the  precipitate  which 
forms  is  coloured.  The  caffein  crystallizes  from  the  filtered 
liquor,  by  evaporation  and  cooling ;  if  it  be  coloured,  it  is  to 
be  boiled  with  oxide  of  lead  and  ivory-black,  and  i^in 
crystallized ;  when  pure,  it  forms  brilliant  long  needles  of  a 
rich  satiny  lustre ;  its  taste  is  purely  bitter ;  it  dissolves  in 
fifty  parts  of  cold,  but  in  much  less  of  boiling  water  ;  it  is 
very  soluble  in  proof  spirit,  but  insoluble  in  absolute  alcohol; 
its  solutions  react  neither  acid  nor  alkaline ;  it  is  not  pre- 
cipitated by  any  metallic  salt.  Caffein  is  remarkable  for  the 
large  quantity  of  nitrogen  it  contains  (29  per  cent.),  being 
more  than  any  other  vegetable  substance ;  its  formula  is 
NaCsHsOa  +  Aq.  When  caffein  is  boiled  with  solution  of 
barytes,  cyanuric  acid,  ammonia,  formic,  and  carbonic  adds 
are  produced. 

The  coloured  precipitate  produced  in  the  decoction  of 
raw  coffee  by  basic  acetate  of  lead,  contains  two  peculiar 
substances,  which  may  be  extracted  from  it  by  treatment 
with  a  stream  of  sulphuretted  hydrogen  gas,  evaporation  to 
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the  consistence  of  a  sirup,  and  digestion  of  the  residue  in 
strong  alcohol.  That  which  dissolves  is  caffe-ianmc  acid;  it 
is  dark  brown ;  tastes  acid  and  astringent ;  colours  the  per- 
salts  of  iron  emerald  green  ;  it  precipitates  the  salts  of  ba- 
rytes  and  lime  yellow,  of  copper  green,  but  does  not  affect 
tartar  emetic.  The  substance  insoluble  in  alcohol  is  a  white 
powder,  which,  when  heated,  evolves  the  characteristic  aro- 
matic smell  of  roasted  coffee ;  its  solution  in  water  reddens 
litmus ;  it  is  termed  caffeic  acid. 

These  bodies  have  not  been  accurately  examined.  It  is 
not  known  if  the  tannic  acid  of  tea  and  coffee  be  the  same. 

Piperin. — ^NC34Hi90o. 

This  substance  exists  in  white,  black,  and  long  pepper ; 
it  is  prepared  from  white  pepper  by  digestion  in  spirit  of 
wine,  and  distilling  the  liquor  to  the  consistence  of  an  ex- 
tract, from  which,  by  digestion  in  a  solution  of  caustic  potash, 
a  quantity  of  resin  is  to  be  removed ;  the  residue  is  then  to 
be  dissolved  in  alcohol,  and  the  solution  abandoned  to  spon- 
taneous evaporation,  when  the  piperin  gradually  crystallizes 
in  transparent  rhombic  prisms.  It  melts  at  SI 2^,  is  taste- 
less, and  inodorous  ;  destitute  of  either  acid  or  basic  pro- 
perties ;  nitric  acid  colours  it  red  ;  when  heated  strongly,  it 
yields  ammoniacal  products. 

Cantharidin. — C10H6O4.  This  substance  is  extracted 
from  the  blistering  fly  (various  species  of  cantharis  and  lytta) 
by  digesting  a  watery  extract  of  the  flies  in  alcohol,  evapo- 
rating the  solution  to  dryness,  and  treating  the  residue  with 
ether,  which  dissolves  out  the  cantharidin.  By  spontaneous 
evaporation,,  it  is  obtained  crystallized  ;  it  forms  colourless, 
pearly  scales,  which  fuse  when  gently  heated,  and  sublime 
unaltered  at  a  higher  temperature  ;  it  is,  when  pure,  in-* 
soluble  in  water  and  in  cold  alcohol ;  it  is  perfectly  neutral, 
and  has  no  affinity  either  to  acids  or  bases. 

Anemonine — Anemonic  Acid. 

This  substance  exists  in  various  species  of  anemone ;  it 
is  extracted  by  distilling  the  plant  with  water  ;  it  separates. 
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after  some  time,  from  the  digtilled  water,  in  brilliant  white 
needles ;  it  melts  and  volatilises  at  a  high  temperature,  yet 
not  without  partial  decomposition ;  its  formola  is  C«H304 ; 
when  it  is  dissolved  in  strong  moriatic  acid,  and  the  liquor 
evaporated  to  dryness,  anefmome  acid  is  formed ;  its  formula 
is  C6H4O5  +  Aq.    It  is  not  important. 

Cetrarine  or  Uehen  Bitter. 

This  substance  is  found  in  Iceland  moss  ;  to  extract  it, 
the  lichen,  being  well  crushed,  is  to  be  digested  in  alcohol 
as  long  as  this  acquires  a  bitter  taste  ;  the  liquor  may  then 
be  distilled  in  great  part  off,  and  the  cetrarine  is  deposited, 
on  cooling,  in  granular  crystals ;  these  are  to  be,  while  still 
moist,  washed  with  ether  and  cold  alcohol,  by  which  they 
are  rendered  white,  and  then  being  dissolved  in  200  times 
their  weight  of  boiling  alcohol,  the  pure  cetrarin  separates  on 
cooling,  as  a  white  powder  of  a  slightly  crystalline  aspect. 
It  is  but  sparingly  soluble  in  any  menstruum ;  its  only  re* 
markable  character  is,  that  by  digestion  with  muriatic  add 
it  forms  a  deep  blue  mass,  but  the  nature  of  the  reaction  is 
not  known,  as  the  constitution  of  these  bodies  has  not  been 
accurately  investigated. 

Picratoxine  or  CoeeuKn. 

This  substance  exists  in  the  seeds  of  the  menispermum 
cocculus  (cocculus  Indicus)  constituting  their  active  ingre- 
dient ;  to  prepare  it,  the  seeds,  freed  from  the  capsules,  are 
to  be  digested  in  alcohol,  and  the  solution  evaporated  to  an 
extract ;  this  is  to  be  then  treated  with  water  as  long  as  any 
thing  is  dissolved  ;  and  then  some  muriatic  acid  added  to 
the  liquor ;  by  cooling,  the  cocculin  crystallises  in  brilliant 
white  needles.  Its  reaction  is  neutral ;  its  taste  intensely  bit- 
ter;  it  dissolves  moderately  in  boiling,  but  sparingly  in  cold 
water.  The  portion  of  the  alcoholic  extract  which  does  not 
dissolve  in  water  contains  another  substance,  picrotoxic  acid, 
which  is  brown,  and  possesses  the  properties  of  a  resin ;  it 
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dissolves  in  alkaline  liquors^  from  which  acids  throw  it  down 
unchanged.  The  formula  C]oH604  has  been  assigned  to 
picrotoxine,  and  that  of  CnH604  to  picrotoxic  acid. 

Columbin.  —  Found  in  the  roots  of  the  menispermum 
palmatum.  The  coarsely-powdered  columbo  roots  are  to  be 
digested  in  ether,  and  by  the  spontaneous  evaporation  the 
columbin  crystallizes  ;  or  by  digesting  the  roots  in  alcohol, 
and  decolorizing  the  liquors  by  animal  charcoal,  it  may  also 
be  prepared;'  it  forms  brilliant  right  rhombic  prisms;  its 
taste  is  intensely  bitter;  its  reaction  neutral;  it  dissolres 
but  sparingly  in  water,  alcohol,  or  ether ;  its  solution  does 
not  precipitate  any  metallic  salt ;  its  formula  appears  to  be 

Cusparin. — This  is  the  active  principle  of  the  true  an- 
gustura  (cusparia  febrifuga).  The  bark  is  to  be  extracted 
by  alcohol,  and  the  solution  concentrated  very  much  by 
spontaneous  evaporation  ;  on  cooling  then  below  S2^,  gra- 
nular crystalline  masses  of  cusparine  separate,  from  which 
the  liquor  is  to  be  strained  ;  by  redissolving  in  alcohol,  and 
precipitation  of  the  colouring  matter  by  acetate  of  lead,  it  is 
ultimately  obtained  pure.  When  crystallized  from  a  solu- 
tion, some  degrees  below  32^,  cusparine  form  colourless  but 
irregular  needles ;  by  a  very  gentle  heat  it  melts  and  gives  off 
twenty- thi^e  per  cent,  of  water  of  crystallization ;  it  dissolves 
readily  in  water  and  alcohol,  but  is  insoluble  in  ether ;  by 
heat  it  is  totally  decomposed  ;  its  solutions  precipitate  most 
metallic  salts.    Its  composition  is  not  known. 

Elaterin  is  the  active  material  of  the  expressed  juice  of 
the  momordica  elaterium;  the  juice  being  evaporated  to  the 
consistence  of  an  extract,  is  to  be  digested  in  strong  alcohol ; 
the  solution  thus  formed  is  to  be  distilled  to  a  small  bulk, 
and  then  on  being  mixed  with  water,  it  deposits  the  elaterin 
as  a  white  crystalline  powder.  It  melts  at  about  3S0^,  but  is 
totally  decomposed  by  a  stronger  heat ;  its  taste  is  intensely 
bitter ;  it  is  almost  insoluble  in  water,  but  abundantly  in  al- 
cohol ;  it  possesses  no  characteristic  chemical  property. 

Meconine, — This  substance  exists  mixed  with  the  more 
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important  ingredients  in  opium ;  it  is  most  abundant  in  the 
inferior  kinds ;  its  preparation  is  rerj  circnitous,  and  wiU  be 
described  in  the  general  analysis  of  opium,  under  the  head  of 
narceine.  Meconine  crystallizes  in  white  six-sided  prisms ; 
it  melts  at  194^,  and  may  be  sublimed  unaltered ;  it  dissolves 
sparingly  in  cold,  but  moderately  in  boiling  water,  abun- 
dantly in  alcohol  and  ether ;  its  formula  appears  to  be 
CsftHgOT  -f  Aq.  By  nitric  acid  it  is  dissolved,  and  a  sub- 
stance crystallizes  from  the  liquor  in  long  needles,  which  is 
termed  nitramecame  add;  ite  formula  is  NCsoHgOu ;  its 
solution  in  water  reddens  litmus ;  it  volatilizes  at  370^,  but 
is  partly  decomposed.  By  contact  with  chlorine,  meconine  is 
coloured  red,  and  substances  formed  whose  constitution  is 
not  well  known. 

Peudecanine. — This  substance  is  found  in  the  roots  of 
the  peudecanum  officinale,  and  is  extracted  by  digestion  with 
alcohol  and  evaporation ;  it  crystallizes  in  delicate  white 
needles,  of  a  slightly  aromatic  taste ;  it  fuses  at  140^ ;  it  is 
insoluble  in  water,  and  but  sparingly  in  cold  alcohol ;  it  dis- 
solves copiously  in  boiling  alcohol,  in  ether,  and  the  oils. 

jEseuliHf  or  Polychrome. 

A  great  number  of  vegetables  give,  when  treated  with  hot 
water,  a  solution  which  appears  yellow  by  transmitted,  but 
violet  or  blue  by  reflected  light.  This  phenomenon  results 
from  the  presence  of  a  body  hence  called  polychrome^  or  also 
(Bsctdine^  being  most  abundant  in  the  bark  of  the  horse 
chesnut  The  bark  is  to  be  digested  in  alcohol,  and  the 
liquor  to  be  concentrated  by  distillation  to  the  consbtence 
of  a  simp,  in  which,  when  set  aside  for  some  weeks,  the 
aesculine  crystallizes ;  by  washing  with  ice-cold  water  it  is 
freed  from  the  liquid  extractive  matter ;  the  impure  crystals 
are  to  be  dissolved  in  a  boiling  mixture  of  five  parts  alcohol 
with  one  of  ether,  from  which,  by  cooling,  the  pure  substance 
separates,  perfectly  colourless,  and  generally  as  a  light 
powder,  like  magnesia  alba.  It  tastes  bitter ;  it  dissolves  in 
672  parts  of  water  at  50^  and  in  thirteen  parts  at  212^  ;  its 
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cold  watery  solution  is  perfectly  colourless  by  transmitted, 
but  slightly  blue  by  reflected  light;  if  spring  water  be  used 
the  blue  becomes  much  stronger ;  acids  destroy  this  pro- 
perty, but  it  is  restored  to  the  solution  by  the  addition  of  a 
few  drops  of  any  alkali. 

The  watery  solution  of  sBsculin  reddens  litmus,  yet  it 
does  not  neutralize  the  alkalies,  nor  precipitate,  any  of  the 
ordinary  metallic  salts ;  it  dissolves  abundantly  in  alkaline 
Uquors,  and  the  solutions  give  a  magnificent  play  of  colours 
with  reflected  light;  its  formula  is  CieHgOio. 

PopuUn  exists  in  the  bark  and  leaves  of  different  spe- 
cies of  populus,  along  with  salicine;  the  latter  is  removed 
from  the  liquors  by  precipitation  with  acetate  of  lead,  and 
then  by  evaporation  the  populin  is  obtained  crystallized ;  its 
taste  is  bitter-sweet,  like  liquorice';  it  is  very  sparingly  so- 
luble in  water;  when  heated  it  fuses,  and  is  then  decom- 
posed ;  like  salicine,  it  gives  with  nitric  acid,  picric  acid, 
and  with  sulphuric  acid  rutilin ;  its  composition  is  not  known. 

Quassine  constitutes  the  bitter  principle  of  the  quassia 
araara  and  excelsa.  The  rasped  wood  is  to  be  boiled  several 
times  with  water,  and  the  filtered  decoction  evaporated  down 
to  three-fourths  the  weight  of  the  wood  employed.  The  liquid, 
when  cold,  is  to  be  mixed  with  slaked  lime,  and  after  twenty- 
four  hours,  filtered  and  evaporated  nearly  to  dryness ;  the 
residue  is  to  be  treated  with  alcohol,  and  the  sdhition  dis- 
tilled in  a  water  bath  to  dryness ;  it  is  then  impure  quassine ; 
it  is  to  be  washed  with  ether,  and  then  redissolved  in  alco- 
hol, and  this  treatment  repeated  until  it  becomes  completely 
white. 

Quassine  forms  small  white  prisms  of  an  intense  but 
purely  bitter  taste ;  but  sparingly  soluble  in  water  or  in  ether, 
it  dissolves  abundantly  in  alcohol ;  when  heated  it  fuses  like 
a  resin  ;  its  solution  is  not  precipitated  by  any  metallic  salt, 
but  abundantly  by  tannic  acid  ;  its  formula  is  CaoHiaOe. 

SafUonin. — This  substance  exists  in  the  flowering  tops* 
and  seeds  of  a  number  of  species  of  artemisia,  from  one  of 
which  (art.  santonica)  it  derives  its  name.     To  prepare  it, 
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four  parU  of  the  seeds  are  to  be  mixed  with  one  and  a-half  of 
dry  lime  and  boiled  in  twenty  parts  of  akohoU  three  times ; 
the  united  decoctions  are  to  be  distilled  to  fifteen  parts;  the 
residuei  when  cold,  is  to  be  filtered,  evaporated  to  one-half, 
and,  having  been  rendered  slightly  acid  by  vinegar,  boiled  for 
some  time ;  on  cooling,  the  santonine  crystallises  in  large 
feathery  crystals,  which  are  to  be  purified  from  an  adhering 
resinous  substance  by  washing  with  alcohoL  Being  then  re- 
diasolvedy  and  the  solution  slowly  cooled,  the  santonine  crys- 
tallizes in  colourless  rectangular  prisms  and  plates;  it  is 
tasteless  ;  it  is  very  sparingly  soluble  in  water;  more  so  in 
alcohol  and  ether ;  at  338^  it  melts ;  and  by  a  carefiilly  ap- 
plied heat  may  be  subUmed  without  decomposition,  other- 
wise it  becomes  brown,  and  a  yellow  crystalline  substance  is 
formed.  Santonin  appears  to  possess  feeble  acid  properties ; 
it  produces  with  the  alkalies  soluble,  and  with  the  earths 
and  ordinary  metallic  oxides  insoluble  compounds,  but  they 
are  of  instable  constitution.    The  formula  of  santonine  is 

Cl«H602. 

By  exposure  to  light,  santonine  undergoes  a  change  ap- 
parently isomeric ;  it  becomes  gold-coloured,  and  forms  yel- 
low solutions,  which,  however,  soon  become  colourless. 

Saponin. — This  substance  is  most  easily  extracted  from 
the  roots  of  the  saponaria  officinalis,  by  boiling  in  weak  spirit; 
on  cooling,  the  saponine  separates ;  it  is  purified  by  digestion 
with  animal  charcoal ;  it  is  a  white  powder,  of  a  sharp  piquant 
taste;  very  soluble  in  water,  it  is  sparingly  soluUe  in  alcohol 
and  insoluble  in  ether ;  its  formula  appears  to  be  CkHs^Ok. 
By  the  action  of  nitric  acid,  saponine  forms  mucic  acid,  and 
a  resinous  substance ;  when  dissolved  in  solution  of  caustic 
potash,  it  forms  sapommc  acid,  which  is  precipitated  as  a 
white  powder  on  adding  a  stronger  acid  to  the  liquor.  The 
formula  of  saponinic  acid  is  C96H2sOi2.  It  b  insoluble  in 
cold,  but  soluble  in  boiling  water. 

ScilUiin  is  the  active  principle  of  the  squill  (sciUa  niari- 
tima).  The  fresh  juice  is  evaporated,  and  the  extract  treat- 
ed with  alcohol.  The  spirituous  solution  is  to  be  dried  down. 
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and  the  residue  being  dissolved  in  water,  is  to  be  precipi- 
tated with  acetate  of  lead  and  filtered  ;  sulphuretted  hydro- 
gen being  passed  through  the  clear  liquor  removes  the 
excess  of  lead,  and  then,  by  filtration  and  evaporation,  the 
scillitin  may  be  crystallized. 

It  forms  a  hard,  brittle  mass,  like  resin,  of  an  intensely 
bitter  taste;  it  deliquesces  and  dissolves  readily  in  alcohol 
and  water,  but  not  in  ether. 

Senegin, — This  substance  is  extracted  from  the  roots  of 
polygala  senega,  by  boiling  with  water,  precipitating  the 
concentrated  decoction  with  the  acetate  of  lead,  filtering  and 
removing  the  excess  of  lead  from  the  solution  by  sulphu* 
retted  hydrogen,  and  evaporating  cautiously  to  dryness ;  the 
residue  is  to  be  digested  in  alcohol,  and  this  solution  being 
dried  down,  the  product  ie  to  be  digested  in  ether,  llie 
material,  which  remains  undissolved,  is  then  to  be  passed 
through  the  aame  series  of  operations  until  it  becomes  a 
white  pulverulent  mass,  which  is  pure  senegin.  It  is  spa- 
ringly soluble  in  cold,  but  abundantly  in  boiling  water ;  it  is 
very  soluble  in  alcohol,  but  insoluble  in  ether.  With  sul- 
phuric acid  it  produces  a  curious  play  of  colours,  becoming, 
first  yellow,  after  some  time  rose-red,  and  then  dissolving ; 
the  solution  gradually  becomes  violet,  and  after  some  time 
greyish-blue,  and  finally  colourless,  whilst  a  grey  precipitate 
falls  down.  Senegin  appears  to  possess  feeble  acid  proper- 
ties. 

SmUacine,  or  SarsaparilUne, — ^This  substance  is  found  in 
the  roots  of  smilax  sarsaparilla  and  the  bark  of  China  nova. 
It  is  obtained  by  boiling  with  alcohol  and  distilling  the  de- 
coction to  two-thirds;  on  cooling,  the  smilacine  crystallizes 
and  is  purified  by  animal  charcoal  and  recrystallization.  It 
is  white,  in  very  minute  needles;  its  taste  nauseous  and 
slightly  bitter;  very  sparingly  soluble  in  water,  more  so  in 
alcohol,  most  in  ether ;  with  sulphuric  acid  it  gives  colours 
like  those  of  senegin. 

Absmtk&n. — The  bitter  principle  of  the  worm-wood, 
(artemisia  absinthium).     It  is  prepared  by  a  succession  of 
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operations  almost  identical  with  those  described  for  obtain- 
ing senegin ;  it  is  hence  unnecessary  to  repeat  their  de- 
scription. When  completely  purci  it  is  white  and  crystal- 
line ;  its  taste  is  intensely  bitter ;  it  fuses  at  a  high  tem- 
perature»  and  closely  resembles  a  resin ;  its  best  solvent 
is  alcohol.  It  possesses  the  characters  of  a  weak  acid,  being 
much  more  soluble  in  alkaline  liquors  than  in  pure  water, 
and  being  precipitated  from  such  solutions  on  the  addition  of 
an  acid.  With  oil  of  vitriol,  it  is  coloured  first  yellow,  and 
then  dark  reddish  purple. 

Laeiucine  is  obtained  by  digesting  the  inspissated  juice  of 
the  kctuca  virosa  (lactucarium)  in  ether;  by  the  spontaneous 
evaporation  of  the  solution,  it  forms  a  mass  of  crystalline 
needles,  slightly  coloured  yellow ;  it  has  a  strong  bitter  taste, 
is  fusible  and  may  be  partly  volatilized  ;  it  is  soluble  in  water, 
alcohol,  and  ether.  It  is  decomposed  by  strong  acids,  and 
appears  not  to  have  any  tendency  to  form  salts. 

Of  Extractive  Matter — Apotheme — Extracts. 

If  from  any  plant,  or  portion  of  a  plant,  the  soluble  in- 
gredients be  dissolved  out  by  water,  a  variety  of  substances 
exist  in  the  liquor,  some  acid,  others  basic,  others  indiffe- 
rent ;  of  these  bodies,  the  majority  possess  the  property 
of  absorbing  oxygen,  when  the  solution  is  exposed  to  the  air, 
and  often,  also,  of  evolving  carbonic  acid,  changing  thereby 
into  substances  insoluble,  or  scarcely  soluble  in  water.  Thus 
gallo-tannic  acid  first  forms  gallic  acid,  and  is  then  converted 
into  a  brown  insoluble  mass ;  so  gum  and  sugar  ultimately 
produce  certain  forms  of  ulmine,  and  there  are  few  of  the 
neutral  principles  described  in  the  present  chapter  that  do 
not  rapidly  undergo  a  similar  change. 

During  the  evaporation  of  a  vegetable  infusion,  or  decoc- 
tion, these  reactions  rapidly  occur,  being  promoted  by  the 
heat;  the  liquor  which  had  been  at  first  clear,  becomes 
turbid  and  brown  ;  a  deposit  forms,  and  when  finally  it  has 
been  evaporated  to  the  consistence  of  a  thick  sirup,  what  re- 
mains is  termed  an  extract,'  it  is  a  mixture  of  the  constituents 
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of  the  plant  in  great  part  decomposed.  If  this  extract  be 
treated  with  water^  and  the  soluble  portion  again  evaporated, 
the  same  changes  occur,  so  that  no  matter  what  may  have 
been  the  original  nature  of  the  vegetable  substances,  they  are 
ultimately  reduced  to  this  insoluble  and  inert  condition.  This 
brown  substance  is  termed  apotheme  ;  its  true  nature  is  not 
known,  but  it  is  probable  that  its  composition  and  properties 
vary  in  some  degree  with  the  nature  of  the  substance  it  is 
formed  from ;  we  do  not  even  know  of  its  relations  to  the 
various  kinds  of  ulmine ;  though  from  its  solubility  in  alka- 
line liquors,  and  its  precipitating  metallic  salts,  its  being  se- 
parated from  these  by  acids,  and  obstinately  retaining  a 
portion  of  the  acid  used  to  'precipitate  it,  its  identity  with 
ulmic  acid,  or  humic  acid,  is  not  improbable. 

When  the  conversion  of  the  real  constituents  of  the  plant 
into  apotheme  is  yet  incomplete,  the  material  which  dissolves 
equally  in  water  and  dilute  alcohol,  but  not  in  absolute  al- 
cohol or  in  ether,  is  termed  extractive.   Such  a  mixture  can 
have  no  distinctive  chemical  properties ;  it  is  more  or  less 
coloured,  and  uncrystallizable ;  it  precipitates  metallic  salts ; 
it  absorbs  oxygen,  forming  apotheme  (oxidized  extractive). 
The  different  classes  of  plants  are  considered  by  pharma- 
ceutic writers  to  contain  different  kinds  of  extractive  mat- 
ter ;    there  are  thus  bitter  extractive,  gummy  extractive, 
astringent  extractive,  and  so  on ;  but,  to  the  chemist,  these 
names  convey  only  the  idea  of  absolute  ignorance  of  the  real 
nature  of  these  bodies;  the  chemist  recognizes  no  such  sub- 
stance as  extractive  matter,  or  apotheme  ;  they  are  merely 
complex  products  of  decomposition  of  other  bodies,  and 
have  not  as  yet  been   accurately  examined.      In  the  pre- 
paration of  an  extract   of  a  plant,    the   ambition   of  the 
operator  should  be,  not  to  have  either  extractive  or  apo- 
theme produced,  but,  by  employing^xhe  lowest  possible  tem- 
perature, and  excluding  air  as  much  as  possible,  to  obtain 
the  constituents  of  the  plant  in  a  concentrated  form,  but  not 
destroyed,  as  they  too  frequently  are,  by  the  operation : 
accordingly,  in  the  manufacturing  laboratory  of  the  Apothe- 
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caries'  Hall  of  Ireland,  the  greatest  precautions  arc  taken 
to  ensure  success  in  the  preparation  of  extracts,  but  details 
of  the  methods  belong  to  pure  pharmacy,  and  are  unfitted 
for  the  present  work. 

A  great  number  of  bodies,  that  have  been  from  time  to 
time  announced  as  the  active  principles  of  many  plants  con- 
taining them,  are  really  but  such  extracts,  properly  prepared, 
but  still  not  the  pure  chemical  substances.  Thus,  from  co- 
locynth,  cohcynihine  ;  from  hipjM),  emetine  ;  from  rhubarb, 
rAefn,  &c.  It  is  on  this  account  that  many  bodies,  to  which 
distinct  names  have  been  given  by  their  discoverers,  as  che- 
mical species,  are  not  noticed  as  such  by  me. 

The  biiter]  Principle  of  the  Aloes  is  one  of  these  which 
have  never  been  obtained  chemically  pure  ;  and  yet,  the  very 
remarkable  products  of  the  action  of  nitric  acid  on  it,  show, 
that  it  is  a  truly  distinct  substance.  When  socotorine  or 
hepatic  aloes  is  digested  with  hot  nitric- acid,  red  fiimes  are 
abundantly  evolved,  and  four  difierent  acids  produced,  for 
the  accurate  examination  of  which  we  are  indebted  to 
Schunk.  They  are,  the  atoeiic  acid,  the  aloe-resimc  acidj 
the  chrt/sammic  acid^  and  the  chrysdepic  add,  and  they  are 
generated,  by  successive  oxidation  of  the  bitter  principle  of 
the  aloes,  in  the  order  in  which  their  names  stand. 

The  aloeiic  Acid  is  a  yellow  powder,  insoluble  in  water, 
but  forming  soluble  salts,  of  which  that  with  potash  crys- 
talNzes  in  ruby-red  needles.  The  aloeresimcacidis  soluble 
in  water;  its  potash-salt  uncrystallizable ;  its  combinations 
with  the  metallic  oxides  insoluble,  and  generally  brownish* 
red.     The  analyses  of  these  bodies  are  not  yet  published. 

The  chrysammie  Acid  is  a  greenish-yellow  crystalline 
powder ;  it  is  very  sparingly  soluble  in  water,  yet  tinges  it 
purplish-red ;  it  is  more  soluble  in  alcohol,  ether,  and  acids ; 
when  heated  it  fuses,  and  is  then  decomposed  with  a  slight 
explosion  and  a  bright  but  smoky  flame ;  it  contains  nitro- 
gen ;  its  formula  is  C15H3N3O12  +  Aq.  The  chrysamniate 
of  barytes  is  a  red  insoluble  powder.  The  chrysammate 
of  potash  is  the  most  insoluble  of  all  the  salts  of  potash,  re« 
quiring  1^50  parts  of  water,  at  60^,  for  solution,  and  may 
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hence  serve  as  an  excellent  reagent  for  that  alkali ;  it  k  a 
dark  red  crystalline  powder  when  precipitated,  but  when  it 
crystallizes  from  a  hot  dilute  solution,  it  forms  gold-coloured 
plates. 

The  chrysolepic  Acid  is  distinguished  by  its  solubility  in 
water ;  it  crystallizes  in  beautiful  gold-coloured  plates  closely 
resembling  picric  acid,  with  which  it  is  isomeric ;  its  formula 
being  CisHaKaOia  -f-  Aq.  It  is  distinguished,  however,  by 
the  much  greater  solubility  of  its  potash-salt,  and  by  the 
action  of  heat,  as  it  may  be  fused  and  volatilized  without  de- 
composition, if  cautiously  heated* 


CHAPTER  XXVI. 

OP  THE  COLOURING  MATTERS. 

The  substances  to  be  now  described  may  be  arranged  in  two 
classes,  according  as  they  pre-exist  in  the  plant,  or  as  they 
are  merely  products  of  the  decomposition  of  other  bodies 
which  are  not  coloured  ;  of  these  last  an  example  has  already 
been  given  in  the  formation  of  phloridzein  from  phloridzin. 

SECTION  I. 

OF  THE  PRE-EXISTING  COLOURING  MATTERS. 
Colouring  Principks  of  Madder. 

The  dried  roots  of  the  rubia  tmctorum  constitute  the 
madder  of  commerce,  which,  furnishing  the  well  known 
Turkey  red,  is  perhaps  the  most  important  of  the  dye-stuffs. 
The  constitution  of  madder  is  very  complex  ;  it  contains  five 
different  coburing  matters,  and  two  colourless  acids,  the 
general  preparation  and  properties  of  which  are  as  follows. 

Madder  Purple,  or  Purpurine. — Madder  roots  are  to  be 
well  washed  with  water  at  80°,  then  boiled  several  times  in  a 
strong  solution  of  alum,  and  each  liquor  fihered  whilst  very 
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hot.  On  cooling  a  red-brown  substance  precipitates^  which 
is  impure  madder  red;  it  is  to  be  separated  by  the  filter. 
On  adding  to  the  clear  red  solution  some  sulphuric  acid,  the 
madder-purple  is  thrown  down.  To  obtain  it  quite  pure,  it 
is  to  be  dissolved  in  boiling  alcohol,  and  the  solution  allowed 
to  evaporate  slowly.  It  separates  as  a  fine  orange-red  crys- 
talline powder ;  sparingly  soluble  in  cold,  but  more  easily  in 
boiling  water.  The  solution  is  rose-red ;  its  solutions  in  ether 
and  alcdiol  are  bright  red.  Acids  turn  it  yellow  ;  alkalies 
dissolve  it  with  a  rich  red  colour.  It  is  fusible,  and  when 
more  strongly  heated  a  portion  sublimes  as  a  red  powder, 
but  the  greater  part  is  decomposed. 

Madder  Red,  or  Alimarine,  as  precipitated  in  the  prepara- 
tion of  purpurine,  is  to  be  purified  by  repeated  boiling  with 
solution  of  alum,  and  then  crystallized  by  solution  in  ether 
and  spontaneous  evaporation.  It  is  a  brownish-yellow  crys- 
talline powder.  When  heated  it  sublimes,  forming  brilliant 
orange  needles  j  it  is  sparingly  soluble  in  water,  more  so  in 
alcohol  and  ether.  Ammonia  dissolves  it  with  a  purple-red, 
and  potash  or  Ume  with  a  violet  colour.  The  formula, 
CarHiaOio  has  been  assigned  to  this  body. 

Madder  Orange. — ^The  roots  are  to  be  digested  for  six- 
teen hours  in  eight  parts  of  water  at  70° ;  the  infusion  is  to 
be  filtered  and  set  aside;  small  orange  crystals  gradually 
form;  these  are  to  be  collected  and  dissolved  in  boiling 
alcohol.  On  cooling,  the  madder  orange  crystallizes  as  a 
yellow  powder.  When  heated  it  fuses  and  is  decomposed  in 
great  part,  some  of  it  subliming  in  yellow  fumes ;  it  is  most 
easily  soluble  in  ether ;  it  dissolves  in  alkaline  forming  brown 
red  liquors. 

Madder  Yellow  or  XarUhin. — The  cold  infusion  of  madder 
is  to  be  mixed  with  an  equal  volume  of  lime  water.  The  dark 
red  precipitate  is  to  be  treated  with  dilute  acetic  acid ;  the 
lime  and  the  yellow  dissolve ;  any  traces  of  the  other  colour- 
ing matters  are  removed  from  the  liquor  by  a  woollen  cloth 
mordanted  with  alum.  The  solution  is  to  be  then  evaporated ; 
the  residue  dissolved  in  alcohol  and  precipitated  by  sugar 
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of  lead  ;  the  scarlet  precipitate  separated  and  decomposed 
by  sulphuretted  hydrogen.  The  liquor  so  obtained  gives,  on 
evaporation,  the  xanthine  pure ;  it  is  yellow,  uncrystalliz* 
able,  and  very  soluble  in  alcohol  and  water. 

Madder  Brown  is  totally  insoluble  both  in  alcohol  and 
water.  The  acids  which  exist  in  madder  are  but  very  little 
known,  and  do  not  possess  any  interest  either  technical  or 
scientific. 

Of  these  colouring  matters,  the  red^  or  alizarine^  is  the 
most  important,  as  it  forms  with  an  alumina  mordant  the 
magnificent  Turkey  red.  With  an  iron  mordant,  it  gives  a 
permanent  black,  and  with  mixed  mordants  of  the  two,  va« 
rious  intermediate  shades  of  purple.  The  great  complexity 
of  the  process  for  dyeingTurkey  red  arises  from  the  difficulty 
of  dissolving  away  the  other  four  bodies,  so  that  only  pure 
madder  red  may  remain. 

Alkanna-red,  or  AnchuHc  Acid. 

This  substance  exists  in  the  roots  of  the  anchusa  tinc- 
toria.  They  are  to  be  well  boiled  in  water,  and  then  di- 
gested in  a  solution  of  carbonate  of  potash  ;  on  the  addition 
of  an  acid  to  this  liquor  the  colouring  matter  precipitates ; 
it  may  also  be  obtained  by  digesting  the  roots  in  alcohol  and 
evaporating ;  it  is  a  dark  red  resinoulb  body,  insoluble  in 
water,  soluble  in  alcohol,  ether,  and  essential  oils ;  it  com* 
bines  with  alkalies,  forming  blue  solutions,  which  give  blue 
or  crimson  lakes  with  metallic  salts.  The  formula  C17H10O4 
has  been  assigned  to  this  body. 

Brazilim  is  the  colouring  matter  of  various  species  of 
ceesalpina  (Brazil  wood,  fernambouc  wood).  The  decoction 
of  the  wood  in  water  is  to  be  agitated  with  hydratcd  oxide 
of  lead,  then  filtered  and  evaporated  to  dryness.  The  re- 
sidue is  to  be  treated  with  alcohol,  the  solution  mixed  with 
water  and  gelatine,  which  throws  down  a  quantity  of  tannic 
acid ;  then  filtered,  again  dried,  mixed  with  alcohol  and  fil- 
tered to  separate  the  excess  of  gelatine,  then  again  evapo- 
rated, and  set  aside  to  crystallize. 


1038         SANTALINE— CABTHAMINE. 

When  pure,  braziliin  forms  orange  crystals ;  it  is  soluble 
io  water*  alcobol,  and  ether ;  the  solutions  are  rcddish-ycl- 
low ;  alkalies  and  most  metallic  salts  give  purple,  and  alum 
a  red  precipitate,  with  the  solution  of  braziliin. 

SaniaUne  exists  in  the  red  sanders  wood  (pterocarpus 
santalinus).  Its  extraction  and  properties  are  precisely  si- 
milar to  that  of  the  aleanna-red.     Its  formula  is  CieHgOa* 

Hematoxylin. — Thiff  substance,  the  colouring  principle 
of  the  logwood  (hssmatoxylon  campechianum)  is  frequently 
met  with  naturally  crystalliced  in  stellated  groups  of  prisms, 
sometimes  of  considerable  size,  in  clefts  of  the  wood;  it  may 
also  be  prepared  by  a  process  similar  to  that  described  for 
braziinn  ;  it  is  slightly  bitter  and  astringent ;  it  is  very 
sparingly  soluble  in  water,  but  copiously  in  alcohol  and  ether, 
forming  brownish-red  liquids.  Acids  colour  its  solutions  yel- 
low, alkalies  purple ;  with  the  earths  and  metallic  oxides  it 
forms  purple  or  blue  lakes. 

Sqfflower-red^  or  Cmrlkamine. 

The  petals  of  the  safflower  (cartharons  tinctorius)  contain 
a  red  and  a  yellow  material ;  the  former  alone  is  of  technical 
importance.  The  flowers  are  to  be  washed  with  water  aci- 
dulated with  acetic  acid,  until  all  the  safflower-yelhw  is  re- 
moved. By  digestion  then,  in  a  solution  of  carbonate  of  soda, 
the  earthamine  is  dissolved,  and  may  be  precipitated  by  any 
acid,  but  citric  acid  answers  best ;  it  forms  a  dark  red  pow- 
der, insoluble  in  water  and  in  acids,  and  but  sparingly  so- 
luble in  alcohol  or  ether ;  it  reddens  litmus,  and  gives  with 
the  alkalies  yellow  solutions ;  its  compound  with  soda  crys- 
tallizes'in  silky  needles;  with  alumina  it  forms  a  beautiful 
red  lake,  rauge^  used  as  a  cosmetic  and  in  dyeing.  This 
substance  is  much  employed  for  dyeing  silk,  of  various 
shades  of  pink  and  rose  colour. 

I  have  found  in  the  petals  of  the  salvia  fulgens  a  colour- 
ing matter,  possessing  considerable  analogy  to  carthamin, 
and  capable  of  being  substituted  for  it. 

Querciirm. — ^This  substance  is  extracted  from  the  bark  of 
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the  quercus  infectoria,  by  simple  decoction  in  water ;  after 
some  dayS|  the  colouring  matter  separates  in  crystals ;  or 
better  by  digesting  the  bark  in  alcohol,  precipitating  the 
tannin  by  gelatine  and  evaporation :  when  pure,  it  resembles 
very  minute  crystals  of  yellow  prussiate  of  potash ;  it  is  easily 
soluble  in  water  and  in  alcohol,  and  appears  to  possess  feeble 
acid  properties.  Its  formula,  by  Bolley's  analysis,  appears 
to  be  C16H9O9  +  Aq.  With  metallic  oxides  it  gives  brilliant 
yellow  lakes. 

Chryso-rhammne — XanthiMrhammne. 

I  have  found  the  unripe  berries  of  the  rhamnus  tinctorius 
(Persian  berries,  grains  d' Avignon)  to  contain  a  substance, 
soluble  in  alcohol  and  ether,  and  crystallizing  from  its 
ethereal  solution  in  minute  silky  needles  of  a  brilliant  yellow 
colour ;  it  gives  with  metallic  oxides  yellow  lakes.  When 
cautiously  heated  it  fuses,  but  is  not  volatile.  In  the  ripe 
berry,  this  substance,  to  which  I  have  given  the  name 
chryso-rhamnine,  is  totally  replaced  by  another,  which  I 
term  xaniho-rhamnine,  which  is  of  a  much  less  beautiful 
yellow,  and  does  not  crystallize ;  this  change  is  effected  also 
by  boiling  the  chryso-rhamnine  for  a  few  minutes  with  water, 
or  by  contact  with  alkalies.  The  xantho*rhamnine  is  totally 
insoluble  in  ether,  but  easily  soluble  in  alcohol  and  water. 
It  is  formed  by  the  union  of  the  elements  of  water  with 
chryso-rhamnine.  Its  silver  salt  is  yellow  when  first  thrown 
down,  but  rapidly  becomes  black ;  metallic  silver  separating, 
and  a  colourless  organic  substance  being  formed.  The  Per-> 
sian  berries  are  much  used  for  dyeing  yellow,  but  from  the 
processes  employed,  the  xantho-rhamnine  alone  is  actually 
brought  into  play. 

LuteoUn  is  the  colouring  principle  of  the  weld  (reseda 
luteola),  and  probably  of  the  dyers'  broom,  (genista  tinctoria). 
Its  mode  of  preparation  resembles  that  of  quercitrine.  It  is 
soluble  in  water,  alcohol  and  ether  ;  it  combines  with  both 
acids  and  alkalies,  forming  yellow  compounds.  With  alu- 
mina and  the  oxides  of  tin  and  lead,  it  gives  brilliant  yellow 
lakes,  with  iron  a  dark  brown  precipitate. 
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Marin  is  the  colouring  principle  of  the  yellow*wood 
(morus  tinctorius),  it  is  prepared  like  quercitrin  with  which 
its  properties  accurately  agree. 

Orellin. — ^The  seed  of  the  bixa  orellaua  are  imbedded 
in  an  orange*red  colouring  matter,  which  is  separated  by 
washings  and  a  kind  of  fermentation ;  when  deposited  from 
the  liquors,  so  as  to  form  a  consistent  paste,  it  is  sent  into 
commerce  under  the  names  of  rocouy  Orleans^  or  anotto.  To 
obtain  the  colouring  principle  pure,  the  orange-red  mass  is 
digested  in  alcohol,  and  the  solution  distilled  nearly  to  dry- 
ness; the  residue  is  then  treated  with  ether  which  dissolves 
the  orelline,  and  yields  it  on  evaporation,  as  an  orange-red, 
somewhat  crystalline  powder ;  it  colours  water  pale  yellow  ; 
it  is  more  soluble  in  alcohol,  but  gives  with  ether  or  oils 
deep  red  solutions ;  it  dissolves  in  alkalies  and  is  precipitatiBd 
therefrom  by  acids.  With  alumina,  oxide  of  tin,  and  oxide 
of  lead,  it  gives  fiery  red  precipitates.  It  is  extensively  used 
in  dyeing,  and  also  to  heighten  the  colour  of  cheese  and 
butter. 

Curcumin  is  found  in  the  roots  of  the  curcuma  longa  (tur- 
meric), and  is  obtuned  by  treatment  with  boiling  alcohol, 
evaporation  to  dryness,  and  digestion  of  the  residue  in  ether, 
which  dissolves  the  pure  colouring  matter,  and  yields  it  by 
spontaneous  evaporation.  Curcumin  melts  at  104'';  it  pos- 
sesses the  properties  of  a  resin ;  alkalies  brown  it,  on  which  its 
employment  for  a  test-paper  rests ;  acids  render  its  proper 
yellow  much  paler*  except  boracic  acid,  which  stains  it  yel- 
lowish-red. 

Berherin  exists  in  the  roots  of  the  berberis  vulgaris ;  it 
is  prepared  by  boiling  the  roots  in  water  and  evaporating 
the  decoction  to  the  consistence  of  an  extract,  which  is  to  be 
treated  with  spirit  of  wine  as  long  as  this  acquires  a  bitter 
taste.  The  spirit  is  to  be  dbtilled  in  great  part  off,  and  the 
residue  let  to  stand  in  a  cool  place  for  twenty-four  hours ; 
the  crystals  which  form  are  to  be  recrystallized,  first  from 
water  and  then  from  alcohol.  Pure  berherin  forms  a  light 
crystalline  yellow  powder  of  a  strongly  bitter  taste ;  it  is 
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very  sparingly  soluble  in  cold,  but  very  abundantly  in  boiling 
water  and  in  alcohol ;  it  is  insoluble  in  ether.  At  268°  it 
melts ;  and  if  further  heated,  it  is  decomposed,  giving  ammo- 
niacal  products ;  by  chlorine  it  is  converted  into  a  brown- 
red  substance ;  it  combines  with  bases  acting  feebly  as  an 
acid ;  its  alkaline  compounds  crystallize;  those  with  the  earths 
and  heavy  metallic  oxides  are  insoluble  and  generally  yellow ; 
a  solution  of  it  precipitates  the  iodide,  cyanide,  ferro-cyanide, 
and  sulpho-cyanide  of  potassium.  Berberin  contains  nitro- 
gen ;  its  formula  being  NCaaHisOis. 

Cochineal-redt  or  Carmine. 

This  very  remarkable  substance  differs  from  all  of  the 
other  colouring  matters  here  described,  in  being  a  product  of 
the  animal  kingdom.  It  exists  in  many  insects  of  the  genus 
coccus,  as  the  coccus  cacti,  (the  true  cochineal),  the  coccus 
ilicis,  (kermes),  the  coccus  ficus,  (lac-dye),  &c.  For  its  pre- 
paration the  cochineal  is  to  be  digested  in  ether  to  remove  a 
quantity  of  fat,  and  then  boiled  in  alcohol  as  long  as  this  is 
coloured.  The  alcoholic  liquors  being  mixed  are  to  be  con- 
centrated by  distillation,  and  then  cautiously  dried  ;  the  im- 
pure carmine  thus  obtained  is  digested  in  alcohol,  and  the 
solution  mixed  with  ether,  which  precipitates  the  colouring 
matter  quite  pure. 

It  is  a  purple  red  powder,  easily  soluble  in  water  and 
alcohol;  insoluble  in  ether.  It  melts  at  122°;  but  is  de- 
composed by  a  high  heat ;  chlorine  turns  it  yellow ;  alka- 
lies colour  cold  solution  of  carmine  red,  but  it  becomes 
yellow  by  exposure  to  the  air,  or  by  boiling.  With  alumina 
it  forms  a  precipitate,  which  is  crimson  when  prepared  with 
a  cold,  but  violet  if  with  a  hot  solution.  All  metallic  salts 
give  lakes  with  the  alkaline  solution  of  carmine ;  that  of  the 
protoxide  of  tin  is  a  rich  scarlet.  The  carmine  of  commerce 
is  an  alumina  lake,  more  or  less  pure ;  that  called  Chinese 
carmine  is  the  compound  with  oxide  of  tin. 

The  carmine  contains  nitrogen ;  the  formula  NC32H26O20 
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has  been  assigned  to  it,  but  cannot  be  considered  as  defi- 
nitely established. 

Of  Indigo  and  the  Bodies  derived  from  it. 

The  blue  indigo  of  commerce  is  obtained  from  the  leaves 
of  a  variety  of  plants  of  different  genera.  The  genus  indi- 
gofera  includes  a  number  of  productive  species,  also  the 
genera,  nerium,  and  isatis,  'marsdenia,  asclepias,  and  poly- 
gonum, galega,  spilanthus,  and  amorpha.  Of  these  the  great 
majority  are  natives  of  the  tropics ;  but  a  few,  as  the  isatis 
tinctoria,and  the  polygonum  tinctorium,  belong  to  temperate 
regions,  the  former  being  indigenous  both  to  Ireland  and 
to  England. 

The  indigo  is  secreted  in  the  cellular  tissue  of  the  leaf, 
in  a  form  (white  indigo)  which  can  also  be  artificially  pro- 
duced ;  it  is  then  colourless,  and  remains  so  as  long  as  the 
tissue  of  the  leaf  is  perfect  When  the  leaf  begins  to  wither 
oxygen  is  absorbed,  and  the  indigo  assuming  its  colour,  the 
leaves  become  covered  with  a  number  of  blue  points,  the  first 
appearance  of  which  shows  that  the  period  for  collecting 
them  has  arrived.  The  fresh  leaves  are  thrown  into  large 
vats  with  some  water,  and  pressed  down  by  weights.  After 
some  time  a  kind  of  mucous  fermentation  sets  in,  carbonic 
acid,  ammonia  and  hydrogen  gases  are  evolved,  and  a  yellow 
liquor  is  obtained,  which  holds  all  the  indigo  dissolved.  This 
is  separated,  mixed  with  lime  water,  and  then  exposed  to  the 
air  until  the  indigo  becomes  blue  and  insoluble,  and  is  com- 
pletely deposited  as  a  precipitate.  The  thecnry  of  this  action 
is  that  by  the  putrefaction  of  the  vegeto-animal  matter  of  the 
leaves,  the  indigo  is  kept  in  the  same  white,  soluble  condition 
in  which  it  exists  in  the  plant,  and  a  clear  solution  of  it 
being  thus  obtained,  it  is  precipitated,  according  as  it  absorbs 
oxygen,  in  a  much  purer  form  than  otherwise  could  be 
effected. 

The  putrefying  pasty  mass  of  leaves,  obtained  from  the 
isatis  tinctoria,  constitutes  the  woad  or  wad  employed  in  the 
hot  indigo  bath  for  dyeing  cloth. 
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The  blue  indigo^  as  thus  obtained,  is  still  a  mixture  of 
several  bodies,  as  indigo-red,  indigo-brown,  indigo-gluten, 
which  are  removed  by  repeated  treatment  with  alcohol  and 
dilute  acids  and  alkalies.  When  pure,  the  precipitated  in- 
digo is  a  rich  blue  powder,  which,  when  rubbed  by  a  knife, 
assumes  the  colour  of  metallic  copper;  it  is  perfectly  insoluble; 
when  cautiously  heated,  it  sublimes  in  rectangular  prisms,  of 
a  dark  purple  colour  and  metallic  lustre ;  its  vapour  is  of  a 
rich  purple;  it  contains  nitrogen,  its  formula,  as  fully  es- 
tablished by  Dumas,  being  NC16H5O3.* 

fVhiie  Indigo. — ^When  indigo  is  acted  upon  by  deoxidiz- 
ing agents,  as  protochloride  of  tin,  protoxide  of  iron,  or  sul- 
phurous acid,  it  loses  its  blue  colour,  and  the  white  indigo, 
which  is  insoluble  in  water,  but  soluble  in  alkaline  solutions, 
is  produced .  Its  mode  of  preparation  is  simple ;  one  and  one- 
half  parts  of  commercial  indigo,  two  and  one-half  parts  of 
slaked  lime,  and  two  parts  of  green  copperas  are  to  be  well 
mixed  up  with  sixty  parts  of  water  in  a  vessel  from  which 
the  air  is  carefully  excluded.  The  protoxide  of  iron,  formed 
by  the  action  of  the  lime  on  the  copperas,  peroxidizes  itself 
at  the  expense  of  the  indigo  and  water,  and  the  white  indigo 
thus  formed  dissolves  in  combination  with  lime.  On  adding 
muriatic  acid  to  the  clear  solution,  the  white  indigo  precipi- 
tates, and  may  be  obtained  dry,  as  a  crystalline  powder,  by 
suitable  precautions  to  prevent  the  access  of  air. 

The  simplest  theory  of  this  process  should  be,  that  the 
oxide  of  iron  directly  abstracted  oxygen  from  the  indigo, 
hence  the  names  of  deoxidized  indigo  and  indigogene  were 
given  to  the  white  substance ;  but  the  analyses  of  Dumas  have 
proved,  that  the  white  indigo  js  a  compound  of  hydrogen 
with  the  blue  indigo,  its  formula  being  deHsNOj  +  H.  In 
its  formation,  therefore,  water  is  decomposed,  the  elements 
of  it  combining  respectively  with  the  blue  indigo,  and  the 
deoxidijping  body. 

On  the  properties  of  this  white  indigo  depend  the  im- 
portant appUcation  of  indigo  as  a  dyeing  material.  The  in- 
digo is  rendered  soluble,  either  by  lime  and  copperas  (cold 
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indigo  bath)  or»  being  diffused  through  warm  water  with  a 
quantity  of  woad,  by  the  fermentation  of  which  ammonia 
and  hydrogen  are  evolved,  a  soluble  compound  of  ammonia 
and  white  indigo  is  obtained  (hot  indigo  bath)  ;  the  former 
is  employed  for  cotton,  and  the  latter  for  woollen  cloth. 
The  cloth  is  immersed  in  the  bath  until  it  has  fully  imbibed 
the  solution,  it  is  then  exposed  to  the  air,  the  oxygen  of 
which  carries  off  the  hydrogen  of  the  white  indigo,  and  the 
blue  insoluble  indigo  attaches  itself  to  the  fibres  of  the  cloth 
so  firmly  at  the  moment  of  its  formation,  as  to  constitute  the 
most  permanent,  and  the  most  beautiful  of  our  blue  dyes. 

Sulphate  of  Indigo, — When  "blue  indigo,  in  very  fine 
powder,  is  digested  with  strong  oil  of  vitriol,  for  which  pur- 
pose the  German,  or  fuming  sulphuric  acid,  answers  best,  it 
dissolves  in  great  part,  and  two  acids  are  formed,  the  9utphfh' 
purpuric  and  sulpk-indyUc  ;  the  former  is  the  principal  pro- 
duct when  the  indigfo  is  in  excess,  the  latter  when  the  oil  of 
vitriol  preponderates ;  they  are  separated  by  dilution  with 
water,  the  sulpho-purpuric  acid  being  insoluble,  whilst  the 
sulph-indylic  acid  dissolves. 

The  sulpho-purpuric  acid,  though  insoluble  in  dilute 
acids,  dissolves  readily  in  pure  water ;  it  forms,  with  the  al- 
kalies and  earths,  blue  compounds  which  are  sparingly  soluble 
in  water,  but  soluble  in  alcohol.  By  the  analysis  of  Dumas 
it  appears  to  consist  of  C3sHioNs04  +  S^SOa,  and  in  its  pot- 
ash salt  to  contain  one  atom  of  alkali. 

The  sulph-indylic  add,  CwHsNOj  +  2SO3,  when  dried 
from  its  solution  in  water,  forms  a  dark  blue  mass.  Its  salts 
are  of  a  rich  blue  colour  ;  those  of  the  alkalies  are  soluble, 
those  of  the  earths  and  metallic  oxides  insoluble  in  water. 
They  consist,  according  to  Dumas'  analysis,  of  an  atom  of 
indigo,  two  of  sulphuric  acid,  and  one  of  base.  The  sulpho- 
purpuric  and  sulph-indylic  acids  thus  contiun  the  same  or-* 
ganic  element  (indigo),  but  in  different  proportions,  united  to 
sulphuric  acid. 

Berzelius  considers  that  besides  these  two,  there  are  gene- 
rated, by  the  action  of  sulphuric  aeid  on  indigo,  several  other  * 
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acids  of  complex  nature,  but  as  we  possess  no  exact  results 
concerning  them,  and  that  they  are  of  no  technical  impor- 
ance,  it  is  unnecessary  to  describe  them  in  detail. 

This  solution  of  indigo  in  oil  of  vitriol  constitutes  the 
Saxon  blue,  or  ehemie  bhte,  used  extensively  in  dyeing ;  on 
neutralising  the  liquor  by  an  alkali  (carbonate  of  soda),  and 
immersing  the  tissue,  whether  wool,  silk,  or  cotton,  the  in- 
digo combines  with  the  fibre  of  the  cloth,  and  the  sulphuric 
acid  remains  combined  with  the  alkali. 

By  the  gradual  oxidation  of  indigo,  a  substance  is 
formed  which  crystallises  in  large,  red  prisms,  and  is  termed 
by  Laurent,  ueaine ;  its  formula  is  C16H5NO4.  If  the  pro'- 
cess  be  more  violemly  carried  on,  the  constitution  of  the 
indigo  is  broken  up  and  a  new  type  formed,  thus :  by  the  ao* 
tion  of  an  excess  of  nitric  acid  on  indigo  two  remarkable 
bodies  are  formed,  the  aniUc  and  the  picric  adds.  A  mix- 
ture of  one  part  of  fuming  nitric  acid  and  t^n  of  water  being 
brought  to  boil,  indigo  is  to  be  added  in  fine  powder  as  long 
as  any  effervescence  occurs ;  the  liquor  is  to  be  then  filtered 
whilst  hot.  Both  adds  crystallize  on  codbig ;  the  crystals 
are  to  be  drained,  redissolved  in  water,  aiid  precipitated  by 
acetate  of  lead  ;  pi^rate  of  lead  falls;  anilate  of  lead  re- 
mains dissolved,  and  being  decomposed  by  sulphuretted 
hydrogen,  the  anilic  acM  crystallizes  in  white  needled;  its 
taste  is  bitter  and  acid ;  it  requires  1000  parts  of  cold,  and 
but  ten  of  boiling  water ;  its  salts  are  all  soluble ;  its  for* 
mula  is  C14H4NO9  +  Aq. 

Tiie  Picric  Acid  may  be  obtained  by  diffusing  the  pi- 
crate  of  lead  through  boiling  water,  and  decomposing  it  by 
sulphuretted  hydrogen  gas;  on  filtering  and  cooling,  the 
picric  acid  crystallizes.  It  may  be  obtained,  however,  much 
purer  and  more  abundantly  by  digesting  salieine  in  nitric  acid 
(p.  1020) ;  and  directly  from  the  substance  which  exists  in 
coal  gas  naptha,  termed  by  Laurent,  hydrate  of  phenyl ; 
it  forms  yellow  prisms,  sparingly  soluble  in  cold  water; 
when  heated  it  explodes,  as  do  also  its  salts ;  its  potash  s^lt 
requires  960  parts  of  cold  water  for  solution,  and  it  is  hence 
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sometimes  used  as  a  reagent  for  that  alkali ;  its  fonniila  is 
C„H3NaO„+  Aq. 

When  indigo  is  mixed  with  a  strong  boiling  soIiidoD  of 
eauslic  potash,  it  dissoWes,  and  ehryg-cadlic  acid  is  formed, 
which  may  be  preeipitated  by  muriatic  acid  as  an  orange- 
red  powder ;  it  dissolres  in  alcohol  and  ether,  and  crystal- 
lises by  the  e¥aporation  of  the  solutions ;  its  formula  appears 
to  be  Ca^HwNOk  +  Aq*  By  exposure  to  the  air,  whilst  hot» 
or  directly  by  contact  with  peroxide  of  mangaiicsse,  this 
acid  is  converted  into  another,  axUkramUc  oew/j  the  proper- 
ties of  which  are  remarkable ;  it  is  S€4uble,  crystalliBes,  gives 
very  well-marked  and  crystalliaable  salts^  fiises  at  275^,  and 
sublimes  a  htde  above  that  temperature  unchanged ;  if  it  be 
stvottgly  heated,  however,  it  is  decomposed,  the  sole  pro- 
ducts bring  carbonic  add  and  a  volatik  liqiud,  aniloie.  The 
formula  of  the  hydrated  anthramlie  acid  is,  C14H7NO4,  and 
it  gives  2lCOs  and  C,tH,N. 

This  liquid,  anilene,  is  a  body  closely  analc^ous  to  tiie 
melamine  (p.  874)  ;  it  acts  as  a  powerfiil  base,  combining 
with  the  hydracids  directly,  and  with  the  oxacids  by  including 
an  atom  of  water  ^  it  thus  resembles  annnonia.  These  imr 
poTtant  substances,  for  whose  <&eovery  we  are  indebted  to 
Fritzche,  are  still  under  examination. 

Action  ef  Chlorine  on  Indigo. — ^This  subject,  so  import- 
ant in  relation  to  the  theory  of  the  bleaching  of  colouring 
matters,  has  been  very  minutely  investigated  by  Erdman,  of 
whose  numerous  and  complex  results  the  elementary  nature 
of  this  work  will  allow  but  a  general  notice  to  hb  given.  Dry 
chlorine  has  no  action  on  indigo,  boi  in  presence  of  water  it 
converts  it  into  a  yellow  mass,  from  wbtob  is  separated  by 
distillation,  a  substance  termed  ehlorimb^pienf  which  sub- 
limes in  white  scales  and  needles ;  its  fonnula  is  C16H4O9CI4 ; 
it  is  sparingly  sehibie  in  water,  copttNisIy  in  alcohol  and 
etiier.  This  appears  to  be  a  secondary  product.  The  sub* 
stance  which  remains  behincf  in  the  retort,  on  being  dis^ 
solved  in  boiling  alcohol,  yields,  on  cooling,  red  prismatic 
crystals  ^  c/Uorisoiin\  its  ibvmula  is  CaH^Cl.NOa;   it  is 
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hence  indigo  in  i^hich  an  equivalent  of  hydrogen  is  replaced 
by  chlorine,  and  united  to  an  atom  of  oxygen  ;  with  an  ex< 
cess  of  chlorine  it  gives  Incfilorisaiiney  ^'hich  consists  of 
C16H4CI.2NO3.  If  these  bodies  be  treated  with  sulphuretted 
hydrogen,  sulphur  is  set  free,  and  the  hydrogen  enters  into 
combination ;  in  contact  with  potash,  the  elepients  of  an 
atom  of  water  are  assimilated,  and  an  acid  formed,  which 
unites  with  the  potash.  In  this  way,  chlorisatin  give  cMo- 
risatyd,  CjeHjClNOa,  and  cklorisatic  acid,  C16H5CINO4,  and 
bichlorisatin  gives  two  corresponding  bodies. 

If  chlorisatyd  be  heated,  it  produces  water,  chlorisatin, 
and  a  violet  powder,  chlotindin,  which  has  the  formula 
C]6H5C1N02,  and  is  hence  a  compound  of  indigo-blue 
with  chlorine.  By  heating  bichlorisatyd,  the  bichlorindin 
C16H5NO2.CI2  is  similarly  formed. 

By  passing  chlorine  through  a  solution  of  chlorisatin  in  al- 
cohol, all  hydrogen  is  removed,  and  a  substance  formed 
which  crystallizes  in  pale  yellow  plates,  and  has  the  formula 
CgOaCla;  it  is  termed  chloraniL  By  the  secondary  reactions 
of  these  bodies,  a  number  of  others  are  generated,  which  it 
is  not  necessary  specially  to  describe. 

Notwithstanding  the  attention  devoted  by  the  most  dis- 
tinguished chemists  to  the  compounds  and  derivatives  of  in- 
digo, the  theory  of  that  body  remains  very  obscure.  The 
derivation  of  picric  acid  from  the  body  CwHsO  +  Aq.  (Ay- 
drate  ofphaenyt)  discovered  as  a  product  of  destructive  dis- 
tillation by  Laurent,  may  serve  as  a  connecting  point  for 
many  of  the  bodies  derived  from  indigo,  and  which  otherwise 
had  appeared  totally  unconnected.  Thus  the  picric  acid  is 
evidently  formed  by  the  substitution  of  3.NO4  for  8.H  in 
C12H5O.  and  the  anilene  is  probably  C13H&  +  NH2 ;  other 
speculative  ideas  might  be  brought  forward,  but  I  shall  only 
mention  that  thd  blue  indigo  contains  exactly  the  elements 
of  cyanogen  and  benzyl,  C2N  4-  CMH5O2,  and  that  as  the 
cyanogen  is  converted  so  easily  into  oxalic  acid  and  ammonia 
tl\e  derived  bodies  which  contain  Cx^y  may  thus  have  their 

origin. 

3y2 
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Of  the  colouring  Matters  derivedfrom  the  Lichens^ 

Many  species  of  lichen  contain  substances  which,  al« 
though  colourless  themselves,  produce,  by  contact  with  air 
and  ammonia,  the  rich  purple  or  blue  colouring  matters, 
constituting  the  archil  and  Utmus  of  commerce.  The  spe- 
cies  of  lichen  that  have  been  in  this  respect  most  accurately 
eiuimined  are  the  variolaria  dealbata,  by  Robiquet  and  Du- 
mas, and  the  rocella  tinctoria  by  myself.^ 

The  useful  substance  in  the  variolaria  is  termed  ordne,  it 
b  obtained  by  digesting  the  lichen  in  alcohol,  evaporating 
to  dryness,  dissolving  the  extract  in  water,  concentrating  the 
solution  to  the  thickness  of  a  sirup,  and  setting  it  aside  to 
crystallize ;  it  forms,  when  quite  pure,  colourless  prisms,  of 
a  nauseous-sweet  taste ;  it  fuses  easily,  and  may  be  sublimed 
unaltered ;  its  formula  is  CU1H7O3  +  2Aq,  when  sublimed ; 
when  crystallized  from  its  aqueous  solution,  it  contains  5Aq. 

If  ordn  be  exposed  ta  the  combined  action  of  air  and 
ammonia,  exactly  as  described  for  phloridzin  (p.  1022) ,  it  ia 
converted  into  a  crimson  powder,  orceine,  which  is  the  most 
important  ingredient  in  the  archil  of  commerce.  The  or- 
ceine may  also  be  obtained  by  digesting  dried  archil  in 
strong  alcohol,  evaporating  the  solution  in  a  water  bath  to 
dryness,  and  treating  it  with  ether  as  long  as  anything  is 
dissolved;  it  remains  as  a  dark  blood-red  powder,  being 
sparingly  soluUe  in  water  or  ether,  but  abundantly  in  alcohol ; 
its  formula  is  CuHmNOs*  The  orceine  in  archil  is,  however^ 
frequently  found  to  contain  less  oxygen,  and  to  be  repre- 
sented by  the  formula  CwHioNOv  I  have  termed  the  first 
kind  o^Ao-orciem,  and  the  second  beta-orcein,  in  properties 
they  are  identical. 

Orcein  dissolves  in  alkaline  Uquors,  with  a  magnificent 
purple  colour;  with  metallic  oxides  it  forms  lakes  also  of 
rich  purple,  of  various  shades.  In  contact  with  de-oxidizing 
agents  it  combines  with  hydrogen,  as  indigo  does,  and  forma 
kmc^frceimt  CitHitNOa  -^  H.  When  bleached  by  chlorine^ 
a  yellow  substauqe  is  formed,  chlor-oreeiney  the  formula  of 
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ivhich  I  have  found  to  be  Ci8HioN08'4-  CI  analogous  to  the 
other. 

In  the  rocella  tinctoria  there  is  no  orcine ;  the  origin  of 
the  coloured  substance*  is  a  body  which  I  have  termed  ety- 
thrffline;  it  is  soluble  in  ether  and  alcohol,  insoluble  in  water, 
but  is  gradually  decomposed  by  it ;  its  formula  is  C32H16O6. 
By  the  action  of  the  air  it  is  gradually  changed  into  ery* 
ihriney  a  substance  which  dissolves  sparingly  in  cold,  but 
abundantly  in  boiling  water,  from  which  it  separates  on  cool- 
ing in  brilliant  micaceous  plates ;  it  is  very  soluble  in  alco- 
hol and  ether;  its  formlila  is  C92H13O9.  By  prolonged' boil- 
ing in  water,  erythrine  is  changed  into  a  substance  very  so^ 
luble  in  water  and  in  alcohol,  amarptkrinei  the  formula  of 
which  is  C22H13O14,  and  finally,  by  the  still  ftirther  action  of 
the  air,  telerythrine  is  formed,  which  crystallizes  iff  smalt 
grains,  and  has  the  formula  Ca^HgOis* 

If,  however,  in  addition  to  the  air,  ammonia  have  access 
to  these  bodies,  the  crimson  colour  is  produced  and  the  two 
varieties  of  orceine  are  formed.  I  conceive  the  oxidizing 
stage  to  proceed  as  far  ias  amarythrine,  and  that  by  combi- 
nation with  ammonia  and  oxygen»  a  substance  is  formed  to 
which  I  have  given  the  name  of  axo-eryihrine.  Its  formula 
is  CaaHieNOis  +  8Aq.  By  the  loss  of  4.CO2  and  6.H0,  it 
gives  alpha'^orceine,  CigHioNOs,  which  absorbing  oxygen, 
gradually  forms  the  true  or  beta-orcelne,  CisHioNOs- 

When  an  alkaline  solution  of  orceine  is  exposed  to  the  air 
it  absorbs  more  oxygen,  and  a  substance  is  produced  which 
constitutes  a  great  part  of  the  colouring  material  of  litmus. 
1  have  termed  it  anolUminef  its  formula  is  CigHioNCho;  it  is 
a  dark  red  powder,  which  is  insoluble  in  alcohol  or  ether, 
and  but  sparingly  soluble  in  water;  it  dissolves  better  in 
acid  liquors,  which  render  it  a  pale  red,  and  with  alkalies  it 
gives  the  rich  blue  colour  of  litmus.  With  the  earths  and 
metallic  oxides  it  forms  purple  or  blue  takes ;  with  de-oxidiz- 
ing  agents,  it  is  decolorized,  forming  leucolitminey  and  by 
chlorine,  a  yeUow  substance  is  produced,  having  the  fbrmutil 

CwHioNOio  +  a 


105U     ERYTHROLEIN ERYTHROLITMINE* 

Besides  the  bodies  of  the  erythrine  series,  the  lichen 
roeella  contains  a  substance,  termed  rocellifte,  which  is  white, 
fusible,  insoluble  in  water,  soluble  in  alcohol  and  ether ;  its 
formula  is  CgsHMOe.  By  exposure  to  the  air,  it  is  converted 
into  a  fatty  substance  of  a  rich  crimson  colour,  which  I  have 
termed  eryihroleic  acid ;  this  body  exists  in  archil,  and  is 
separated  from  the  orcelne  by  means  of  its  solubility  in  ether. 
Its  formula  is  CwHtfOg ;  it  is  capable,  under  circumstances 
which  are  not  yet  well  understood,  of  being  broken  up  into 
two  aubstancesj  which  are  both  found  to  exist  in  litmus ; 
tbey4tre,  erythroleinet  which  has  the  formula  C90HS2O4,  and 
etythroliimine,  which  consists  of  C^JUnOtt'  The  erythrolein 
and  ery  throleic  acid  are,  like  the  alpha  and  beta  orceins,  dis- 
tingubhed  only  by  their  composition ;  they  have  the  same 
eolour,  are  sparingly  soluble  in  water,  but  copiously  in  al» 
cohol  and  ether ;  they  dissolve  in  alkaline  liquors  with  a  rich 
crimson  colour,  and  give  crimson  lakes  with  the  metallic 
salts.  The  erythrolitmine,  on  the  other  hand,  is  bright  red, 
very  sparingly  soluble  in  water  or  ether,  but  soluble  in  al- 
cohol. Alkalies  turn  it  bright  blue ;  in  a  solution  of  potash 
it  dissolves,  but  its  compound  with  ammonia  is  insoluble, 
and  consists  of  CmH»0|s  +  NH4.O. 

The  brief  history  of  these  substances  bow  given  will 
render  intelligible  the  process  of  manufacture  of  archil  and 
litmus,  and  the  princijdes  of  their  use  in  the  arts  and  in  the 
laboratory.  The  lichens  employed  are  ground  up  with  water 
to  an  uniform  pulp,  and  this  is  then  mixed  with  as  much  water 
as  makes  the  whole  thick-fluid.  Ammoniacal  liquors  from 
the  gas,  or  ivory«black  works,  or  even  stale  urine,  are  from 
time  to  time  added,  and  the  mass  frequently  stirred  so  as  to 
promote  the  action  of  the  air.  The  orcine  or  erythrine  which 
ezbted  in  the  lichen  absorbs  oxygen  and  ammonia  and  forms 
orcein ;  the  roceUine  absorbs  oxygen  and  forms  erytbroleic 
acid ;  these  being  kept  in  solution  by  the  excess  of  am- 
monia, the  whole  liquid  is  of  an  intensely  rich  purple  tint, 
and  cimstitutes  ordinary  archil.  If  the  oxidizing  action  of 
the  air  be  allowed  to  go  too  far,  we  have  the  purple  colour 
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replaced  by  a  shatle  more  or  iess  blue;  the  orceine  changes  to 
aBoIitmine^  and  the  ery throlein  gives  erythrolitinitie ;  aquati'- 
tUy  of  chalk  and  plaster  of  Pari&  k  ihen  added  to  the  liquor, 
so  as  to  form  a  consistent  paste^  and  this  cut  into  Uttle  cubi- 
cal masses  and  dried,  £E>rins  the  ikmus  of  commefce.  From 
the  constitution  of  archil  and  litmus^  such  must  be  the  general 
principles  of  the  nmnufacture,  ahlinugb,  particuhrly  fur  lit-- 
musy  the  details  are  kept  very  secret  by  those  engaged  in 
t)ie  trade. 

The. use  of  litmus  paper,  as  a  test  tot  the  presence  of  a 
free  acidi  arises  froin  the'  blue  colour  belonging  to  com- 
pounds nf  the  ery  throliionne  and  aaoerylbrine  with  »n  aNcali, 
and  as  this  is  taken  by  even  th«  weaken  a^l,  the  red 
colouring  materials  are  set  free. 
t 

Of  the  Cohuring  Maiier^  ^  Leapes  and  Floweiri* 

The  green  colour  of  plants  is  due  to  the  presence  of  a 
substance  termed  chloropkplL  Rven  deeply  coloured  plants 
contain  but  very  little  of  it,  am)  it  has  not  been  as  yet  ob^ 
tained  in  a  state  of  such  purity  as  that  any  formula  can  be 
assigned  to  it.  It  does  not  contain  nitrogen;  it  is  insoluble  in 
water,  soluble  in  alcohol  and  ether ;  it  is  dissolved  by  strong 
acids,  and  precipitated  therefrom  by  dilution ;  it  enters  into 
union,  with  bases,  and  gives  pale  green  lakes.  With  deox* 
idiSBing  agents  it  shows  the  same  process  of  decoloration  as 
most  other  bodies  of  tUs  class. 

Benselius  has  noticed  that  there  are  really  three  kinds  of 
chlorophyll ;  the  first,  which  exists  in  fresh  leaves^  dissolves 
in  acetic  acid,  with  a  rich  grass-green  colour ;  the  second, 
formed  from  the  first  by  drying,  gives  an  indigo-blue  so- 
lution with  the  same  acid,  and  the  solution  of  the  third, 
which  exists  principally  in  the  pyrus  aria,  and  other  dark 
leaved  plants,is  brownish-green.  So  excessive  is  the  colouring 
power  of  this  body,  that  Berselkis  has  calculated  that  the 
entire  mass  of  leaves  of  a  large  tree  seldom  contains  ten 
grains  of  chlorophyll. 

It  is  known  that  in  autumn  the  leaves  of  many' trees,  as 
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the  Mrbut  aoeopariay  conrnt  MOgainea,  &e*,  assume  a  fiiK 
rad  odour ;  whikt  the  fbliage  of  others,  particularly  of  forest 
traes,  becomes  bright  yeDow.  Benelius,  who  has  examined 
the  nature  of  this  change*  found  the  chkurophyll  to  be  re- 
placed in  sndi  leaves  by  a  red  and  a  yellow  eoloufing  matter, 
to  which  he  gave,  respectiyely,  the  names  ergUrophfU  and 
xaUhopkjfU.  The  former  is  an  extractire  matter,  easily  so- 
luble in  alcohol  and  water ;  by  the  air  it  is  gradually  changed 
into  a  brown  insoluble  matter :  with  alkalies  it  forms  rich* 
green  solutions,  and  with  metallic  oxides,  green  lakes;  by 
acids  the  red  colour  is  restored ;  a  green  leaf  containing 
chloffophyl  is,  however,  not  reddened  by  an  add.  It  is  re- 
iMrkable,  that  all  trees  in  whose  leaves  erjrthrophyll  forms 
in  autumn,  bear  red  firuit,  as  the  cherry,  currant,  &c. 

Xamikophyll  is  a  deep  yellow,  fatty  substance,  which 
melts  between  100^  and  120°  ;  it  is  insoluble  in  water,  but 
dissolves  copiously  in  alcohd  and  ether;  its  solutioo,  ex- 
posed to  the  air  and  light,  is  rapidly  bleached:  alkalies 
dissolve  it  sparingly  with  a  yellow  oolour,  which  is  bleached 
by  light. 

We  possess  but  very  little  aceurate  knowledge  of  the 
eolouriqg  matters  of  flowers:  they  constitute  a  very  remark- 
able group  of  bodies,  closely  related  to  each  other,  and  dis* 
tiBCt  from  the  colouring  matters  that  have  been  as  yet  ex- 
aMiped,  It  has  been  stated,  that  the  colours  of  all  flowers 
lesult  from  two  ;  one  blue  (amiioepmi),  which  is  soluble  in: 
water  and  alcohol,  reddened  by  adds,  rendered  green  by 
alkalies ;  and  from  these  changes  produdng  the  red,  aud  all 
intermediate, shades  of  purple  and  violet:  the  yellow  sub- 
stance {anihwumUm)  is  likewise  easily  soluble  in  alcohol  and 
water,  and  is  coloured  intensely  blue  by  oil  of  vitriol.  These 
substances  possess  most  analogy  to  hematoxylin  and  to 
safflower-yellow ;  but  it  is  highly  probable  that  a  great  num- 
ber of  species  of  colouring  matters  exut  in  flowers  as  they  do 
in  woods.  The  quantity  present  in  the  flower  is  generally  so 
excessively  minute,  that  the  accurate  examination  of  their 
properties  is  exceedingly  diflkult. 
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(hh  some  general  Characters  of  Colouring  Matters,  itnd  on  the 
Principles  of  Dyeing. 

In  addition  to  the  detailed  history  of  the  individual 
colouring  matters^  there  are  a  few  remarks  belonging  to 
them  as  ik  class  which  deserve  notice. 

Under  the  heads  of  indigo  and  of  orcdne,  I  have  der 
scribed  the  formation  of  white  compounds,  by  the  action  of 
deoxidizing  agents,  and  that  in  those,  which  are  the  only 
cases  that  have  been  accurately  examined,  it  resulted  from 
the  direct  combination  of  hydrogen  with  the  colouring 
matter.  This  character  of  forming  a  colourless  compound 
with  hydrogen,  appears  to  belong  to  all  coloured  substances* 
If  an  infusion  of  logwood,  of  cochineal,  of  violets,  of  immerin, 
be  rendered  acid  by  muriatic  acid,  and  a  slip  of  zinc  un- 
mersed  therein,  the  liquor  becomes  gradually  colourless, 
and  on  adding  ammonia,  a  white  lake  is  precipitated,  consist- 
ing of  the  hydruret  of  the  colouring  matter  combined  with 
oxide  of  zinc. 

With  oxygen  all  colouring  matters  appear  also  to  com- 
bine to  form  bodies  quite  or  nearly  destitute  of  colour.  Thus, 
if  the  chryso-rhamnate  of  silver  be  boiled  in  water,  metallic 
silver  separates,  and  the  oxidized  colouring  matter  dissolves. 
This  illustrates  the  manner  in  which  colours /acfe,  and  they 
are  more  or  less  fugitive,  according  as  their  tendency  thus 
to  combine  with  oxygen  is  greater.  On  this  principle  waa 
founded  the  old  process  of  bleaching,  by  exposing  the  cloth 
to  the  conjoined  agencies  of  water,  air,  and  light.  The  bodies 
whose  colour  injured  the  whiteness  of  the  cloth  were  gradu- 
ally changed  by  oxidation  into  others,  less  coloured  and  more 
easily  removable  by  washing.  In  the  nu^ority  of  cases,  how- 
ever, the  process  is  not  limited  to  simple  oxidation,  but  car- 
bonic acid  19  evolved,  and  the  colouring  matter  is  totally 
broken  up  in  constitution. 

The  colour  of  many  substances,  as  logwood,  archil,  lit- 
mus, indigo,  of  most  flowers,  &c.,  is  removed  by  sulphuretted 
hydrogen,  and  by  sulphurous  acid«    In  these  cases  there  is 
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direct  combination,  and  the  colour  is  restored  by  expelling 
the  combined  gas,  by  heat,  or  by  a  strong  acid.  For  com- 
merce, many  bodies,  particularly  those  of  a  yellow  colour, 
are  given  a  temporary  whiteness,  by  stoving  or  smoking  with 
sulphurous  acid,  by  placing  them  in  a  room  where  sulphur 
is  burned ;  this  is  done  with  corn,  with  straw  for  hats,  with 
sponges,  &c.  The  sulphurous  acid  gradually  goes  off  after- 
wards, and  the  yellow  colour  returns. 

The  destruction  of  colours  by  means  of  chlorine  is  the 
most  important  decomposition  to  which  this  class  of  bodies 
is  subject,  as  on  it  the  modern  processes  of  bleaching  all 
our  woren  tissues,  paper,  &c.  is  founded.  Innumerable 
niceties  in  the  application  of  coloured  patterns  on  cloth 
would  be  impossible,  and  the  art  of  the  cidico  printer  re- 
strained to  very  narrow  limits,  was  it  not  for  the  power  which 
chlorine  gives  htm  of  removing  the  original  colour  from  any 
chosen  space,  and  replacing  it  by  others  of  various  tints. 
The  theory  of  this  action  of  chlorine,  which  had  been  for- 
merly thought  to  depend  upon  a  mere  oxidation  of  the 
colouring  matter,  water  being  decomposed,  has  been  shown 
by  my  results  with  orceine,  and  confirmed  by  those  of 
Erdman  on  indigo,  to  consist  in  the  formation  of  new  sub- 
stances containing  chlorine.  The  chlorine  in  some  cases 
replaces  hydrogen ;  in  others  it  combines  directly  with  the 
colouring  matter;  in  others  again,  water  is  decomposed,and 
die  product,  besides  containing  chlorine,  is  also  more  highly 
oxidised.  The  action  of  chlorine  on  colouring  matters  is, 
therefore,  subjected  to  the  same  laws  as  when  it  acts  upon 
other  organic  substances,  the  series  of  bodies  derived  from 
indigo  by  chlorine  having  much  analogy  to  the  series  of  bodies 
formed  with  alcohol  or  olefiant  gas. 

In  relation  to  the  processes  of  dyeing,  colouring  sub- 
stances are  divided  into  two  classes,  the  substantive  and 
adjective.  The  substantive  colours  are  those  which  being 
very  sparingly  soluble  in  water,  and  haring  a  strong  aflSnity 
for  the  fibre  of  the  cloth,  combine  directly  with  it;  such  are 
caithamioe,  and  indigo ;  the  adjective  coloucs  are  incapable  of 
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80  permanently  fixing  themselves,  and  the  necessary  insolu- 
bility and  affinity  for  the  cloth  is  given  through  the  interven- 
*  tion  of  a  base  with  which  the  colouring  substance  may  com- 
bine. The  cloth  is  mordanted  with  alumina  (p.  717),  or  iron 
(p.  930),  or  tin  (p.  740),  or  mixtures  of  these  metallic  ox- 
ides, and  as  the  lakes  so  formed  are  of  different  colours,  a 
great  variety  of  tints  may  be  produced.  The  field  of  appli- 
cation of  substantive  colours  also  is  greatly  enlarged  by  the 
use  of  mordants;  the  simple  colouring  matter  could,  of  course, 
give  but  its  own  tints,  whilst  it  forms,  with  the  bases,  lakes  of 
various  colours. 

The  resources  of  the  dyer  are  by  no  means  limited  even 
by  the  vast  number  of  coloured  substances  described  in  the 
present  chapter.  From  the  mineral  kingdom,  some  of  the 
richest  colours  are  now  procured,  as  has  been  already  noticed 
in  the  special  history  of  the  salts  of  chrome,  of  iron,  of  cop- 
per, of  lead,  of  manganese,  and  of  antimony*  It  is  remarka- 
ble that  hitherto  no  true  green  colouring  matter  has  been 
found  capable  of  application  in  the  processes  of  dyeing ;  the 
only  greens  which  exist  in  nature  being  the  chlorophyll,  and 
the  green  of  the  stems  of  buckthorn,  (sap-green)  neither  of 
which  are  capable  of  being  attached  to  cloth  :  all  greens  are 
therefore  in  practice  formed  by  the  superposition  of  a  blue 
(indigo,  or  Prussian  blue)  and  a  yellow  (chromate  of  lead  or 
chryso-thammine). 

The  details  of  the  processes  of  dyeing  and  printing  in 
patterns,  although  embracing  some  of  the  most  refined  appli- 
cations of  the  properties  of  the  colouring  matters,  do  not 
enter  into  the  plan  of  an  elementary  and  general  work,  such 
as  this  should  be. 


CHAPTER  XXVII. 

OF   THE   VBGBTABLB   ALKALIBS. 

The  mibsUnoet  now  to  be  described  constitute  a  very  re* 
marluibk  hudly  of  bodies.  Tbej  exist  naturally  in  the 
plants  from  which  they  are  derived,  and  <^onfer  upon  them 
their  most  active  medicinal  properties ;  they  act  as  bases, 
forming,  witfi  few  exceptions,  well  characteriised  and  neutral 
salts  even  with  the  strongest  acids,  and  they  are  distin* 
gubhed  from  most  substances  of  vegetable  origin  by  contain* 
ing  nitrogen.  The  presence  of  this  element,  indeed*  has 
been  considered  as  standing  in  immediate  connexion  with  the 
source  of  their  alkaline  power,  and  has  given  rise  to  theories 
of  their  intimate  constitution,  of  which  I  shall  notice  the 
most  important,  at  the  conclusion  of  their  special  histories. 

Qttfiitiie.— (NCaoHuOs)  or  Qu  Equiv.  I^jh  or  W^-  /r  5  - 
The  bark  of  the  various  species  of  cinchona  contains 
three  vegetable  alkalies,  combined  with  the  cinchonic  and 
cinchon-atannic  acids  already  described.  These  are  quinine, 
cinchonine,  and  aricine  ;  of  these  the  quinine  is  by  far  the 
most  important,  and  is  generally  extracted  from  the  yellow 
bark.  The  coarsely  powdered  bark  is  to  be  boiled  with  eight 
or  ten  parts  of  water,,  to  which  two  parts  of  muriatic  acid  have 
been  added.  When  the  liquor  will  dissolve  no  more,  it  is  to 
be  allowed  to  cool  and  strained ;  lime  is  then  to  be  added  in 
very  fine  powder,  until  the  liquor  has  a  marked  alkaline  re- 
action ;  the  precipitate  is  to  be  collected  on  a  linen  cloth, 
washed  once  or  twice  with  water,  and  then  dried ;  from  this, 
boilmg  alcohol  dissolves  out  quinine  and  cinchonine ;  the  so- 
lution being  mixed  with  water,  the  alcohol  may  be  distilled 
off  and  saved ;  the  residue  is  to  be  then  neutralized  by  di- 
lute sulphuric  acid,  and  a  slight  excess  added  to  form  acid 
salts.     On  evaporating  this  liquor  to  the  proper  point,  the 
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sulphate  of  quinine  crystallises  whilst  the  sulphate  ofcin- 
chonine  remains  in  solution* 

To  obtain  pure  quinine,  solution  of  sulphate  of  quinine 
is  to  be  decomposed  by  caustic  potash,  and  the  white  curdy 
precipitate,  being  carefully  dried,  is  to  be  dissolved  in  the 
smallest  possible  quantity  of  spirit  of  wine.  By  then  allow- 
ing it  to  evaporate  spontaneously  in  a  warm  place,  the  pure 
quinine  crystallises,  with  an  atom  of  combined  water. 

When  heated  cautiously,  the  quinine  abandons  its  crys* 
tal-water,  and  then  fuses;  its  taste  is  intensely  bitter;  it  re- 
quires 200  parts  of  boiling  water  for  solution,  and  is  almost 
insoluble  in  cold  water;  it  dissolves  easily  in  alcohol  and 
ether. 

The  salts  of  quinine  are  generally  crystallizable,  and  so**: 
luble  in  alcohol  and  water ;  those  with  the  oxygen  acids  con- 
tain an  atom  of  water,  in  which  they  agree  with  the  salts  of 
ammonia,  of  melamine,  and  of  anilene ;  it  combines  directly 
with  the  hydracids. 

The  Muriate  of  Qmrne.-^Qvu  +  HC\).  Forms  pearly 
needles.  It  dissolves  easily  in  water ;  with  corrosive  subli- 
mate, and  with  bichloride  of  platinum  it  forms  double  salts 
soluble  in  water,  and  crystallizable. 

The  Bane  Sulphate  of  Quinine  is  the  most  important 
preparation  of  this  base ;  its  manufacture  is  conducted  on  a 
very  large  scale,  according  to  the  process  just  now  given  for 
preparing  quinine,  or  various  analogous  methods.  When 
crystallized  it  contains  water;  its  formula  being  (Qus.  +  SO3 
-f  8  Aq.)  It  effloresces  when  gently  heated,  or  in  very  dry 
air,  giving  off  six  atoms  of  water  and  retaining  two,  which 
cannot  be  expelled  without  partial  decomposition ;  it  is  but 
sparingly  soluble  in  water,  requiring  thirty  parts  of  boiling 
and  740  parts  of  cold  water ;  it  requires  eighty  parts  of  cold 
alcohol,  but  much  less  of  hot ;  its  crystals  are  small  pearly 
plates  or  needles,  which  when  heated  phosphoresce  strongly 
and  fuse;  by  a  strong  heat  it  is»  of  course,  totally  decom- 
posed. 

The  Neutral  Sulphate  of  Quinine  crystallizes  in  rectan- 
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gular  prirais,  irhich  have  the  formula  (Qu.  +  SO3  +  SAq.) 
They  effloresce  easily,  dissolve  in  ten  parts  of  water,  ai60^» 
and  undergo  aqueous  fusion  at  S12^*  It  is  also  very  soluble 
in  alcohol;  though  neutral  in  constitution  its  solution  reddens 
litmus. 

The  sulphate  of  quinine  of  commerce  is  sometimes 
adulterated  with  sulphate  of  lime,  and  with  boracic  acid, 
which  are  known  by  remaining  when  the  organic  substance 
is  burned  away,  and  also  with  sugar  and  with  margaric  acid. 
The  latter  is  detected  by  its  insolubility  in  dilute  acida ;  the 
former  by  washing  the  sample  with  a  little  water,  and  preci- 
pitating the  quinine  that  is  dissolved  by  a  drop  of  solution 
of  carbonate  of  soda,  when  the  taste  of  the  sugar  is  recog** 
nised. 

Phoipkaie  of  Qirfmie  crystallizes  in  small  but  very  bril- 
liant needles,  which  are  soluble  in  water  and  alcohol. 

The  TamuUe  of  Qubntie  is  formed  by  adding  solution  of 
tannic  acid,  or  infusion  of  galls  to  any  salt  of  quinine.  A 
white  precipitate  appears  wbicl)  is  totally  insoluble  in  water, 
but  dissolves  in  acetic  and  muriatic  acids. 

FerrO'prussiaie  of  QMmme  is  formed  by  boiling  together 
one  part  of  sulphate  of  quinine,  and  one  and  one-half  of 
yellow  prussiate  of  potash  with  seven  parts  of  water.  The 
newly  formed  salt  separates  as  a  greenish-yellow  oily  sub- 
stance. When  the  liquor  is  cold  it  is  to  be  poured  off,  and 
theferro-prusstate  of  quinine  dissolved  hi  boiling  alcohol,  from 
which  it  crysuDises  in  greenish-yellow  needles  by  sponta- 
neous evaporation. 

The  action  of  chlorine  on  quinine  and  iu  salts  is  very 
characteristic.  If  sulphate  of  quinine  be  dissolved  in  a  large 
quandty  of  chlorine  water,  and  some  water  of  atnmonia 
added,  a  deep  green  precipitate  is  formed,  and  the  liquor 
becomes  also  intensely  green.  To  the  body  so  formed  the 
name  daUeioehin  has  been  given.  If  the  green  solution  be 
evaporated  with  contact  of  ait,  it  becomes  dark«>i^  coloured, 
sal-ammoniac  is  formed,  and  two  bodies,  of  which  one  is 
soluble  in  alcohol  ami  the  other  not ;  the  former  is  called 
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rttshcliin^  and  the  latter  melanoehin.  Formiilie  have  been 
proposed  for  these  bodies,  but  as  no  security  for  their  accu-> 
racy  has  been  given,  I  think  it  better  not  to  bring  them  for-* 
ward.  These  reactions,  combined  with  the  action  of  tannic 
acid,  serve  as  tests  for  quinine. 

Cinchonine* — NCgoHisO  or  Ci  Equiv.  I55.,  or  \9^. 

l*his  alkali  exists  most  abundantly  in  the  grey  bark  (cin- 
chona mierantha),  from  which  it  may  be  obtained  by  the 
same  kind  of  process  as  the  yellow  bark  is  subjected  to  for 
the  extraction  of  quinine;  but  it  is  usually  prepared  from  the 
mother  liquors  which  remain  after  the  crystallization  of  the 
sulphate  ofquinine,  as  just  now  desmbed  ;  from  its  alcoholic 
solution  it  crystallises  m  thin  colourless  prisms ;  its  taste  ia 
peculiar  and  bitter ;  it  requires  £500  parts  of  boiling  water 
for  solution,  but  dissolves  easily  in  alcohol  and  in  ethen 
At  330^  it  fuses,  without  losing  weight.  Its  salts  resemble 
very  closely  those  of  quinine. 

Muriate  of  Cinchonine. — Ci  +  HCl.  Crystallizes  easily  in 
brilliant  interwoven  needles ;  it  fbrms  double  salts  with  the 
metallic  chlorides,  similar  to  those  of  quinine. 

Sulphate  of  Cinehonine. — ^I'he  bane  sulphate*  Ci^  -|-  SO3 
-h  2Aq.  crystallises  in  rhombic  prisms  ;  it  requires  fifty-&ur 
parts  of  cold  water  for  solution.  The  neutral  salt  Ci.  +  SO3 
4-8Aq.  is  much  more  soluble,  and  crystallizes  in  large,  well* 
fbrmed  rhombic  octobedrons.  The  tannaie  of  cinchonine  is 
a  white  insoluble  powder. 

In  contact  with  chlorine,  cinchonine  forms  a  dark  red  so* 
lation,  and  after  some  time  a  brown  precipitate!  appears.  If 
iodine  and  cinchonine  be  dissolved  together  in  alcohol,  afid 
the  liqnor  evaporated  spontaneously,  a  compound  crystal*- 
lizes  in  saffiron-coloured  needles,  which  is  described  as  iodide 
of  cinchonine^  which  it  cannot  be,  as  hydriodic  acid  is  formed. 

^rfci/^^— NC90H12O3.  or  Ar.  Equiv.  17,.,  or  2I30. 

This  alkaloid  is  found  in  the  bark  known  as  China  de 
cuseo  or  nrica  bark,  with  which  the  genuine  cinchona  bark 
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is  often  adulterated ;  the  tree  yielding  it  is  not  known.  It  is 
obtained  by  predsely  the  same  process  as  cincbonine  and 
quinine  are  procured  from  the  pale  and  yellow  barks. 

It  crystallises  in  brilliant  white  needles ;  it  is  totally  in- 
soluble in  water,  but  easily  dissolves  in  alcohol  and  ether. 
These  solutions  have  an  intensely  bitter  taste ;  by  nitric  acid 
it  is  coloured  green;  its  salts  have  been  but  very  little  ex- 
aminedy  but  they  appear  to  correspond  very  closely  in  con- 
stitution and  properties,  to  the  salts  of  quinine  and  cincho* 


Morphia. — VC^U^^O^t  or  Mr.  Equiv.  Say^,  or  Serr 
To  this  body  is  due  in  most  part  the  medicinal  activity  of 
opium,  as  a  substitute  lor  which  it  is  prepared  upon  a  very 
large  scale*  The  processes  adopted  in  the  Britbh  pharma- 
copoeias  for  this  purpose  are  very  simple,  and  deliver  a  pro- 
duct which,  although  by  no  means  chemically  pure,  is  yet 
sufficiently  so  for  all  medicinal  objects ;  as  they  are»  however, 
more  especially  applied  to  the  preparation  of  the  muriate  of 
morphia,  I  shall  describe  them  under  that  head. 

To  obtain  pure  morphia,  the  process  invented  by  Witt* 
stock,  is  perhaps  the  best.  One  part  of  opium,  eight  of  water, 
and  two  of  muriatic  add,  are  to  be  digested  together  for  six 
hours ;  when  the  mixture  has  cooled,  the  brown  solution  is 
to  be  poured  off,  ^nd  the  residue  treated  twice  more  with 
water  and  acid.  The  liquors  so  obtained  being  mixed,  are 
to  be  saturated  with  common '  salt,  on  which  they  become 
milky,  and  after  a  few  hours,  a  brown  clotty  precipitete 
forms;  this  being  removed  by  the  filter,  ammoma  is  to  be 
added  in  slight  excess,  and  the  whole  allowed  to  stand  for 
twenty-four  hours.  The  precipitate  which  forms  in  this  time 
is  to  be  collected  on  a  filter,  washed  with  a  little  water,  dried, 
and  digested  in  spirit  of  specific  gravity,  0*8i20,  which  dis- 
solves out  the  morphia.  By  distillation,  the  greater  part  of 
the  spirit  is  removed,  and  the  morphia  being  dissolved  in  a 
small  quantity  of  boiling  alcohol,  crystaliiaes  01^  cooling.  In 
this  process,  the  narcotin  is  separated  by  the  addition  of  the 
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common  salt,  in  a  solution  of  which  it  is  insoluble ;  the  me- 
conic  acid>  codein  and  thebain  remain  dissolved  after  the 
addition  of  the  ammonia  in  excess,  and  the  other  principles 
present  in  the  opium  remain  in  the  mother  liquor  after  the 
morphia  crystallizes. 

The  process  of  Merck  is  founded  on  the  insolubility  of, 
morphia  in  a  solution  of  sal-ammoniac,  and  its  solubility  in 
lime  water.  Opium  is  to  be  digested  in  three  ^imes  its 
weight  of  water,  then  expressed,  and  this  repeated  three  or 
four  times ;  these  solutions  being  mixed,  are  brought  to  boil, 
and  milk  of  lime  added  in  slight  excess ;  the  precipitate 
which  forms,  is  to  be  collected  on  a  strainer  and  strongly 
pressed  :  the  liquor  is  then  to  be  evaporated  until  it  is  about 
twice  the  weight  of  the  opium  employed,  and  to  be  then 
filtered,  brought  to  boil,  and  for  each  pound  of  opium,  one 
ounce  of  sal-ammoniac  added  in  powder.  The  morphia  se- 
parates in  crystals,  and  may  be  purified  by  boiling  with  some 
lime  and  ivory  black  and  precipitation  again  by  sal-ammo« 
niac. 

Morphia  crystallizes  in  right  rhombic  prisms,  as  in  the 
figure,  t,  M,  being  primary,  and  m,  a  secondary  plane,  con* 
taining  2.Aq.  which  they  lose  by  efilorescence  in 
a  gentle  heat,  and  become  Of^aque ;  its  taste  is 
strongly  and  permanently  bitter;  it  is  almost  in- 
soluble in  water,  requiring  400  parts  when  boil- 
ing and  separating  almost  completely  as  the  liquor  cools. 
The  solution  reacts  strongly  alkaline  ;  it  dissolves  readily  in 
alcohol,  but  very  sparingly  in  ether.  It  dissolves  in  solu- 
tions of  the  caustic  alkalies  or  earths.  If  morphia  or  any  of 
its  salts  be  brought  into  contact  with  nitric  acid,  they  become 
coloured  red ;  this  property  belongs  also  to  some  other 
vegetable  alkalies,  and  appears  not  to  be  possessed  by  mor- 
phia when  absolutely  pure.  With  chlorine  water,  morphia  is 
first  coloured  orange-red,  and  then  dissolved.  If  iodic  acid 
be  brought  into  contact  with  morphia,  it  is  immediately  de- 
composed and  iodine  set  free. 

If  morphia  or  any  of  its  salts  be  added  to  a  solution  of 
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seaquiehloride  of  iron,  the  solution  assumes  a  rich  blue  colour, 
which  is  remoTed  by  an  excess  of  add,  but  returns  on  the 
neutraluEation  of  it  by  an  alkali.  With  tannic  acid  it  gives  a 
copious  white  precipitate.  By  these  remarkable  reactions, 
the  recognition  of  morphia  is  rendered  more  simple  than  that 
of  any  other  body  of  its  class. 

Morphia  completely  neutralizes  the  strongest  acids^ 
forming  isalts,  which  are  generally  soluble  and  crystalliza- 

ble. 

Mwriaie  4^  Morphia. — Mr.  +  H.CL  Is,  for  medicinal  ob- 
jects, the  most  important  compound  of  morphia;  its  prepa- 
ration as  directed  by  the  British  pharmacopoeias,  is  as  fol- 
lows ;  the  soluble  parts  of  opium  having  been  dissolved  out 
by  digestion  in  water,  the  united  liquors  are  to  be  evapo- 
rated to  the  consistence  of  a  sirup,  and  then  cold  water 
added  by  which  a  quantity  of  feculent  matter  (apotheme)  is 
separated ;  the  clear  liquor  is  to  be  decomposed  by  a  slight 
excess  of  chloride  of  lead  (London),  or  ofchloride  of  calcium 
(Edinburgh).  The  meconate  of  morphia,  which  exists  in  the 
opium,  being  decomposed,  meconate  of  lime  or  lead  is  pre- 
cipitated, and  muriate  of  morphia  remains  dissolved ;  the 
liquor  is  to  be  carefully  strained  and  evaporated  to  a  pellicle  ; 
on  cooling,  the  salt  crystallizes ;  this  is  to  be  pressed  between 
folds  of  cloth,  to  remove  the  dark  mother-liquor,  and  then 
dissolved  in  boiling  water,  digested  with  ivory  black,  and  re- 
crystallized  until  the  crystals  become  perfectly  white. 

The  product  of  this  method,  although  not  chemically 
pure,  is  suflSciently  so  for  medicinal  uses.  It  contains  codeine, 
and  sometimes  others  of  the  opium  alkaloids.  To  obtain 
the  pure  salt,  pure  morphia  should  be  dissolved  in  dilute  mu- 
riatic acid,  and  the  solution  crystallized. 

Sulphates  of  Morphia* — The  neutral  sulphate  which  crys- 
tallizes in  groups  of  soft  needles,  and  dissolves  in  twice  its 
weight  of  water,  has  the  formula  Mf  .HO.SOa  +  5  Aq.  The 
bisulphate  of  morphia  does  not  crystallize. 

Acetate  of  MorpUa  is  formed  by  dissolving  the  alkali  in 
acetic  acid,  or  by  decomposing  muriate  of  morphia  by  acetate 
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of  lead ;  it  crystallizes  in  small  feathery  needles  interwoven 
into  masses.  It  is  soluble  in  water  and  in  alcohol,  and  after 
the  muriate  is  the  most  important  salt  of  morphia* 

Morphia  is  precipitated  by  ammonia  and  by  tannic  acid 
from  solutions  of  any  of  these  sglts* 

2Varco/i/i^,— NQeHagOia,  or  Nr,  Equiv.  5230, 4?r  418. 

This  alkaloid  may  be  obtained  at  once  from  opium  by 
digestion  with  ether,  or  when  the  impure  morphia  is  thrown 
down  by  ammonia,  ether  dissolves  out  the  narcotine  from  it. 
It  crystallizes  in  colourless  rhombic  prisms,  which  are  gene- 
rally larger  than  those  of  morphia;  it  fuses  at  338'',  and 
remains  liquid  until  cooled  to  366^  when  it  congeals  as  a 
mass  of  radiated  needles.  It  is  almost  insoluble  in  water, 
but  easily  soluble  in  alcohol  and  ether;  its  salts  have  but 
little  stability,  few  of  them  crystallize,  and  most  are  decom- 
posed by  dilution  with  much  water.  By  ammonia  and  tan- 
nic acid  they  are  precipitated. 

From  morphia,  narcotine  is  very  easily  distinguished  by 
its  solubility  in  ether,  insolubility  in  caustic  alkalies  and 
earths ;  its  not  giving  the  reactions  characteristic  of  moi*phia 
with  nitric  acid,  or  with  sesquichloride  of  iron.  But  if  nar- 
cotine be  put  in  contact  with  sulphuric  acid,  and  that  oxygen 
is  supplied  either  by  the  air  or  by  a  trace  of  nitric  acid,  it 
becomes  red.  Under  these  circumstances,  however,  mor- 
phia becomes  green. 

Cocfefii^.— NCasH-wOs,  or  Cdn.  Equiv.  3573,  or  285-8, 
This  alkali  remains  dissolved  afler  the  morphia,  narco- 
tine, and  other  substances  have  been  precipitated  by  am- 
monia.    The  filtered  liquor  is  to  be  evaporated  to  dryness, 
and  digested  in  solution  of  potash,  a  substance  remains  un- 
dissolved which  gradually  becomes  crystalline.  This  is  to  be 
washed  with  water,  and  then  dissolved  in  boiling  ether, 
from  which,  by  spontaneous  evaporation,  the  codein  sepa- 
rates in  colourless  prismatic  crystals,  which  contain  2Aq. 
CrystaHized  codein  fuses  at  300^,  giving  off  its  crystal 
3z2 
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water.  It  dissolves  copiously  in  water,  the  solution  reacts 
strongly  alkaline;  it  is  insoluble  in  alkaline  liquors,  but 
forms  with  acids  perfectly  neutral  crystallizable  salts.  These 
are  piecipitated  copiously  by  tannic  acid,  but  not  by  am- 
monia ;  it  does  not  produce  apy  of  the  reactions  described  as 
characterizing  morphia.  As  none  of  its  salts  are  employed 
in  pharmacy  or  medicine,  they  need  not  be  specially  noticed. 

TAebatne.—HC»Hnl03,  or  Tb.  Equiv.  2542,  or  2034. 

The  watery  infusion  of  opium  being  treated  with  milk  of 
lime,  so  that  the  morphia  may  rest  dissolved,  the  precipitate 
is  to  be  washed  with  water  until  it  becomes  white,  and  then 
dissolved  in  a  dilute  acid.  From  this  solution  thebain  is  pre- 
cipitated by  ammonia.  The  precipitate  being  dissolved  in 
ether,  and  the  solution  evaporated,  pure  thebune  crystal- 
liases  in  colourless  short  rhombic  prisms,  which  taste  sharp 
and  styptic,  and  ^ave  a  strong  alkaline  reaction.  At  300^ 
it  fuses,  and  solidifies  then  only  when  cooled  to  2d(y.  It  is 
scarcely  soluble  in  water,  but  abundantly  so  in  alcohol -and 
ether. 

By  acids  thebaine  is  decomposed,  a  resinous  substance 
and  a  salt  of  ammonia  being  formed.  In  its  other  characters 
it  completely  resembles  narcotin. 

Narceme. — ^The  watery  solution  of  opium  is  to  be  heated 
first  by  ammonia,  which  throws  down  morphia,  narcotin, 
thebune,  and  some  other  bodies,  and  these  being  removed 
by  filtrations,  the  meconic  acid  and  codein  are  to  be  preci- 
pitated by  an  excess  of  solution  of  barytes.  The  excess  of 
bary  tea  being  then  removed  by  a  current  of  carbonic  acid 
gas,  the  filtered  liquor  is  to  be  evaporated  to  the  consistence 
of  a  sirup  and  set  aside;  after  some  time  crystals  form, 
which  are  a  mixture  oimeconine  (see  p.  1028),  and  narceine. 
These  are  separated  by  ether,  which  dissolves  the  meconine, 
and  the  residual  narceine  being  dissolved  in  alcohol  and  de- 
colorized by  animal  charcoal,  crystallizes  by  the  cooling  of 
its  solution  in  delicate  needles. 

It  tastes  bitter,  fuses  at  SOO^,  and  forms  a  crystalline  solid 
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on  cooling;  it  dissolves  in  230  parts  of  boiling  water;  it  is 
very  soluble  in  alcohol,  but  insoluble  in  ether ;  its  solution 
does  not  react  alkaline,  and  it  is  decomposed  by  strong  acids ; 
in  its  constitution,  however^  it  resembles  the  true  vegetable 
alkalies;  its  formula  being  NC3gH2oOi2. 

Pseudomarphine. — NC54Hi80i4,  Occurs  but  very  rarely  in 
opium*  For  its  mode  of  preparation,  when  present,  I  shall 
refer  to  the  larger  systematic  works ;  in  its  reactions  it  is 
absolutely  identified  with  morphia,  from  which  it  is  distin- 
guished, however,  by  its  composition,  by  crystallizing  in 
plates,  and  by  not  forming  any  well  characterized  salts,  al- 
though it  dissolves  very  readily  in  dilute  acids. 

S/rycAwiw^.— N2C44H5BO4.  Stc.  Equiv.  4355,  or  348. 

This  alcaloid  exists  associated  with  brucine  in  several 
species  of  strychos  (nux  vomica,  ignatia,  colubrina,  &c.),also 
in  the  substance  used  by  the  natives  of  Borneo  for  poisoning 
their  arrows,  and  termed  upcu-tieuiat  or  taoorara ;  it  is  ob- 
tained  most  easily  from  the  Ignatius'  beans,  which  contain 
but  little  brucine,  but  as  these  are  not  often  found  in  com- 
merce, the  nux  vomica  is  most  generally  employed.  Thei 
seeds  are  to  be  boiled  for  some,  time  in  strong  alcohol,  which 
dissolves  out  a  quantity  of  fatty  matter ;  being  then  dried  in 
a  stove,  they  are  easily  reduced  to  powder ;  this  powder  is 
to  be  then  boiled  two  or  three  times  in  alcohol,  and  the 
liquors  distilled  until  the  greater  part  of  the  alcohol  has  come 
over.  To  the  residue,  acetate  of  lead  is  to  be  added  as  long 
as  any  precipitate  occurs ;  by  this  means  more  fat,  colouring 
matter,  and  some  organic  acids  are  removed.  The  filtered 
liquor  is  to  be  then  evaporated  so  far,  that  from  sixteen 
ounces  of  nux  vomica  it  amounts  to  six  or  eight  ounces.  To 
this  quantity  two  drachms  of  magnesia  are  to  be  added,  and 
the  whole  allowed  to  stand  aside  for  some  days;  the  preci** 
pitate  which  forms  is  to  be  collected  on  linen,  pressed,  dried, 
and  dissolved  in  alcohol,  from  which  the  strychine  crystal^ 
lizes  on  cooling,  whilst  the  brucine  remains  in  the  mother 
liquor.     As  the  strychine,  however,  is  not  yet  pure,  it  is  to' 
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be  dissolved  in  dilute  nitric  acid,  and  the  solution  eTaporated 
to  a  pellicle.  On  cooling  the  nitrate  of  strychine  crystallises 
in  brilliant  white,  soft,  feathery  prisms,  whilst  the  nitrate  of 
hnicine  separates  afterwards  in  large  hard  rhombic  prisms. 
From  sixteen  ounces  of  nux  vomica,  forty  grains  of  nitrate 
of  strychnine,  and  fifty  grains  of  nitrate  of  brucine  may  be  ob- 
tained ;  from  the  sohition  of  the  pure  nitrate  in  water,  the 
strychine  may  be  precipitated  by  ammonia,  and  being  dis« 
solved  in  spirit  of  wine,  it  crystalliases  by  spontaneous  evapo- 
ration in  small,  white,  four-sided  prisms. 

Strychnine  has  an  intensely  bitter,  somewhat  metallic  taste; 
it  requires  7000  parts  of  cold  water  for  solution,  and  yet  if 
one  part  of  this  be  diluted  with  100  parts  more  of  water,  this 
liquor  tastes  strongly  bitter;  it  is  insoluble  in  absolute  alco- 
hol and  in  ether,  but  dissolves  readily  in  spirit  of  wine.  With 
acids  strychnine  unites,  forming  well  characterized  and  crys- 
tallisable  salts ;  it  differs  from  the  other  vegetable  alkalies, 
in  containing  two  atoms  of  nitrogen  in  its  equivalent.  With 
chlorine  strychnine  gives  a  white  precipitate;  also  with  tannin ; 
when  completely  pure,  it  is  not  reddened  by  nitric  acid,  but 
such  as  it  exists  in  commerce,  it  generally  is  so,  owing  to  -the 
presence  of  traces  of  brucine. 

Muriate  of  Strychnine. — Stc. + HCl.  Crystallises  in  crowd- 
ed rhombic  needles,  which  dissolve  readily  in  water.  With 
corrosive  sublimate,  with  bichloride  of  platinum ;  and  with 
cyanide  of  mercury  it  gives  insoluble  double  salts. 

Hydrocyanate  of  Strychnine  is  obtained  by  dissolving 
strychnine  in  prussic  acid  ;  it  crystallizes  in  needles,  which 
are  decomposed  even  by  a  gentle  heat.  If  solution  of  sul- 
phocyanide  of  potassium  be  added  to  a  solution  of  any  salt 
of  strychnine,  the  liquor,  when  agitated,  deposits  the  su^ho- 
eyanate  of  strychnine  in  fine  radiated  needles,  which  are  inso- 
luble in  water.  By  this  means  one  part  of  strychnine  may  be 
recognized  in  375  of  water,  and  hence  Artus  has  proposed 
this  reaction  as  the  best  medico-legal  test  for  strychnine. 

Sulphate  of  Strychnine  forms  small  cubic  crystals,  which 
contain  4*Aq.  and  are  soluble  in  ten  parts  of  water. 
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The  characters  of  the  nitrate  of  strychnine  h^re  been  de- 
scribed in  the  method  of  preparing  the  alkaloid. 

Strychnine  isi  perhaps,  after  pure  prussic  acid,  the  most 
intense  of  poisons.    It  kills  by  producing  tetanus. 

Brucine.—i^iC^U^Os  or  Br  Equiv.  408,  or  5107. 

This  substance  is  found  associated  with  strychine,  as  al* 
ready  described,  and  also  in  the  bark  of  the  false  augustura, 
which  is  now  known  to  be  the  strychnos  nux  vomica,  though 
formerly  supposed  to  be  the  brucia  antidysenterica,  whence 
the  name  of  this  alkaloid  is  derived.  Its  mode  of  preparation 
from  the  nux  vomica  has  been  sufficiently  described  in  the 
preceding  article. 

From  its  solution  in  spirit,  brucine  crystallizes  in  colour- 
less rhombs,  containing  water,  which  they  abandon  on  melt- 
ing at  2Sff*.  It  dissolves  in  650  parte  of  cold,  and  in  500 
parts  of  boiling  water ;  these  solutions  react  alkaline,  and 
taste  intensely  bitter ;  it  dissolves  readily  in  alcohol^  but  is 
insoluble  in  ether. 

With  nitric  acid,  brucine  becomes  of  a  rich  red  colour, 
which,  on  the  addition  of  protochloride  of  tin,  changes  to  a 
fine  violet;  this  distinguishes  it  from  the  red  of  morphia, 
which  is  completely  bleached  by  protochloride  of  tin  and  by 
sulphurous  acid. 

With  chlorine,  brucine  giveft  a  yellowish- red,  and  with 
iodine  a  chocolate  brown  precipitate. 

The  salte  of  brucine  have  a  bitter  taste,  are  generally  crys- 
talUzable,  and  give  with  tannin  and  with  ammonia  white  pre- 
dpitates. 

TAe  Curaroj  or  Urari  poison,  used  in  the  Indian  Archi- 
pelago for  poisoning  arrows,  contains  a  vegetable  alkaloid, 
curarwe^  which  forms  a  yellow  uncrystallizable  mass,  which 
disadves  easily  in  water  and  in  alcohol,  but  is  insoluble  in 
ether ;  it  reacts  alkaline  and  combines  with  acids ;  its  salts 
do  not  crystallize ;  its  solution  is  precipitated  by  tannic  acid. 

The  tree  from  which  curara  is  derived,  is  not  accurately 
known,  but  is  supposed  to  be  a  strychnos. 

Delphinin.—^C„YLx^O^  or  De.  Equiv.  2659  or  212-4.— 
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This  substance  is  extracted  from  the  seeds  of  the  stavesacre, 
delphinium  staphisagriai  by  digestion  in  water,  to  which 
some  sulphuric  acid  had  been  added.  The  acid  liquor  is  to 
be  decomposed  by  a  slight  excess  of  magnesia,  and  the  pre- 
cipitate being  washed  and  dried,  is  to  be  boiled  in  alcohol, 
which  dissolves  the  delphinine.  To  obtain  it  quite  pure  it  is 
to  be  redissolTcd  in  a  dilute  acid,  boiled  with  animal  char- 
coal, filtered,  precipitated  with  ammonia,  and  the  precipitate 
dissolved  in  alcohol,  from  which  the  delphinine  separates  on 
cooling  as  a  white  crystalline  powder. 

It  is  soluble  in  ether  and  alcohol;  almost  insoluble  in 
water ;  its  solution  has  an  intolerably  sharp  taste  ;  it  melts  at 
250** ;  chlorine  turns  it  green ;  oil  of  vitriol  colours  it  red, 
and  then  carbonizes  it ;  its  salts  are  very  soluble,  but  crys- 
tallize badly ;  Courbe  states  that  the  stavesacre  contains  also 
a  substance  Hephy9aini(iiiCjfi^O^A)yyif\i\c\i  is  distinguished 
by  its  insolubility  in  ether ;  it  is  a  yellow  resinous  mass,  in- 
Bolnble  in  water,  but  dissolving  in  dilute  acids  without  neu- 
tralizing them. 

FtfTO/riiie.— NC54H«iOe.  or  Ve,  Equiv.  8647  or  289. 

This  alkaloid  is  found  in  the  roots  of  the  veratrum  album, 
and  in  the  seeds  of  the  veratrum  sabadilla ;  the  best  process 
for  its  extraction  is  that  given  by  Vasmer. 

The  sabadilla  seeds  are  to  be  infused  in  water,  con- 
taining an  ounce  of  oil  of  vitriol  for  each  pound  of  seeds,  as 
long  as  anything  is  dissolved.  The  filtered  liquor  is  wine- 
yellow  ;  it  is  to  be  accurately  neutralized  by  carbonate  of 
soda,  and  evaporated  to  the  consistence  of  an  extract. 
While  yet  warm,  alcohol  is  to  be  poured  on  it,  and  digested 
until  everything  soluble  is  taken  up.  From  this  solution  the 
alcohol  is  then  to  be  distilled  oflT,  the  residue  digested  in  di- 
lute sulphuric  acid,  and  from  this  liquor  the  veratria  preci- 
pitated by  carbonate  of  soda.  The  precipitate  must  be  redis- 
solved  in  a  dilute  acid,  digested  with  ivory  black,  and  again 
precipitated  by  a  carbonated  alkali  in  order  to  obtain  it  pure. 

Pure  veratrine  appears  as  a  white  uncrystallized  resinous 
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powder ;  it  melts  at  230°/  reacts  alkaline,  has  no  smell,  but 
produces  violent  sneezing;  its  taste  is  exceedingly  sharp, 
but  without  bitterness ;  it  is  insoluble  in  water,  but  dissolves 
readily  in  alcohol  and  ether;  its  salts  are  mostly  crystal- 
lizable  and  neutral,  but  if  mixed  with  much  water  they  are  de- 
composed, acid  being  set  free  and  a  basic  salt  precipitating. 
Veratrine  itself  is  actively  poisonous,  and  is  much  used  in  me- 
dicine, but  none  of  its  salts  are  important. 

iSa6arfi7/fi»^.— NCaoHiaOi,  or  Sa.Equiv.  2351,  or  188-1. 

This  body  which  accompanies  veratrine,  is  separated 
from  it  by  boiling  the  precipitate  produced  by  the  carbonate 
of  soda  with  water.  From  the  liquor  the  sabadilline  gradu- 
ally separates  in  radiated  crystalline  needles,  of  a  pale  rose 
colour,  but  when  purified  it  becomes  white ;  its  taste  is  in- 
tolerably sharp ;  it  is  sparingly  soluble  in  water  or  in  ether, 
but  abundantly  soluble  in  alcohol ;  it  reacts  strongly  alkaUne, 
and  forms  crystallizable  salts  with  acids. 

Jerw».— NaCeoHsOe,  or  Je.  Equiv.  5952,  or  476. 

This  alkaloid  accompanies  veratrine  in  veratrum  album  ; 
it  is  prepared  by  a  process  similar  to  that  for  veratrine,  from 
which  it  is  separated  by  the  facility  with  which  it  crystallizes 
from  its  alcoholic  solution,  and  by  the  very  sparing  solu- 
bility of  its  sulphate.  When  pure  it  is  white,  easily  fusible, 
totally  decomposed  at  400°,  nearly  insoluble  in  water,  but 
copiously  soluble  in  alcohol.  Of  its  salts,  the  sulphate,  ni- 
trate and  muriate,  are  sparingly  soluble  in  water  or  in  mi- 
neral acids;  the  acetate  dissolves  readily.  Muriate  of  jervin 
forms  with  bichloride  of  platinum  a  very  sparingly  soluble 
double  salt.  Crystallized  jervin  contains  4  Aq. 

Colchicine. — (Formula  not  established). 

This  alkaloid  is  obtained  from  the  seeds  of  the  meadow 
saffron  (colchicum  autumnale),  by  digestion  in  a  mixture  of 
weak  alcohol  and  sulphuric  acid.  The  excess  of  acid  in 
the  liquor  is  to  be  then  neutralized  by  lime,  and  the  alcohol 
distilled  off.    The  residual  liquor  is  to  be  decomposed  by 
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carbonate  of  potash  in  excess,  the  precipitate  washed,  dried, 
dissolved  in  absokite  alcohol,  decolorized  by  animal  char- 
coal, and  gently  evaporated ;  a  few  drops  of  water  being 
added.  The  pure  colchicine  crystallizes  in  colourless  needles. 
Its  taste  is  intensely  bitter,  but  not  biting,  like  that  of  vera- 
trine,  nor  does  it  produce  the  violent  sneezing ;  it  is  pretty 
soluble  in  water,  and  very  soluble  in  alcohol  and  ether ; 
its  solution  reacts  feebly  alkaline,  but  neutralizes  acids  per- 
fectly. Tincture  of  iodine  precipitates  it  of  a  rich  orange 
colour.  Nitric  acid  colours  it  dark  violet  and  blue.  Though 
most  abundant  in  the  seeds,  all  parts  of  the  meadow  saffron 
contain  colchicine. 

Emetin. — (Formula  not  established).— This  substance  ex- 
ists in  all  those  plants,  whose  roots  are  sent  into  commerce 
under  the  name  of  ipecacuanha,  or  hippo.  The  roots  are  to  be 
powdered  and  digested  in  ether,  by  which  a  fatty  substance 
is  taken  up.  They  are  then  to  be  boiled  with  alcohol,  the 
decoction  mixed  with  water  and  the  spirit  distilled  off.  The 
residual  liquor  is  to  be  filtered  and  then  boiled  with  mag- 
nesia ;  the  precipitate  is  to  be  dried  and  digested  in  alcohol, 
which  dissolves  the  emetin.  This  solution  is  to  be  evapo- 
rated to  dryness,  the  residue  dissolved  in  a  dilute  acid,  the 
liquor  boiled  with  ivory  black,  until  ^completely  decolorized, 
then  filtered,  and  the  emetin  precipitated  by  an  alkali. 

When  completely  pure,  emetin  is  white  and  nearly  taste- 
less; it  is  very  poisonous;  scarcely  soluble  in  water  or  in 
ether ;  it  dissolves  readily  in  alcohol ;  it  possesses  strong 
alkaline  properties ;  its  salts  are  completely  neutral,  but  can- 
not be  crystallized;  they  dry  down  to  gummy  masses.  Tannic 
acid  and  corrosive  sublimate  produce  white  precipitates; 
iodine,  bichloride  of  platinum,  brownish  yellow-precipitates, 
with  the  salts  of  emetin. 

Sotenin^.— NC48H,30a8  or  So.  Equiv.  7519,  or  60 1. 

This  alkaloid  is  found  in  the  berries  of  the  solanum 
nigrum;  in  the  berries,  leaves,  and  stems  of  tlie  solanum 
dulcamara  (bitter-sweet),  and  tuberosum  (potato). 
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The  powdered  stems  of  bitter-sweet  are  to  be  digested 
with  jspirit  of  sp.  gr.  0*865,  mixed  with  one-third  of  sul- 
phuric acid.  The  liquid  is  to  be  supersaturated  with  milk 
of  limC}  the  spirit  distilled  off^  the  residue  washed  with  water, 
and  what  remains  treated  with  dilute  sulphuric  acid.  From 
the  solution  thus  obtained  the  solanine  is  to  be  precipitated 
by  an  alkali,  washed  with  water,  dissolved  in  alcohol,  deco- 
lorized by  animal  charcoal,  and  then  obtained  by  evapora- 
tion. It  forms  a  white  brilliant  powder,  of  a  slightly  bitter, 
nauseous  taste ;  it  does  not  brown  turmeric,  but  restores  the 
blue  colour  of  reddened  litmus ;  it  melts  a  little  above  21^; 
it  is  almost  insoluble  in  water,  sparingly  soluble  in  ether, 
but  copiously  in  alcohol.  With  acids  it  forms  neutral  salts, 
which  do  not  crystallize,  and  are  strong  narcotic  poisons* 

The  injurious  properties  of  unripe  potatoes  result  from 
the  presence  of  this  body.  It  exists  abundantly  in  the  early 
shoots  (underground)  and  buds  of  the  tubers. 

Chekrythrine, — (Formula  not  established). 

This  substance  is  extracted  from  the  roots  of  the  chelido- 
nium  majus,  by  digestion  with  dilute  sulphuric  acid.  The 
liquor  so  obtained  is  to  be  evaporated  and  mixed  with  am- 
monia. The  brown  precipitate  which  falls  is  to  be  washed, 
pressed  between  folds  of  paper,  and  digested  in  alcohol,  with 
some  sulphuric  acid.  The  alcoholic  solution  being  mixed 
with  water,  and  the  spirit  distilled  off,  the  residual  liquor  is 
precipitated  by  ammonia,  and  the  preeipitate  being  washed 
and  dried  by  pressure  is  to  be  digested  in  ether,  and  the 
ethereal  solution  evaporated  to  dryness.  The  mass  so  ob- 
tained is  then  digested  in  dilute  muriatic  acid,  which  leaves 
a  resinous  substance  undissolved.  The  deep  red  liquor  eva- 
porated to  dryness,  and  washed  with  ether,  leaves  a  mixture 
of  muriate  of  chelery  thrine  and  muriate  of  cheledonine ;  the 
former  of  which  is  dissolved  by  washing  with  a  small  quan- 
tity of  water,  whilst  the  latter  remains  undissolved. 

From  the  solution  of  the  muriate,  the  chelerythrine  is 
precipitated  by  ammonia,  as  a  white  curdy  powder.    From 
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its  ethereal  solution  it  remains  as  a  resinous  mass^  wbich 
remains  soft  for  a  long  time ;  it  is  insoluble  in  water ;  its 
solutions  in  alcohol  and  ether  are  pale  yellow.  With  acids 
it  forms  salts  of  a  rich  crimson  colour  which  generally  crys- 
tallize. Tannic  acid  produces  in  their  solutions  a  precipitate 
soluble  in  alcohol. 

C/Mr/kfontm?.— N3C40H90O6,  orCh. 
The  preparation  of  this  substance  has  been  in  great  part 
described  in  the  preceding  article.  By  digesting  the  spa- 
ringly soluble  muriate  with  ammonia,  then  dissolving  in 
sulphuric  acid  and  precipitating  with  muriatic  acid^  it  is 
freed  from  all  traces  of  chelerythrine^  and  finally  the  pure 
chelidonine^  separated  by  ammonia,  is  dissolved  in  boiling 
alcohol,  from  which  it  crystallizes,  on  cooling,  in  brilliant 
colourless  tables.  It  is  insoluble  in  water,  soluble  in  alcohol 
and  ether;  it  tastes  bitter  and  reacts  alkaline;  its  salts  are 
colourless,  and  those  with  the  mineral  acids  crystallize ;  its 
solutions  give  with  tannic  acid  a  precipitate. 

Acomtin. — (Formula  not  established). 

The  fresh  expressed  juice  of  the  monkhood  (aconitum 
napellus)  is  to  be  boiled  and  filtered,  and  the  clear  liquor 
mixed  with  an  excess  of  carbonate  of  potash.  The  mixture 
is  to  be  agitated  with  ether  as  long  as  anything  is  taken  up, 
and  by  evaporating  this  solution  the  aconitin  remains.  From 
the  dry  plant,  or  from  the  seeds,  the  aconitin  may  be  ob- 
tained by  processes  similar  to  those  described  for  veratrine 
and  colchicin. 

Aconitin  partly  crystallizes  from  its  ethereal  or  alcoholic 
solution  in  white  grains,  but  for  the  most  part,  forms  a 
colourless,  vitreous-looking  mass ;  it  tastes  sharp  and  bitter, 
and  is  intensely  poisonous ;  it  reacts  strongly  alkaline,  and 
neutralizes  the  strongest  acids ;  alkalies  precipitate  its  solu- 
tion white;  chloride  of  gold  and  tannic  acid  also  give  white 
precipitates,  and  iodine  throws  it  down  orange. 
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Atropine. — NC34H23O6,  or  At. 

This  alkaloid  exists  in  all  parts  of  the  atropa  helladonna^ 
but  most  abundantly  in  the  roots.  To  prepare  it,  the  fresh 
roots  are  to  be  powdered  and  digested  in  alcohol,  of  specific 
gravity,  0*820.  The  liquor  obtained  is  to  be  mixed  with 
lime,  in  the  proportion  of  one  part  to  twenty-four  parts  of 
roots,  and  laid  aside  for  twenty-four  hours  with  frequent 
agitation ;  the  mixture  is  to  be  then  filtered,  and  the  deposit 
treated  with  dilute  sulphuric  acid :  the  filtered  solution  is 
distilled,  and  the  spirit  being  thus  removed,  the  residual 
liquor  is  concentrated  by  evaporation,  until  it  equals  one- 
twelfth  of  the  roots  employed.  To  this  liquor,  when  cold,  is 
to  be  added  a  strong  solution  of  carbonate  of  potash,  until  a 
dirty  brown  precipitate  occurs,  which  is  to  be  removed  by 
the  filter,  and  then  more  carbonate  of  potash  added  as  long  as 
any  precipitate  is  formed.  This  last,  which  is  impure  atro- 
pine, is  to  be  washed  with  water,  then  dried,  and  dissolved 
in  strong  alcohol,  the  solution  decolorized  by  boiling  with 
animal  charcoal,  filtered,  and  gradually  evaporated,  whereby 
the  atrdpin  separates  in  small  white  silky  prisms. 

The  taste  of  atropin  is  sharp,  bitter,  and  metallic.  It 
dilates  the  pupil  permanently  and  strongly;  if  impure,  it  is 
brown,  does  not  crystallize,  and  has  a  horrible  smell,  but  if 
quite  pure,  it  has  no  smell;  it  requires  2000  parts  of  cold 
water  for  solution,  but  dissolves  in  thirty-four  parts  of  boiling 
water,  from  which  some  crystallizes  by  cooling,  but  the 
greater  part  is  totally  decomposed  ;  it  dissolves  readily  in 
alcohol  and  ether. 

The  alkaline  properties  of  atropin  are  feeble ;  most  of  its 
salts  are  decomposed  by  boiling  with  water  into  ammonia  and 
a  substance  of  an  excessively  disagreeable  smell ;  this  de- 
composition is  instantly  effected  by  the  caustic  fixed  alkalies. 
Most  of  the  salts  of  atropin  crystallize ;  tannic  acid  precipi- 
tates their  solutions  white;  the  chlorides  of  platinum  and 
gold,  yellow  ;  and  iodine  orange-yellow. 

Belladonine. — (Formula  not  established).  The  dried  root 
of  belladonna,  is  to  be  mixed  with  a  strong  solution  of  caustic 
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potash  and  rapidly  distilled ;  the  distilled  liquor  is  to  be  de- 
composed by  bichloride  of  platinum^  and  the  white  precipi- 
tate which  forms  being  washed  and  dried^  is  to  be  mixed 
with  carbonate  of  potash  and  gently  heated.  Belladonine 
sublimes  and  condenses  in  colourless  rectangular  prisms^  with 
a  penetrating  odour  like  ammonia ;  it  dissolves  in  water,  the 
solution  reacts  alkaline ;  it  is  not  very  poisonous ;  its  salts  re- 
semble closely  the  corresponding  salts  of  ammonia. 

It  appears  to  me  likely^  that  this  substance  is  a  product 
of  the  decomposition  of  the  atropine  by  the  caustic  potash, 
and  does  not  exist  in  the  plant. 

Daiurine. — This  substance  is  obtained  from  the  seeds  of 
the  thorn  apple  (datura  stramonium)^  by  the  same  process  as 
has  been  described  for  the  preparation  of  aconitine.  From 
its  solution  in  spirit^  it  crystallizes  in  very  brilliant,  colourless 
groups  of  needles.  When  perfectly  pure>  it  is  inodorous, 
but  when  impure,  it  smells  disgustingly  narcotic ;  its  taste  is 
bitter,  and  like  that  of  tobacco;  it  dissolves  in  seventy-two 
parts  of  boiling,  and  in  250  of  cold  water,  in^  twenty  one  of 
ether,  and  in  three  of  alcohol ;  it  melts  below  212%  and  vola- 
tilizes unchanged  at  a  stronger  heat  in  white  clouds. 

A  solution  of  daturine  reacts  strongly  alkaline,  and  forms 
crystallizable  neutral  salts,  which  like  pure  daturiue.  are  very 
poisonous.    Towards  reagents  it  acts  like  atropin. 

Hyo9cyamine. — ^This  alkaloid,  which  is  the  active  prin- 
ciple of  the  henbane  (hyoscyamus  niger  and  albus),  is  best 
prepared  from  the  seeds,  in  the  same  way  as  atropine,  except 
that  to  the  spirit  in  which  the  seeds  are  digested  some  sul- 
phuric acid  should  be  added.  It  crystallizes  in  radiated 
groups  of  silky  needles,  but  is  more  usually  obtained  as  a 
transparent  vitreous  mass.  In  its  properties  it  resembles  so 
perfectly  atropin  and  daturin,  that  they  need  not  be  specially 
detailed.  It  neutralizes  acids  perfectly;  its  salts  are  in- 
tensely poisonous ;  they  are  decomposed  very  easily  even  by 
boiling  with  water. 
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Coneine.— aCiiliuO,  or  Cn.  Equiv.  1359, or  108-7. 

This  remarkable  substance  is  the  active  principle  of  the 
hemlock  (conium  maculatum)^  in  all  parts  of  which  it  exists, 
but  is  more  easily  extracted  from  the  seeds.  These  are  to 
be  bruised,  mixed  with  one^fourth  of  a  strong  solution  of 
caustic  potash,  and  eight  parts  of  water,  and  distilled  as  long 
as  the  water  which  comes  over  has  any  smeiL  This  is  to  be 
neutralized  by  dilute  sulphuric  acid,  and  evaporated  to  the 
consistence  of  a  sirup.  The  residue  is  treated  two  or  three 
times  with  a  mixture  of  one  part  of  ether  and  two  of  alcohol, 
sp.  gr«  0*820,  wherein  the  sulphate  of  coneine  dissolves. 
From  this  solution  the  ether  and  spirit  are  distilled  off,  then 
some  water  added,  and  the  liquor  evaporated  to  dryness. 
The  residue  is  to  be  mixed  with  half  its  weight  of  strong 
solution  of  potash,  and  rapidly  distilled  to  dryness.  The 
receiver  should  be  carefully  cooled.  The  oily  coneine  should 
be  separated  from  the  watery  liquor,  and  this  last  distilled 
again  with  some  lime.  If  the  coneine  contain  ammonia,  it 
may  be  gotten  rid  of  by  exposure  for  a  few  hours  in  vacuo, 
beside  a  capsule  of  oil  of  vitriol. 

Pure  coneine  is  a  colourless  transparent  liquid,  of  sp.  gr. 
0*89 ;  its  odour  is  highly  penetrating  and  nauseating,  partly 
like  that  of  the  plant ;  its  taste  is  disgustingly  sharp ;  it  is 
extremely  poisonous.  100  parts  of  cold  water  dissolve  one 
of  coneine,  and  the  solution  becomes  turbid  when  heated. 
Coneine  itself  dissolves  one-fourth  of  water,  and  this  liquor 
becomes  milky  even  by  the  heat  of  the  hand ;  it  mixes  with 
alcohol,  ether,  and  oils  in  all  proportions ;  in  close  vessels  it 
distils  unaltered  at  370^,  but  at  a  much  lower  temperature 
if  water  be  present.  When  completely  anhydrous,  coneine 
has  no  alkaline  properties,  but  acts  very  powerfully  when 
water  is  present ;  it  saturates  acids  completely  and  has  the 
smallest  atomic  weight  of  any  organic  alkali  known.  Its  salts 
crystallize  but  imperfectly;  they  are  decomposed  by  much 
water ;  they  dissolve  readily  in  water,  alcohol,  or  a  mixture 
of  alcohol  and  ether ;  but  in  pure  ether  they  are  insoluble. 
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Their  watery  solution  is  precipitated  by  iodine,  saffron- 
yellow  ;  and  by  tannic  acid  white.  Coneine  itself  is  coloured 
by  nitric  acid  blood-red ;  by  exposure  to  the  air,  especially 
if  warm,  coneine  is  decomposed ;  it  becomes  brown,  am- 
monia is  evolved,  and  a  bitter,  inodorous,  resinous  substance 
is  produced,  which  has  no  poisonous  properties. 

Nicotin. — (Formula  not  established). 

This  substance  is  the  characteristic  ingredient  of  tobacco, 
(nicotiana  tabacum,  and  many  other  species).  For  its  pre- 
paration, precisely  the  same  process  is  to  be  followed  as 
has  been  described  for  coneine,  to  which  it  has  very  great 
similarity.  When  pure,  nicotin  is  a  colourless  oily  liquid, 
of  a  pungent  tobacco  smell;  and  a  sharp  burning  taste ;  it 
differs  from  all  other  organic  bases  in  mixing  with  water  in 
all  proportions ;  it  mixes  also  with  alcohol  and  ether.  When 
anhydrous,  it  gives  off  white  fumes  at  212^,  and  distills  at 
480°;  but  the  greater  part  of  it  is  decomposed.  If  water  be 
present  it  distills  easily  at  a  much  lower  temperature. 

Nicolin  possesses  a  strong  alkaline  reaction,  and  neu- 
tralizes acids  perfectly.  Its  salts  are  generally  very  soluble, 
some  crystallizable,  inodorous,  but  with  a  strong  tobacco 
taste.  With  alkalies  they  evolve  the  characteristic  odour  of 
the  plant. 

Menispermme. — NCigHuOj.  This  substance  is  found  in 
the  capsules  of  the  cocculus  indicus,  associated  with  picro^ 
toxine  (page  1026).  The  alcoholic  extract  is  to  be  boiled  with 
acidulated  water,  and  when  the  picrotoxine  has  crystallized 
from  the  filtered  liquor,  an  excess  of  an  alkali  is  to  be  added. 
The  precipitate  is  to  be  dissolved  in  alcohol,  decolorized  by 
animal  charcoal,  and  evaporated  to  dryness.  The  residue  is 
to  be  digested  with  ether,  which  dissolves  menispermine,  and 
leaves  another  body,  paramenispermine,  undissolved. 

From  the  ethereal  solution,  menispermine  crystallizes  in 
white  square  prisms.  It  is  tasteless  and  not  poisonous ;  it 
forms  neutral  crystallizable  salts.  The  paramenispermine 
dissolves  in  acids  but  does  not  neutralize  them. 
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Cissampetin  exists  in  the  roots  of  the  cissampelos  pareira 
(pareira  brava),  and  is  prepared  by  the  same  kind  of  pro- 
cess that  has  been  frequently  described.  From  the  evapora- 
tion of  its  ethereal  solution,  it  remains  as  a  yellowish,  trans* 
parent,  vitreous  mass,  which  combines  with  water,  forming  a 
white  powder  like  magnesia.  It  is  very  easily  decomposed ; 
it  is  a  powerful  organic  base ;  its  salts  form  gummy  masses, 
but  scarcely  crystallize. 

Glaucin  exists  in  the  glaucium  luteum  (horned  poppy). 
Its  preparation  is  similar  to  that  of  aconitin ;  it  crystallizes 
in  pearly  scales ;  it  possesses  the  same  range  of  properties 
as  the  other  vegetable  bases,  and  forms  crystallizable  salts. 
The  horned  poppy  contains  another  crystalline  principle, 
(glauco-picrine),  which  appears  also  to  act  as  a  base. 

A  great  number  of  plants  are  stated  to  contain  organic 
bases,  which,  however,  have  been  as  yet  so  imperfectly  exa- 
mined and  described,  as  to  render  their  introduction  here 
useless.  Of  such  substances,  the  most  important  are ;  in  the 
croton  tiglium,  croianiney  which  is  crystalline,  but  is  not  the 
active  principle ;  in  the  s&thusa  cynapium,  cynapm^  crystal- 
line ;  and  in  the  digitaUs  purpurea,  (iigiiaUne,  which  appears 
most  to  resemble  coneine. 

Of  the  Constitution  of  the  Vegetable  Alkaloids, 

From  the  period  of  the  first  discovery  of  this  class  of 
bodies,  chemists  have  endeavoured  to  ascertain  on  what 
depended  the  basic  properties  by  which  they  are  so  remark- 
ably characterized.  The  discovery,  by  Liebig,  that  each 
equivalent  of  an  organic  base  contained  an  equivalent  of 
nitrogen,  suggested  the  very  plausible  idea  that  they  con- 
tained ammonia  ready  formed,  and  that  in  their  salts  the 
acid  was  neutralized  by  the  ammonia,  and  the  organic  sub- 
stance remained  combined  with  the  salt  as  it  had  been  with 
the  ammonia  before.  This  idea,  however,  cannot  be  sus- 
tained, as  we  cannot  obtain  ammonia  from  any  vegetable  al- 
kaloid unless  by  processes,  which  totally  destroy  its  consti- 
tution, and  which,  indeed,  eliminate  ammonia  from  any  or- 
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ganic  substance  containing  nilrogen.  Moreover,  it  is  now 
known  that  Liebig's  rule  is  not  universally  true,  the  eqniva*- 
lents  of  strychnine  and  of  bnicine  contain  each  two  atoms  of 
nitrogen,  and  we  know  of  other  organic  bases,  as  melamine, 
amiline,  jervin,  and  urea,  in  which  the  quantity  of  nitrogen  in 
the  equivalent  goes  much  beyond  one  atom.  We  may  hence 
condude  that  there  b  no  reason  to  suppose  that  the  vege- 
table alkalies  contain  ammonia,  or  owe  their  basic  properties 
to  its  presence. 

Some  remarkably  simple  relations  of  composition  occur 
among  certain  bodies  of  this  class,  which  would  at  first  ap* 
pear  to  throw  light  upon  their  constitution.  Thus,  morpliine 
and  oodein  differ  in  composition,  only  by  morphia  containing, 
an  atom  of  oxygen  more;  and  if  we  supposed  (NC35HMO4) 
to  be  a  compound  radical,  R,  dien  codeine  should  be  pro- 
toxide, R  -t-  O,  and  morphia  deutoxide,  R  +  ^O.  In  like 
manner,  if  we  take  the  cinchona  alkalies,  we  find  them 
to  difier  only  in  the  quantity  of  oxygen  they  contain,  and 
making  (NCaoHn)  a  compound  radical,  cinchonine  should  be, 
R  ^-  O,  quinine,  R  +  20,  and  artcine,  R  +  SO.  These  re* 
markable  facts  might  lend  considerable  support  to  the  idea, 
that  these  alkaloids  are  oxygen  bases,  oxides  of  compound 
radicals,  but  a  closer  examination  of  their  relations  does  away 
with  all  probability  of  its  truth.  Thus  if  morphia  were  R  + 
S.O,  then  by  muriatic  acid  we  should  have  a  bichloride 
formed,  R  -t-  ^Cl,  and  water  separated ;  in  place  of  which  the 
morphia  combines  directly  with  one  atom  of  muriatic  acid, 
and  so  in  all  other  cases ;  we  cannot  find  in  the  compounds 
of  these  vegetable  alkalies  any  of  the  laws  which  govern  the 
formation  of  salts  by  metallic  oxides.  In  addition,  the  salts 
formed  by  these  alkaloids  with  the  oxygen  acids  contain  an 
atom  of  water,  which  cannot  be  expelled  without  decom- 
position. In  this  they  resemble  ammonia,  and  I  think  that  it 
is  the  only  analogy  which  we  can  establish  by  the  facts  at 
present  known ;  but  whether  in  these  vegetable  alkalies  the 
nitrogen  makes  part  of  a  compound  radical  analogous  to 
awidogene,  remains  to  be  decided  by  future  investigations. 


CHAPTER  XXVIIL 

OF  THE  PRODUCTS  OF  THB  DECOMPOSITION  OF  WOOD 
AND  THE  ALLIED  BODIES. 

SECTION  I. 

OF  THE  SLOW  DECOMPOSITION  OF  WOOD, — CONSTITUTION  OF 
ULMINE.  — OP  TURF  AND  COAL. 

The  gradual  decomposition  of  the  woody  tissues  of  plants 
gives  origin  to  a  class  of  bodies  which  had  been  long  con- 
founded under  the  name  of  ulmine,  but  which  are  now  recog* 
nized  to  consist  of  several  distinct  substances,  differing  in 
their  origin  and  still  more  essentially  in  their  properties. 
From  the  influence  which  they  exercise  in  agricultural  ope- 
raticMis,  by  forming  an  element  of  the  soili  and  their  impor- 
tance as  fuel,  by  constituting  the  great  mass  of  turf,  they 
deserve  a  somewhat  detailed  notice.  I  have  already  stat- 
edy  that  by  the  action  of  acids  upon  sugar,  (p.  884),  Iignine» 
starch  and  similar  bodies,  (page  877),  brown  substances  are 
produced,  the  composition  of  which  was  not  definitely  esta* 
blished.  Mulder  has,  however,  recently  re-investigated  the 
history  of  this  class  of  bodies,  and  from  his  known  accuracy 
his  results  may  be  looked  upon  as  satisfactory. 

When  sugar  is  acted  upon  by  a  very  dilute  acid,  and 
the  liquor  not  allowed  to  boil,  two  brown  substances  are 
formed,  of  which  one  is  soluble  in  solution  of  carbonate  of 
soda,  but  the  other  not.  For  these  bodies  the  names  9ac^ 
chuhnine  and  sacchulmic  acid  may  be  retained.  From  the 
alkaline  solution  the  latter  may  be  precipitated  by  any  stronger 
aed.  These  bodies  are  insoluble  in  water  and  in  alcohol. 
The  formula  of  the  sacchulmine  is  C40H16O14 ;  that  of  the 
sacchulmic  acid  is  C4«Hi40i2.   They  differ,  therefore,  in  the 
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Il  is  by  a  similar  decomposition  that  tlie  roots  and  otlier 
remains  of  plants  are  converted  into  a  substance,  which  by 
▼irtue  of  its  direct  absorption,  or  by  means  of  the  products 
of  its  further  change,  contributes  powerfully  to  the  nutrition 
of  the  succeeding  race  of  plants,  and  thereby  constitutes  the 
essential  element  of  every  fertile  soU ;  but  though,  like  ulmine, 
derived  from  the  rotting  of  vegetable  matters,  and  for  the 
most  part  of  the  same  composition,  the  organic  substance  of 
the  soil  is  by  no  means  identical  with  it.  It  would  even  ap- 
pear from  Mulder's  results,  that  the  vegetable  constituent  of 
the  soil  varies  in  composition  according  to  the  nature  of  the 
crop.  For  distinction  I  shall  apply  to  the  nlmic  add  of  the 
s<hI  the  name  of  geie  iictd^  proposed  by  Berselius*  To  ex- 
tract it,  the  soil  is  washed  with  boiling  water  until  this  passed 
away  quite  clear,  and  then  boiled  with  carbonate  of  soda; 
the  brown  filtered  liquor  is  precipitated  by  muriatic  acid,  and 
the  precipitate  boiled  with  alcohol  to  dissolve  out  two  or- 
ganic acids,  which  will  be  shortiy  described.  In  this  state, 
the  substance  is  really  an  ammoniacal  salt ;  its  formula  being 
C40H19O1S  +  NH3  +  4.HO.  and  even  by  caustic  potash  it 
cannot  be  completely  deprived  of  ammonia.  In  the  geic  acid 
of  a  meadow,  the  same  organic  element  was  found  to  be 
united  with  twice  as  much  ammonia,  and  in  one  case,  where 
the  substance  had  been  obtained  from  the  soil  of  an  orchard, 
the  geic  acid  had  the  formula  C^qHuOh.  The  geic  acid^ 
C^tHisOis,  though  isomeric  with  the  saccharo-humic  and 
ulmic  acidsi  is  proved  not  to  be  identical  by  numerous  minor 
characters,  which  need  not  be  described  here. 

In  that  decomposition  of  vegetable  matter  which  gives 
origin  to  turf,  water  is  present  in  much  greater  quantity  than 
in  any  of  the  former  cases,  in  many  instances,  the  plants  being 
totally  immersed,  and  so  matted  together,  from  their  mode  of 
growth,  that  the  access  of  air  must  be  very  much  prevented. 
Hence  we  no  longer  find  in  turf  the  comparatively  simple  de^ 
composition  of  the  wood  into  an  ulmine  and  an  ulmtc  acid, 
but  in  addition  to  these  bodies,  the  turf  allies  itself  to  the 
varieties  of  coal,  in  containing  several  kinds  of  fossil,  resinous 
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and  waxy  substances,  which  are  produced  by  secondary  and 
more  complicated  reactions.  Here  it  is  necessary,  however, 
to  describe  only  such  constituents  of  the  turf  as  are  analogous 
to  those  already  noticed,  and  for  distinction  I  shall  term  them 
humous  and  humic  (Mcids*  The  former  is  found  principally  in 
the  light  pale  brown  turf,  which  is  not  imbedded  in  water» 
the  latter,  on  the  contrary,  in  the  heavy  black  turf,  to  which 
water  has  had  free  access.  They  are  prepared  precisely  as 
noticed  for  the  geic  acid  ;  the  turf  containing  in  abundance 
the  same  organic  acids  soluble  in  alcohol,  as  does  vegetable 
soil. 

Tie  Humous  Acid  resembles  perfectly  in  its  properties 
the  sacchulmic  acid,  with  which  it  is  isomeric,  its  formu«* 
la  being  C40H14O12,  but  it  has  no  tendency  to  retain  am* 
monia  when  precipitated  by  an  acid  from  its  oombioation  with 
that  alkali.  The  humic  ctcid,  on  the  contrary,  combines  with 
ammonia,  so  intimately  that  they  cannot  be  separated  by  any 
reagent,  and  it  even  absorbs  ammonia  in  the  laboratory,  from 
the  small  quantity  of  the  gas  which  may  be  set  free  in  other 
operations.  As  extracted  from  the  black  turf,  its  formuk  ie 
C40H15O15  +  NH4O.  It  is,  therefore,  when  free  from  am- 
monia, isomeric,  with  the  saccbaro^humine,  but  differs  totally 
in  composition  from  the  saccharo-humic  acid  with  which  it  is 
so  identified  in  properties. 

The  azotized  acids  which  have  been  noticed  as  existing  in 
vegetable  soil,  and  in  turf,  are  termed  the  crenic  and  apocre^ 
nic  acids;  they  derive  their  origin  from  the  rotting  of  tliose 
elements  of  the  plant  which  contain  nitrogen,  as  albumen, 
&c.,  and  are  formed  also  in  the  decomposition  of  animal  sub* 
stances  under  peculiar  circumstances  ;  thus  certain  soft 
minerals,  as  polishing  slate  and  rotten-stone,  contain  so 
much  organic  matter  as  to  be  used  for  food  in  time  of  dis«> 
tress  in  the  north  of  Europe,  and  Berzelius  found  this  to 
consist  of  crenic  acid,  formed  from  the  bodies  of  the  micro* 
scopic  animals,  whose  silicious  skeletons  constitute  the  mi- 
neral portion  of  the  rock. 

These  acids  were  first  discovered  in  mineral  springs. 
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whence  their  name  (KyMrvii)^  And  are  most  easily  obtained 
pure  from  the  ochery  deposits  which  form  on  the  sides  of  the 
spring,  and  in  which  they  are  combined  with  oxide  of  iron 
and  silica.  They  are  separated  by  means  of  their  copper 
■alts,  the  white  crenate  of  copper  being  soluble,  whOst  the 
brown  apocrenate  of  copper  is  insoluble  in  a  liquor  contain- 
ing free  acetic  acid ;  from  the  copper  salts  they  may  be  set 
free  by  sulphuretted  hydrogen. 

The  Crenic  Acid  is  a  pale  yellow  gummy  mass,  of  an 
astringent  taste,  very  soluble  in  alcohol  and  water ;  its  for- 
mula is  NCuHteOis;  by  exposure  to  the  air,  it  changes  into 
apoeremcadd;  this  is  brown,  of  an  astringent  taste,  reddens 
litmus,  and  is  much  less  soluble  in  alcohol  and  water  than 
the  crenic  add ;  its  formula  is  N«C98Hi406* 

The  relations  of  these  acids,  and  of  the  several  species  of 
olmine  to  the  nutrition  of  plants  will  be  hereafter  considered. 

The  circum^ances  under  which  coal  is  formed  have  been 
already  noticed  generally,  in  pp.  787  and  938,  but  it  re- 
mains to  examine  specially  the  mode  of  decomposition  to 
which  the  wood  is  subjected  during  that  change.  The  coal 
appears  to  require  for  its  production,  that  the  ligneous  fibre 
should  be  in  presence  of  water,  with  little  or  no  access  of 
air,  and  that  in  most  cases  the  temperature  shall  be  ele- 
vated. Thus  whilst  ulmine  is  produced  when  the  woody 
material  is  on  the  surface,  or  at  least  only  immersed  in 
water,  the  formation  of  any  of  the  varieties  of  coal  re- 
quires the  conjoined  influence  of  moisture,  of  great  pressure, 
arising  from  the  superposition  of  beds  of  rock  or  soil,  of  a 
high  temperature,  given  by  the  proximity  of  volcanic  foci,  or 
generated  by  the  decomposition  of  the  wood  itself,  and 
finally,  that  the  access  of  air  shall  be  much  more  limited 
than  in  the  former  cases.  Then,  according  to  the  age  of  the 
geological  formation,  the  nature  of  the  superincumbent 
rock,  and  the  degree  to  which  the  temperature  is  raised,  the 
coaly  material  varies  in  composition.  The  more  recent  spe- 
cies (lignite  or  fosM  wood)  which  peculiarly  belong  to  the 
tertiary  formations,  are  characterized  by  the  perfect  preser- 
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vation  of  the  organized  structure  of  the  woocU  and  a  more  or 
less  deep  brown,  but  not  black  colour.  Their  composition 
may  generally  be  expressed  by  formulae  which  indicate  that, 
without  any  absorption  of  oxygen  from  an  external  source, 
the  wood  has  given  off  carbonic  acid  and  water.  In  the 
coals  of  the  secondary  strata  (the  proper  coal  formation) 
great  diversity  of  constitution  exists,  depending  on  local 
circumstances.  It  would  appear,  that  where  the  conver- 
sion from  lignite  into  true  coal  is  perfect,  the  proportion  of 
carbon  and  hydrogen  becomes  uniformly  C32Hi3 ;  these 
elements  being  united  with  smaH  quantities  of  oxygen,  gene- 
rally amounting  to  from  thhse  to  five  atoms.  The  cannell 
coal  of  Wigan,  the  splint  coal  of  Workington,  and  the  caking 
coal  of  Newcastle  have  been  ascertained,  by  Johnstone,  to 
be  so  constituted.  Here,  also,  the  change  arises  from  the 
elimination  of  the  elements  of  water  and  carbonic  acid  from 
the  wood,  as  CaeHa4034  produces  exactly,  4.C0a  and  12.H0, 
with  C32His04. 

When  the  mass  of  decomposing  vegetable  matter  has 
been  subjected  to  a  very  high  temperature,  as  by  the  di- 
rect contact  of  volcanic  rocks,  it  becomes  almost  completely 
carbonized,  and  the  variety  of  coal  termed  anikracite  is 
formed.  The  small  quantity  of  hydrogen  and  oxygen  which 
anthracite  contains,  can  only  be  referred  to  traces  of  the 
proper  coal  that  have  escaped  decomposition,  and  if  pure, 
it  would  be  a  mineral  coke  identical  in  nature  with  the  coke 
artificially  prepared. 

The  formulae  here  given  as  expressing  the  constitution  of 
the  products  of  the  decomposition  of  wood,  are  to  be  con- 
sidered only  as  illustrative  of  the  kind  of  reaction  which  goes 
on  between  its  elements ;  for  none  of  these  products  are 
pure  chemical  substances;  they  form  no  definite  compounds ; 
they  have  no  precise  equivalent  number,  and  hence  it  is 
only  for  illustration  that  a  formula  can  be  legitimately  em- 
ployed to  express  their  composition. 

The  following  table  contains  the  ordinary  composition  of 
the  most  important  varieties  of  coal  and  turf.    The  numbers 
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given  were  selected  fnmi  those  obtained  in  the  analyses  by 
Richardson  and  Regnault. 


Kind  of  Pad. 

CwlM». 

Hydrageii. 

Oxygen  and 
Nitrogen. 

Adiet. 

Ecoaooic 

Valae 

OflOOFarta. 

Turf   .     .     . 

58-09 

5-93 

31-37 

4-61 

171 

Lignite    .    . 

71-71 

4-85 

21-67 

1-77 

208 

^>IiBt  Coal  . 
CannaUCoal 

82-92 
83-76 

6-49 
5-66 

10-86 
8-04 

013 
2-55 

262 
260 

ChenyCod 

84-84 

5-05 

8-43 

1-68 

258 

Caking  CofJ 
Anthiacite   . 

87*85 
91-98 

5-24 
3-92 

5-41 
316 

1-40 
0-94 

271 
273 

At  the  same  time  that  the  great  masses  of  fossil  fuel 
are  thus  generated  by  the  decomposition  of  wood»  a  great 
number  of  other  products  make  their  appearance,  which, 
although  much  inferior  in  quantity,  possess,  at  least  in  some 
cases,  considerable  interest.  Thus  the  fire  damp  of  mines 
(p.  938)  consbts  in  most  part  of  marsh  gas,  but  contains  in 
some  eases  also  olefiant  gas  and  free  hydrogen. 

Interspersed  through  the  masses  of  coal  are  found  small 
quantities  of  a  great  variety  of  bodies,  principally  carbo- 
hydrogens,  resembling  the  oils  and  stearoptens  of  plants 
closely  in  properties  and  constitution.  Thus,  ozocherit^  ot 
fa$$U  wax,  IB  found  in  cavities  in  the  rocks  lying  upon  coal ; 
it  is  brown,  of  a  foliated  structure ;  it  fuses  at  143^  Parqf* 
fine,  which  is  an  important  constituent  of  the  tar,  produced 
in  the  destructive  distillation  of  wood,  is  also  found  asso- 
ciated with  coal.  It  is  white,  crystallises  in  brilliant  plates ; 
it  fuses  at  11 1^,  and  may  be  distilled  unaltered ;  it  dissolves 
readily  in  ether  and  alcohol ;  it  is  not  acted  upon  by  any  re- 
agent, whence  its  name  {fotum  affinu).  Both  these  bodies 
have  the  same  composition  as  olefiant  gas,  consisting  of  CH. 
Many  .waxy  fossil  substances  are  isomeric  with  oil  of  turpen* 
tine,  and  one,  which  is  interesting,  as  being  the  matrix  in 
which  the  native  cinnabar  of  Idria  is  imbedded,  (page  660), 
has  the  formula  CtiH7;  it  is  termed  idtialme. 


PRODUCTS  OF  DBSTRUCTIVB  DISTILLATION.       1087 

Others  of  these  products  are  liquid,  and  frequently  issue 
forth  from  the  surface  of  the  ground,  constituting  springs, 
which  from  their  imflammability  have  been  invested  in  un^ 
civilized  countries  with  a  sacred  character*  Such  liquids  are 
known  as  rock  oil  or  petroleum.  Some  specimens  of  it  that 
have  been  accurately  examined  are,  like  parafBne,  isomeric 
with  defiant  gas,  whilst  others  are  isomeric  with  oil  of 
turpentine,  and  absorbing  oxygen  are  gradually  converted 
into  a  resinous  substance,  aephaU,  for  which  the  formula, 
C40H32O6,  has  been  assigned. 

SECTION  II. 

OP  THE  PRODUCTS  OF  THE  DESTRUCTIVE  DISTILLATION 
OP  WOOD,  COAL,  AND  RESIN. 

The  results  of  the  action  of  heat  on  an  organic  substance 
are  strictly  analogous  to  those  of  an  imperfect  combustion. 
A  quantity  of  carbon  is  removed,  as  carbonic  acid,  and  a 
quantity  of  hydrogen,  as  water.  The  other  products  con- 
tain, therefore,  relatively  less  oxygen.  If  the  substance 
upon  which  we  operate  be  pure,  and  the  heat  be  carefully 
managed,  the  result  is  in  all  cases  perfectly  simple  and  dis- 
tinct, as  where  acetic  acid  gives  acetone  and  carbonic  acid ; 
malic  acid  gives- water,  carbonic  acid>  and  maleic  acid  ;  but 
if  the  temperature  change,  another  set  of  reactions  occur, 
and  other  products  are  generated,  which  arise  properly 
speaking  from  the  decomposition  of  the  first.  Thus,  acetic 
acid  gives  marsh  gas;  malic  acid  gives  fumaric  acid.  Hence 
if  substances  be  taken,  through  which,  either  firom  their  mass 
or  their  non-conducting  power,  the  heat  cannot  be  uniformly 
diffused,  a  number  of  diff<H>ent  reactions  take  place  in  dif- 
ferent portions  at  the  same  time,  according  to  their  respec- 
tive temperatures ;  the  bodies  generated  in  the  interior  are 
altered  according  as  they  approach  the  surfiwce,  and  hence 
a  very  high  degree  of  complexity  is  given  to  the  ultimate 
results. 
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When  the  subBtances  operated  on  are  not  pure,  but  as 
common  wood,  coal,  turf,  &c.  contun  various  organic  bodies 
of  different  natures  mixed  together,  it  becomes  quite  impos- 
sible to  express  the  precise  reactions  which  occur,  and  the 
number  of  bodies  generated  becomes  very  great.  It  is  to 
the  classes  of  bodies  thus  produced  that  I  wish  to  direct 
attention  in  the  present  section,  as  in  all  cases  where  the 
mode  of  origin  of  a  pyrogenic  product  is  accurately  known, 
1  have  described  it  in  connexion  with  the  body  from  whence 
it  is  usually  derived. 

According  as  the  object  of  the  process  is  the  manufacture 
of  vinegar  or  of  tar,  the  distillation  of  wood  is  very  differ- 
ently managed.    For  the  first,  a  cast-iron  cylinder,  a,  is 


built  into  a  (urnace,  of  which  c  is  the  grate,  d  the  fire  door, 
and  e,  e,  e,  the  flue,  which  winds  spirally  round  the  cylinder, 
so  as  to  heat  it  as  uniformly  as  possible.  The  wood,  in  pieces 
which  fit  accurately  the  interior  of  the  cylinder,  is  introduced 
by  an  opening  in  the  top  which  is  then  closed  by  the  plate  b. 
The  volatile  and  gaseous  products  of  the  distillation  pass  off 
by  the  tube  g,  which  is  bent  zig-sag,  and  is  surrounded  at 
i,  J,  by  larger  tubes,  through  which  a  stream  of  cold  water 
constantly  passes.  This  water  is  supplied  from  a  reservoir, 
11,  by  the  tube  /,  and  entering  below  at  m,  passes  firom  one 
jacket  to  another  by  the  cross  pipes  o,  o,  and  escapes  ulti- 
mately above  at  p;  thb  cooling  arrangement  being  a  form 
of  Liebig*s  condensing  tube,  (p.900),  convoluted,  as  it  were, 
in  order  to  occupy  less  room.    The  liquids,  which  are  thus 
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condensed,  collect  in  the  tubs  r,  and  the  gases  which  come 
over  are  allowed  by  the  cock  t  to  issue  from  the  tube  s,  and, 
being  set  on  fire,  play  on  the  bottom  of  the  cylinder,  and  thus 
economize  a  certain  quantity  of  fuel. 

The  liquid  products  separate,  on  standing,  into  two  layers, 
the  upper  formed  of  oily  and  tarry  matters,  the  lower  of 
water,  acetic  acid,  pyroxylic  spirit,  &c.  By  the  connecting 
tube,  this  heavier  liquid  passes  into  the  second  tub,  whilst 
the  tar  remains  in  the  first.  The  impure  acetous  liquor  is 
neutralized  by  carbonate  of  lime;  the  acetate  of  lime  decom- 
posed by  sulphate  of  soda,  or  sulphuret  of  sodium ;  the  ace- 
tate of  soda  crystallized  and  fused  in  order  to  expel  the 
adhering  tar,  then  dissolved,  recrystallized,  and  decomposed 
by  oil  of  vitriol.  Pure  acetic  acid  is  thus  obtained,  which  is 
then  diluted  with  water  to  the  various  degrees  of  strength 
required  in  commerce,  (p.  928.) 

When  the  acetous  liquor  has  been  neutralized  by  the 
lime,  it  is  concentrated  by  distillation,  whereby  a  spirituous 
liquid  is  obtained,  which  is  termed  pyroxylic  spirit^  and  has 
a  close  analogy  to  alcohol  in  its  characters.  In  this  state  it 
is,  however,  a  mixture  of  a  variety  of  bodies ;  some  of  these, 
as  aldehyd  and  acetone,  have  been  already  noticed,  and  the 
others  shall  now  be  described.  Mr.  Scanlan  first  recognized 
the  various  constituents  of  the  impure  pyroxylic  spirit,  and 
their  history  was  accurately  investigated  by  Dumas  and  Pe- 
ligot,  by  Lowig  and  by  myself. 

The  impure  pyroxylic  spirit  having  been  deprived  of 
water  by  repeated  rectifications  over  lime,  as  much  chloride 
of  calcium  as  it  can  dissolve  is  to  be  added  to  it,  and  the 
mixture  allowed  to  stand  for  a  few  days.  Being  then  dis- 
tilled in  a  water  bath,  the  body  to  which  the  name  of  py- 
roxylic spirit  is  specially  applied,  remains  in  the  retort,  com- 
bined with  the  chloride  of  calcium,  whilst  there  distils  over 
a  mixture  of  two  liquids,  xyUt  and  mesiti  which  are  sepa- 
rated from  each  other  by  frequent  rectification,  as  their  boil- 
ing points  differ.     Besides  these  three  bodies,  there  exist  in 
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the  rough  Kquor,  an  oil,  metkal^  and  a  solid  substance,  dis- 
oorered  by  Mr.  Scanlan,  and  termed  ^eblanine. 

This  last  body  remains  behind  when  the  spirit  is  rectified 
over  limci  from  which  it  is  separated  by  adding  muriatic  acid» 
and  being  then  dissolved  in  boiling  alcohol,  it  crystallizes 
on  cooling ;  it  forms  deep  orange  yellow  needles:  it  fuses  at 
350^,  and  volatilises  in  a  current  of  air  or  of  vapour,  but  is 
decomposed  if  heated  by  itself;  it  is  insoluble  in  water,  but 
dissolves  in  alcohol  and  volatile  oils ;  sulphuric  acid  colours 
it  indigo  blue ;  its  formula  is  C31H9O4.  No  combinations  of 
it  are  known. 

The  Methol  contains  no  oxygen ;  its  formula  being  C4H3. 
It  boils  at  350^,  and  possesses  the  general  characters  of  an 
essential  oil. 

Xylit  resembles  alcohol  closely  in  its  properties.  Its 
odour  is  agreeable  and  ethereal ;  its  specific  gravity,  0'816; 
it  boils  at  143^ ;  with  acids  it  produces  ethereal  compounds, 
which  have  not  been  closely  examined  ;  its  formula  appears 
to  be  CijHiaOv 

Mesit  can  scarcely  be  considered  as  having  been  as  yet 
obtained  pure ;  in  its  properties  it  closely  resembles  xylit,  but 
has  a  higher  boiling  pmnt ;  its  formula  has  been  stated  to  be 
C6H602O  I  shall  have  on  another  occasion  to  notice  the  pro- 
bable constitution  of  these  bodies. 

The  proper  pyroxylic  spirit  is  obtained  pure  from  its 
combination  with  chloride  of  calcium,  by  the  addition  of 
water,  and  distillation ;  by  rectification  in  a  water  bath,  with 
dry  lime,  it  is  freed  from  water.  When  quite  pure,  it  is  a  co- 
lourless liquid,  of  a  peculiar  aromatic  smell ;  it  burns  wiA  a 
flame  still  less  luminous  than  that  of  spirit  of  wine;  its  spe- 
cific gravity  is  0*798;  it  boils  at  140'';  its  formula  is  CsH^Os; 
the  specific  gravity  of  its  vapour  is  1  '1105 ;  in  its  action  upon 
other  bodies  this  substance  ranges  itself  completely  with 
wine-alcohol,  and  it  is  hence  frequently  termed  metktfUe 
alcohol,  from  the  Greek  words  fiiOv  and  vAi|.  In  the  his- 
tory of  its  combinations  it  will,  th^efore,  be  sufficient  to  fix 
attention  on  those  points  which  are  more  specially  charac* 
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teristic  of  it ;  its  series  being  in  many  respects  more  complete 
than  that  of  ordinary  alcohol. 

Fyroxylic  spirit  combines  with  bases  and  with  salts  to  form 
compounds  similar  to  the  alcoates*  It  is  decomposed  by  the 
chlorides  of  sine  and  alcohol,  by  the  fluorides  of  silicon  and 
boron ;  methylic  ether  is  evolved^  the  reactions  being  pre- 
cisely as  in  the  case  of  ordinary  alcohol. 

When  treated  with  sulphuric  acid,  the  methylic  alcohol 
produces  an  ether,  an  organic  acid,  and  a  heavy  oil,  precisely 
similar  to  those  formed  by  spirit  of  wine.  But  the  reaction  is 
much  more  distinct,  all  the  products  remain  properly  in  the 
series  of  the  methylic  alcohol ;  no  gas,  equivalent  to  oleiiant 
gas,  being  evolved. 

The  methylic  ether  is,  at  ordinary  temperatures  and  pres- 
sures, a  colourless  gas,  of  an  ethereal  odour;  it  bums  with  a 
blue  flame.  Water  absorbs  thirty-seven  times  its  volume  of 
it;  its  formula  is  C^HaO.;  it  hence  is  isomeric  with  wine-al- 
cohol, with  the  vapour  of  which  it  has  the  same  specific  gri^ 
vtty  zz  1601*5,  but  its  atomic  weight  is  only  one-half  that  of 
alcohol ;  it  combines  directly  with  anhydrous  sulphuric  acid, 
forming  a  heavy  oily  liquid,  and  with  the  other  adds  to  form 
compound  ethers.  For  the  same  reasons  as  have  been  fully 
discussed  under  the  head  of  wine-alcohol,  it  is  assumed  to 
be  an  oxide  of  a  compound  radical,  methyly  C2H3  or  Me,  and 
the  formula  of  the  pyroxylic  spirit  is  therefore  MeO  +  Aq. 

The  stdpho-methyUc  acid  is  formed  precisely  as  the  sul- 
phovinic  acid,  which  it  closely  resembles  in  properties,  ex- 
cept that  it  may  be  obtained  crystallized  in  white  needles, 
by  cautious  evaporation  of  its  solution.  Its  formula  is 
MeO.SOs  +  SO3.HO. ;  its  salts  are  generally  more  perma- 
nent, and  crystallize  more  easily  than  the  sulphovinates. 

Sulphate  of  Methyl— ^eO  +  SO3.  This  substance 
passes  over  as  a  heavy  oil,  when  one  part  of  pyroxylic  spirit 
is  distilled  with  five  or  six  parts  of  oil  of  vitriol,  and  is  formed 
also  by  the  direct  union  of  methylic  ether  and  dry  sulphuric 
acid.  It  has  a  strong  garlic  odour ;  its  specific  gravity  is 
I'S&A ;  it  boils  at  370^.    By  boiUng  water,  or  strong  bases^ 
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it  is  imiDediately  resolved  into  its  constituents.  With  dry 
ammonia  it  forms  a  white  crystalline  mass^  sulpho^meihyhm^ 
which  consists  of  MeO.SOs  +  SO^^Ad. 

Chloride  of  Methyl.— QiHfil  or  MeXl.  Is  formed  by 
heating  a  mixture  of  common  salt,  pyrozylic  spirit,  and  oil  of 
vitriol.  A  permanent  gas  is  evolved  which  may  be  collected 
over  water,  which  absorbs  but  twice  its  volume  of  it ;  it  bums 
with  a  greenish  white  flame. 

Iodide  of  Methyl. — (^Hal.  or  Me.I.  Is  prepared  by  distil- 
ling a  mixture  of  phosphorus,  iodine,  and  pyroxylic  spirit. 
On  the  addition  of  water  to  the  distilled  liquor,  the  iodide  of 
methyl  separates  as  a  heavy  oily  liquid,  of  sp.  gr.  2'£37 ;  it 
boils  at  about  112^. 

Flmonde  of  Methyl.— CjajP.  or  Me.F.  Is  formed  by  heat- 
ing a  mixture  of  sulphate  of  methyl  and  fluoride  of  potas- 
sium, and  collecting  the  gas  evolved  over  water.  It  is  colour- 
less, and  bums  with  a  whitish  flame,  evolving  fumes  of 
hydrofluoric  acid. 

Methylene-mercaptan.  — Sulphuret  of  Methyl.  —  These 
bodies  are  prepared  precisely  as  the  corresponding  sub- 
stances in  the  series  of  ordinary  alcidiol. 

NUrate  of  Methyl. — MeO.N05.  Is  prepared  by  distil- 
ling nitrate  of  potash,  pyroxylic  spirit,  and  oil  of  vitriol, 
mixed  together  in  a  capacious  retort.  The  receivers  are  to 
be  carefully  cooled,  and  a  gentle  heat  applied  to  the  retiurt 
to  commence  the  reaction,  which  then  continues  to  the  end 
without  any  further  external  heat.  The  product  when  puri- 
fied by  redistillation  over  some  oxide  of  lead,  is  a  colourless 
Uquid,  neutral,  of  an  ethereal  odour ;  it  bums  with  a  yellow 
flame ;  its  sp.  gr.  is  1-182 ;  it  boils  at  Idl"".  If  a  drop  of  it 
be  heated  to  300°,  it  explodes,  and  this  takes  place  much 
more  easily  if  there  be  a  quantity  ;  hence  its  distillation  must 
be  very  cautiously  conducted. 

Carbo-methylic  Add  is  formed  by  passing  a  stream  of  dry 
carbonic  acid  into  a  soludon  of  bary tes  in  pyroxylic  spirit. 
Carbo-methylate  of  barytes  forms  in  minute  plates,  which  are 
insoluble  in  spirit,  but  dissolve  easily  in  water.     This  salt 
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rapidly  decomposes  into  carbonate  of  barytes,  free  carbonic 
acid  and  methylic  alcohol.  With  chloro-carbonic  acid  and 
sulphuret  of  carbon  the  pyroxylic  spirit  gives  compounds 
precisely  similar  to  those  already  described  in  the  series  of 
ordinary  alcohol. 

OxiOaie  of  Methyl.— UeO.QiOs.  Is  best  formed  by  dis- 
tilling  a  mixture  of  equal  parts  of  oxalic  acid,  pyroxylic  spi- 
rit and  oil  of  vitriol.  The  product  crystallizes  in  large 
rhombic  plates;  it  fuses  at  124'^  and  boils  at  S12'';  it  dis- 
solves easily  in  water  and  alcohol.  With  water  of  ammonia 
it  produces  oxamid  and  methylic  alcohol;  with  dry  ammonia 
it  forms  a  crystalline  body,  MeO.CjOa  +  C90a.Ad.  Oxci- 
metfiylan* 

Acetate  of  MeihyL — MeO.AcOa.  Formed  by  distilling 
together  oil  of  vitriol,  pyroxylic  spirit,  and  acetate  of  soda. 
It  forms  a  colourless  liquid,  which  boils  at  136^;  its  specific 
gravity  is  0'919.  The  substance  known  as  mesH,  may  be 
considered  as  a  compound  of  methylic  alcohol  and  aldehyd, 
C2H3O  +  C4H3O,  and  the  xylit  is  probably  a  mixture  of  that 
body  with  the  acetate  of  methyl. 

The  combinations  of  methylic  ether  with  the  other  acids, 
resemble  so  closely  those  of  vinic  ether,  that  they  need  not  be 
specially  described. 

Products  of  the  Oxidation  of  Pyroxylic  Spirit. 

If  pyroxylic  spirit  be  distilled  with  chromate  of  potash 
and  sulphuric  acid,  it  is  totally  converted  into  carbonic  acid 
and  water.  If  black  oxide  of  manganese  be  used,  and  that 
after  the  first  violent  effervescence  has  ceased,  a  gentle  heat 
be  applied,  a  liquid  distils  over,  which,  when  completely 
pure,  has  the  formula,  C6Hg04 ;  it  boils  at  104^ ;  its  sp.  gr. 
is  0*855 ;  it  is  termed  methylal. 

If  pyroxylic  spirit  be  brought  into  contact  with  oxygen 
by  means  of  spongy  platinum,  as  described  for  ordinary 
alcohol  in  p.  923,  hydrogen  is  removed  and  oxygen  absorbed 
in  equivalent  proportion,  and  the  methylic  alcohol  is  totally 
converted  into  hydrated ybrtwic  acid.     C2H4O2  and  20,  giv- 

4b 
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ing  2-HO  and  C2H2O4.  In  this  reaction  there  does  not  ap- 
pear to  be  any  intermediate  state,  equivalent  to  that  of  alde- 
hyd,  which  body  appears  to  be  without  a  representative  in  the 
pyroxylic  series,  at  least,  except  in  combination.  For  prac- 
tical purposes  this  mode  of  preparing  formic  acid  is  not  had 
recourse  to,  as  it  may  be  derived  more  easily  from  the  oxida- 
tion of  most  organic  bodies. 

The  formic  acid  derives  its  name  from  existing  in  a  very 
concentrated  form  in  the  common  ant,  (formica  rufa,)  and  pro- 
duces the  pain  of  their  sting,  on  being  injected  into  the  punc- 
ture which  the  animal  makes  ;  it  was  formerly  prepared  by 
distilling  the  ants  with  a  little  water ;  but  the  process  of 
Dobereiner  is  now  generally  followed.  It  consists  in  mixing 
one  part  of  starch,  or  sugar,  or  tartaric  acid,  with  four  of 
black  oxide  of  manganese,  four  of  water,  and  four  of  oil  of 
vitriol.  Considerable  effervescence  occurs  owing  to  the  escape 
of  carbonic  acid.  When  this  is  over,  the  mixture  is  to  be 
distilled  until  four  and  one-half  parts  have  passed  over ;  this 
acid  liquor  is  to  be  neutralized  by  carbonate  of  soda,  and  the 
formiate  of  soda  crystallized  by  evaporation  and  cooling. 
From  this  salt  the  formic  acid  may  be  obtained  in  any  re- 
quired degree  of  concentration,  by  distillation  with  oil  of 
vitriol,  in  precisely  the  manner  described  for  acetic  acid, 
(p.  926.) 

If  sugar,  or  starch,  or  barley,  be  simply  heated  with 
dilute  sulphuric  acid,  until  it  becomes  brown,  a  certain  quan- 
tity of  formic  acid  is  produced,  along  with  ulmine  and  ulmic 
acid.  The  generation  of  this  acid,  as  a  product  of  the 
decomposition  of  prussic  acid,  of  chloral,  and  of  hydrated 
oxalic  acid  has  been  already  noticed. 

Pure  hydrated  formic  acid  is  a  limpid  colourless  liquid, 
which  fumes  slightly  in  the  air;  its  odour  is  intensely  pun- 
gent ;  when  cooled  below  32^,  it  crystallizes  in  brilliant  plates ; 
it  boils  at  212^;  its  specific  gravity  is  1*235.  In  this  most 
concentrated  form  it  is  an  absolute  caustic,  if  applied  to  the 
skin,  producing  a  sore  very  difficult  to  heal ;  its  formula  is 
C2HO3  +  HO,  and  like  acetic  acid,  it  is  supposed  to  con- 
tain a  radical,  formyl^  CgH  or  Fo,  and  its  rational  formula 
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to  be  F0O3  +  HO.  Combining  with  water  it  forms  at  least 
one  other  definite-  hydrate ;  the  formula  of  which  is  FoOa 
+  2H0. 

The  resemblance  of  formic  acid  to  acetic  acid  is  very 
close,  but  they  are  at  once  distinguished  by  their  behaviour 
to  certain  reagents.  When  heated  with  an  excess  of  oil  of 
vitriol  it  is  decomposed  with  lively  effervescence  into  water 
and  carbonic  oxide,  (C3HO3  =  C3O2  and  HO.)  If  a  solution 
of  a  formiate  be  mixed  with  a  cold  solution  of  nitrate  of  sil- 
ver, a  white  crystalline  precipitate  of  formiate  of  silver  falls, 
which,  when  heated^  is  totally  decomposed  into  metallic 
silver,  water,  and  carbonic  acid,  CsHOa+AgO,  giving  2.CO2 
with  HO,  and  Ag.  If  formic  acid  be  digested  on  red  oxide  of 
mercury,  carbonic  acid  is  given  off,  and  a  sparingly  soluble 
crystalline  formiate  of  the  black  oxide  of  mercury  is  pro- 
duced, this,  when  boiled,  is  totally  decomposed,  metallic 
mercury  separating,  and  carbonic  acid  and  water  being 
evolved. 

The  alkaline  formiates  are  soluble  and  crystallizable ;  that 
of  ammonia  crystallizes  in  right  rhombic  prisms,  which  melt 
at  250^,  and  sublime  without  alteration.  If  its  vapour  be 
passed  through  a  red-hot  porcelain  tube,  it  is  totally  con- 
verted into  prussic  acid  and  water,  C2HO3  +  NH4O,  giving 
C2N.Hand4.HO. 

Formiate  of  Socla  crystallizes  in  rhombic  prisms,  which 
have  the  formula,  NaO.FoOa  +  2Aq.  When  heated  it  un- 
dergoes aqueous  fusion,  and  by  a  higher  temperature  is  de- 
composed. A  solution  of  this  salt,  when  boiled  with  the 
salts  of  silver^  mercury,  gold,  palladium,  or  platinum,  preci- 
pitates the  metal  and  is  hence  useful  in  analysis. 

Formiate  ofBarytes- — BaO.FoOa.  It  is 
obtained  in  large  rhombic  prisms,  as  in  the 
figure,  where  «,  y  are  primary,  and  i  a 
secondary  plane,  which  have  a  bitter  taste' 
and  are  not  altered  by  the  air.  It  is  very 
soluble  in  water^  but  insoluble  in  alcohol. 

Formiate  oflAme  is  easily  produced  by  neutralizing  lime 
4  b2 
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with  dilute  formic  acid  ;  it  is  equally  soluble  in  cold  and  in  hot 
water,  so  that  it  is  only  obtained  crystallized  by  slow  evapo- 
ration ;  it  dissolves  in  ten  parts  of  cold  water;  it  is  insoluble 
in  alcohol. 

Formiate  of  Lead. — ^PbO.FoOs.  If  formic  acid  be  added 
to  a  solution  of  acetate  of  lead,  this  salt  separates  after  a 
short  time  in  stellated  groups  of  brilliant  needlesi  which  are 
anhydrous,  and  require  forty  parts  of  water  for  solution;  it 
is  totally  insoluble  in  alcohol.  By  the  formation  of  this  sab 
the  formic  acid  is  readily  distinguished  from  the  acetic  acid, 
and  the  two,  if  present  together,  may  be  thus  separated. 

Formiate  of  Copper  crystallizes  in  large 
rhomboidal  prisms,  as  in  the  figure,  where 
f,  «,  u  are  primary,  and  m  a  secondary  plane, 
which  are  very  regular,  transparent,  and  of  a 
fine  clear  blue  colour.    It  effloresces  in  dry  air. 


y 


TTie  Formiates  of  Mercury, — That  of  the  red  oxide  is 
very  soluble ;  it  can  only  exist  at  ordinary  temperatures;  by 
a  very  gentle  heat  it  changes  into  the  formiate  of  the  black 
oxide,  and  this,  when  boiled,  gives  metallic  mercury,  as 
already  described  among  the  tests  for  formic  acid.  The  for- 
miate of  the  black  oxide  may  also  be  prepared  by  mixing 
solutions  of  formiate  of  soda,  and  of  subnitrate  of  mercury ; 
it  separates  in  small  pearly  plates  of  four  and  six  side^ 
which  may  be  dried  between  folds  of  blotting  paper,  and 
have  a  fine  silky  lustre. 

Chlorides  and  Iodides  ofFortnyL — When  under  the  influ- 
ence of  powerful  reagents,  the  constitution  of  the  compounds 
of  acetyl  or  elayl  is  broken  up,  a  series  of  bodies  is  generally 
produced,  which  are  supposed  to  contain  as  their  radical, 
formyl.  Thus,  by  the  action  of  chlorine  on  the  chloride  of 
elayl,  a  heavy  oily  liquid  is  formed,  C3HCU  or  Fo.  CI2,  bichlo- 
ride of  formyl;  and  by  acting  on  chloral  by  caustic  potash, 
formic  acid  is  produced,  and  a  heavy  oily  liquid,  which  is 
termed  chloroform^  and  consists  of  CsHCla.  or  F0.CI3,  being 
perchloride  of  formyl.  This,  which  is  the  most  interesting 
of  these  bodies,  is  easily  prepared  by  distilling  alcohol, 
acetone,   or  pyroxyho   spirit  with  chloride  of  lime;   it  ia 
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colour!  ess,  of  an  agreeable  ethereal  odour;  its  specific  gravity 
is  1*480;  it  boils  at  14P;  the  specific  gravity  of  its  vapour 
is  4' 116;  with  an  excess  of  chlorine  it  gives  bichloride  of 
carbon. 

Periodide  of  Formyl — Iodoform. — F0.I3.  Is  produced  by 
adding  caustic  potash  to  a  solution  of  iodine  in  alcohol,  until 
it  is  completely  decolorized,  but  avoiding  an  excess  of  alkali ; 
on  then  evaporating,  the  iodoform  is  deposited  in  brilliant 
gold-coloured  plates ;  it  is  insoluble  in  water,  but  very  so- 
luble in  alcohol  and  ether ;  it  volatilizes  at  S18^ ;  with  potash 
it  gives  iodide  of  potassium  and  formiate  of  potash.  There 
exist  also  bromides,  cyanides,  and  sulphurets  of  formyl, 
which  do  not  require  notice. 

By  acting  on  the  methyUc  ether,  and  on  the  chloride  of 
methyl  with  chlorine,  Regnault  obtained  two  series  of  bodies 
which  follow  precisely  the  same  principles  of  constitution  as 
have  been  described  fully  when  speaking  of  wine-alcohol, 
(p.  942).  Malaguti  also  obtained,  from  the  oxalate  and  ace- 
tate of  methyl,  bodies  similar  to  those  generated  by  chlorine 
with  the  ordinary  oxalic  and  acetic  ethers,  and  hence  it  is 
only  necessary  to  say  that  all  the  conclusions,  there  drawn 
respecting  the  nature  of  these  bodies,  and  the  theory  of  the 
chlorine  radicals,  may  be  applied  to  explain  the  origin  of  the 
bodies  derived  from  the  methylic  alcohol  also. 

Products  of  the  Distillation  of  Coal. 

The  products  of  the  distillation  of  coal  in  close  vessels, 
possess  a  remarkable  analogy  to  those  that  have  been  now 
described,  and,  indeed,  in  many  instances,  are  identical  with 
them.  Thus  the  gaseous  products  are,  marsh  gas,  olefiant 
gas,  and  carbonic  acid.  The  liquid  products  consist  of  various 
bodies  closely  analogous  to  petroleum,  and  the  solids  consist 
of  napthaline  and  paraffine.  The  relative  proportions  of  these 
products  vary  with  the  temperature.  The  lower  the  heat 
employed,  the  less  gas,  and  the  more  solids  and  liquids  are 
produced;  the  higher  the  temperature,  the  greater  is  the 
quantity  of  carburetted  hydrogen ;  but  for  the  purposes  to 
which  the  practical  process  is  applied,  the  temperature  must 
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not  be  raised  too  high,  for  then  the  gas  evolved  would  be 
mostly  marsh  gas  and  pure  hydrogen,  which  possess  litde 
illuminating  power,  whilst  a  great  deal  of  illuminating  power 
may  be  derived  from  the  vapours  of  some  highly  volatile 
liquid  products.  In  the  manufacture  of  coal  gas  for  the  pur- 
pose of  illumination,  the  object  is,  therefore,  to  maintain  a 
temperature  too  high  for  the  production  of  much  naptbaline 
or  paraflSne,  but  not  high  enough  to  produce  hydrogen  or 
marsh  gas,  and  thus  obtain  the  greatest  possible  quantity  of 
a  gaseous  product  of  olefiant  gas,  and  vapours  of  liquid 
carbo-hydrogeus. 

From  the  albuminous  constituents  of  the  wood,  coal 
always  contains  a  certain,  though  small  quantity  of  nitrogen, 
and  hence  ammonia  is  evolved  in  its  distillation.  The  gag 
liquor  so  obtained  is  extensively  used  in  the  manufacture  of 
sal-ammoniac.  From  the  sulphates  existing  in  the  plants,  or 
in  water  which  has  filtered  through  the  bed  of  coal,  or  from 
iron  pyrites,  which  is  generally  associated  abundantly  with 
the  rocks  of  the  coal  formation  (p.  717),  a  small  quantity  of 
sulphur  always  exists  in  coal,  which  is  evolved  during  the 
distillation  as  sulphuretted  hydrogen,  and  requires  to  be 
carefully  separated  from  the  other  gases,  which  is  effected  by 
washing  them  with  the  milk  of  lime,  which  absorbs  also  the 
carbonic  acid.  The  apparatus  used  for  making  coal  gas,  does 
not  differ  in  principle,  although  very  much  in  arrangement, 
from  that  figured  in  p.  1088.  The  ammoniacal  liquor  and  the 
tar  are  collected  in  the  tubs,  and  the  gas,  in  place  of  being 
burned  at  the  orifice  of  the  tube  s,  is  conducted  to  the  puri- 
fiers, and  thence  to  the  gasometers  for  use. 

Most  of  the  substances  produced  in  this  process  have 
been  already  noticed.  It  only  remains  now  to  describe,  as 
briefly  as  possible,  the  properties  of  such  others  as  are  im- 
portant. 

OfNapthaline  and-  its  Derivatives. — This  substance  is  a 
very  usual  product  of  the  decomposition  of  organic  sub- 
stances by  heat ;  it  is  obtained  abundantly  by  rectifying  coal- 
gas  tar ;  it  crystallizes  in  white  silvery  plates ;  its  speciBc 
gravity  is  1-048;  it  melts  at  136%  and  boils  at  41 3%  but  sub- 
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limes  rapidly  at  much  lower  temperatures ;  it  burns  with  a 
strong  smoky  flame ;  its  smell  is  powerful  and  very  peculiar ; 
It  is  insoluble  in  water,  but  abundantly  soluble  in  ether,  alco- 
hol and  oils ;  its  formula  is  C20H8 ;  the  specific  gravity  of  its 
vapour  is  4488.  It  is  remarkable  for  the  number  of  com- 
pounds to  which  it  gives  rise.  When  digested  with  nitric 
acid,  it  forms  two  combinations ;  the  first,  nitronapthalid, 
crystallizes  in  sulphur-yellow  prisms,its  formula  is  C20H7.NO4; 
the  second,  niiro-naphdehydf  is  a  white  crystalline  powder, 
having  the  formula  C10H3.NO4.  Both  these  bodies  are  in- 
soluble in  water,  but  dissolve  easily  in  alcohol  and  ether, 
from  which  solutions  they  crystallize  on  cooling.  When 
nitro-napthalid  is  distilled  with  lime,  a  substance  is  obtained 
which  resembles  eblanine  (p.  1090)  in  properties,  but  con- 
sists of  C90H7O.  Laurent  teimed  it  oxide  of  napthalese. 

Chlorine  forms  with  uapthsUine  a  heavy  oily  liquid,  which 
has  the  formula  CaoHgCla.  It  gradually  evolves  muriatic  acid 
gas,  and  deposits  a  crystalline  substance.  This  change  is 
effected  immediately  by  heat,  or  by  a  base.  This  solid  body 
is  termed  cklor^napthelid ;  it  consists  of  C30H7CI.  If  this  be 
melted  and  submitted  to  the  continued  action  of  chlorine, 
hydrogen  is  removed  and  a  crystalline  solid  formed,  chlof- 
napthdehydy  CioH4Cl2*  By  acting  on  napthaline  with  an  ex- 
cess of  chlorine,  and  distilling  the  product,  a  solid  substance 
is  obtained,  which  crystalHzes  hi  large  prisms,  and  has  the 
formula  C^oH^^Cla.  All  of  these  bodies  are  insoluble  in  water, 
but  dissolve  in  alcohol  and  ether. 

When  these  chlorine  compounds  are  boiled  in  nitric  acid, 
a  series  of  substances  are  obtained  containing  chlorine  and 
oxygen.  Thus  from  CaoHgCls,  is  formed  C20H5O3CI2,  which 
is  a  brilliant  yellow  crystalline  matter,  insoluble  in  water, 
and  melting  at  206^  By  further  treatment  with  nitric  acid, 
the  chloro-naptkalic  acid  is  formed,  the  formula  of  which  is 
C<2oH50aCl2.  This  body  is  insoluble  in  water,  but  dissolves 
in  ether  and  crystallizes,  on  cooling,  in  short  brilliant  yellow 
prisms  ;  it  melts  at  400^,  and  may  be  sublimed  unchanged. 
With  bases  it  forms  well  characterized  salts,  which  are  orange, 
or  red-coloured ;  those  of  the  alkalies  and  earths  are  soluble 
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and  crysullixable ;  those  of  the  heavy  metals  are  insoluble 
in  water.  In  this  process  there  is  also  formed  a  substance 
which  does  not  contain  chlorine ;  it  resembles  closely  ben- 
zoic acid  ;  it  is  termed  napihalic  acid,  but  its  composition  is 
not  yet  decided ;  another  product  noticed  by  Marignac  is  an 
acid  possessing  the  remarkable  constitution  of  C.CI.NO4. 

The  action  of  sulphuric  add  on  napthaline  varies,  as  the 
acid  is  by d  rated  or  anhydrous.  In  the  latter  case,  sulphurous 
acid  is  evolved  and  a  series  of  products  formed,  which  have 
been  described  by  Berzelius  as  follows  :  sulpho-naptAalme 
CsiH8.SOi,  crystallixes  in  white  plates,  which  melt  below  Sl^ 
to  a  colourless  liquid ;  ttdpho-napthaUdy  CmHio-SOsiIs  a  snow- 
white  powder,  which  may  be  separated  from  the  former  by 
means  of  its  insolubility  in  cold  alcohol.  In  addition  to  these 
bodies  there  are  formed  two  acids,  themZ/^Ao-iuip^Aafic  and  the 
su/pho-napthic;  they  are  isolated  by  taking  advantage  of  the 
insolumlity  of  the  barytes-salt  of  the  latter  in  alcohol,  and 
then  by  decomposing  the  barytes-salts  by  dilute  sulphuric 
add,  these  organic  acids  may  be  obtained  crystallised.  The 
iutpha-napihic  add  forms  soft  crystalline  scales,  of  a  soapy 
feel,  Uke  talc,  which  taste  bitter  and  sour.  Its  formula  is 
CttH^S^Ou  +  2Aq. ;  it  combines  with  two  atoms  of  fixed 
base.  The  sulpho-napthalie  acid  forms  a  hard  crystalline 
mass,  which  is  acid  and  bitter,  inodorous,  fusible  belowSiS^ ; 
it  is  very  deliquescent ;  its  formula  is  C20H8S9O5.  The  salts 
of  these  acids  are  all  soluble  in  water.  There  is  still  another 
acid  product,  termed  by  Berzelius  sulpho-glucic  acid,  the 
constitution  of  which  is  not  known. 

Notwithstanding  that  few  subjects  have  been  so  often 
investigated  as  the  history  of  napthaline  and  its  derivatives, 
there  are  few  bodies  whose  theory  is  more  obscure.  It  would 
appear  that  all  its  hydrogen,  or  at  least  six  atoms  of  it,  are 
capable  of  replacement  by  chlorine  or  nitrous  add,  and  there 
does  not  exist  any  distinct  character  by  which  the  existence 
of  a  compound  radical,  either  primitive  or  derived,  as  a  basis 
of  these  combinations,  could  with  reason  be  assumed.  The  hy- 
pothesis of  Marignac  is,  that  napthaline  itself  is  a  compound 
of  two   carbo-hydrogens,  C,6H4  +  C4H4,   by    the    diverse 
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action  of  reagents  upon  which  the  various  bodies  may  be 
derived,  but  this  idea  does  not  aiford  sufficient  advantages  to 
justify  its  adoption. 

Paranapthattne. — This  substance  is  associated  with  nap- 
thaline  in  the  gas  tar»  and  is  isomeric  with  it,  its  formula 
being  CaoHg;  it  differs  in  its  fusing  and  boiling  points,  which 
are  very  much  higher;  it  may  be  distilled  unaltered;  it  is 
insoluble  in  water,  very  sparingly  soluble  in  alcohol  or  ether, 
but  copiously  so  in  oil  of  turpentine ;  its  relations  to  other 
bodies  are  not  well  known ;  with  nitric  acid  It  produces  a 
colourless  crystalline  body,  having  the  formula  Ci5H40a. 

The  liquid  products  of  the  distillation  of  coal  have  been 
as  yet  studied  only  by  Laurent ;  of  the  most  interesting  of 
whose  results,  as  yet,  but  the  general  nature  has  been  pub- 
lished. This  liquid,  which  is  popularly  termed  g€u-naptha, 
contains  a  crystalline  solid,  which  volatilizes  without  decom- 
position, and  acts  as  an  acid ;  its  formula  is  CuH&O  +  Aq. 
Its  discoverer  considers  it  as  a  hydrated  oxide  of  a  compound 
radical,  which  he  terms  phenyl;  it  combines  with  potash 
and  barytes,  forming  crystalline  compounds.  With  sulphuric 
acid  it  forms  mlphophenic  acidy  CiaHiO.SOa  +  SO3.HO, 
which  forms  salts  resembling  the  sulpho-vinates ;  with  chlo- 
rine it  forms,  first,  chlaro-phenesic  acid,  C12H3CI2O  -I-  Aq., 
which  crystallizes  in  rhombohedrons,  and  possesses  a  very 
nauseous  odour,  and  afterwards  chhro-phenic  add,  the  for- 
mula of  which  is  C12H2CI3O  +  Aq. 

With  nitric  acid,  the  hydrated  oxide  of  phenyl  produces, 
first,  nitro-phenesic  acid,  Ci3H3.(N308)0  4-  Aq.,  and  by  con- 
tinuing the  action,  the  niiro-phenic  acid,  CiaH2(N30i2)0  -f- 
Aq.,  which  is  the  picric  acid  described,  (p.  1045),  as  formed 
from  indigo  and  salicine.  This  phenyl  series  appears,  there- 
fore, to  be  the  final  result  of  the  oxidation  of  a  great  num- 
ber of  organic  bodies.  As  yet,  our  knowledge  of  the  pro- 
perties of  these  bodies  is  not  sufficiently  detailed  to  justify 
any  discussion  of  their  nature,  but  the  connexion  with  the 
bodies  derived  from  indigo  is  exceedingly  remarkable.  If  we 
consider  the  radical  as  C12H5 ;  then  amilene  is  amidide  of 
phenyl,  and  all  the  characters  of  its  salts  are  easily  ex- 
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plaioed.    The  substance  termed  by   Laurent  chloralbine, 
C«II,CU,  w  probably  CwHsCl  +  HCl. 

In  preparing  olefiant  gas  for  the  purposes  of  illumination^ 
by  the  destructive  distillation  of  resin,  a  number  of  substances, 
some  solid,  others  liquid,  are  produced,  which  have  been 
examined  by  Pelletier  and  Walter.  Those  not  already  de- 
scribed are  as  follows :  ReiUteren^  a  white  crystalline  solid, 
which  melts  at  152^  and  boils  at  617^.  In  its  properties  it 
resembles  napthaline ;  its  formula  is  C33H14.  Retinal  Is  a 
colourless  liquid,  tasteless  and  inodorous  ;  specific  gravity 
=  0*9;  it  boils  at  460^  ;  its  formula  is  C32H16,  being  isomeric 
with  benzin ;  the  specific  gravity  of  its  vapour  is  7 '25.  Retu 
napiha  is  a  colourless  liquid,  of  an  agreeable  odour  ;  its  spe- 
cific gravity  is  0*86 ;  it  boils  at  226^ ;  its  formula  is  C14H9. 
Reiinyl,  also  a  liquid,  boils  at  300° ;  it  consists  of  C18H12, 
being  polymeric  with  mesitylene. 

When  the  gas»  obtained  by  the  destructive  distillation 
of  oil,  is  strongly  compre&sed,  a  fa'quid  separates,  which  was 
found  by  Faraday  to  contain  three  distinct  substances.  Of 
these  the  most  abundant  was  the  benzin,  described  already, 
(page  954),  as  produced  in  the  decomposition  of  benzoic 
acid.  Of  the  others,  one  is  known  as  Faraday^ $  qtuidricar' 
buret  of  hydrogen  ;  it  is  also  formed  abundantly  in  the  distil- 
lation of  caoutchouc ;  its  specific  gravity  is  0*627  ;  it  boils 
below  32^ ;  it  combines  with  chlorine,  forming  a  heavy  oil ; 
it  is  isomeric  with  olefiant  gas,  its  formula  being  C4H4,  and 
the  specific  gravity  of  its  vapour  is  double  that  of  the  gas, 
being  1*962.  The  third  liquid  boils  at  183^.  Its  formula 
is  probably  C6H4,  being  isomeric  with  mesitylene  and  re- 
tiiiyl. 

During  an  elaborate  examination  of  the  nature  of  the  tar 
produced  from  the  destructive  distillation  of  wood,  Reichen- 
bach  described  a  number  of  bodies,  of  which  one,  kreosote, 
has  become  of  much  interest,  from  its  remarkable  properties, 
but  the  others  are  still  very  little  known.  For  the  preparation 
of  kreosotCf  the  tar  is  rectified  by  successive  distillations, 
until  the  oil  which  passes  over  becomes  heavier  than  water, 
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and  then  digested  with  a  solution  of  caustic  potash  which 
dissolves  the  kreosote ;  when  this  liquor  is  exposed  to  the  air, 
it  becomes  brown,  and  being  then  neutralized  by  an  acid,  the 
kreosote  separates.  This  process,  of  solution  in  an  alkaline 
liquor  and  precipitation  by  an  acid,  is  to  be  repeated  until 
the  solution  is  no  longer  browned  by  exposure  to  the  air,  the 
kreosote  is  then  pure.  It  is  an  oily  colourless  liquid,  with  a 
penetrating  odour  of  smoke;  its  taste  is  sharp  and  burning; 
its  specific  gravity  is  1*037 ;  it  boils  at  400^;  it  burns  with  a 
strong  smoky  flame ;  with  water  it  unites  in  two  ways,  100 
parts  of  water  dissolve  1*25  of  kreosote,  and  100  parts  of 
kreosote  take  up  ten  of  water ;  the  solution  is  quite  neutral ; 
kreosote  mixes  with  ether,  alcohol,  and  acetic  acid  in  all  pro- 
portions. It  unites  with  alkalies  and  with  acids,  but  without 
appearing  to  form  any  definite  compounds,  and  it  is  not  cer- 
tain that  it  has  ever  been  obtained  really  pure.  The  formula 
assigned  to  it  is  CuHgO^. 

The  most  remarkable  property  of  kreosote  is,  that  it  co- 
agulates  albumen  and  the  colouring  matter  of  the  blood,  and 
these  bodies  are  then  no  longer  susceptible  of  putrefaction. 
Fibrine,  or  muscular  flesh  immersed  in  a  solution  of  kreosote 
for  some  minutes,  has  no  tendency  to  putrefy  even  if  ex- 
posed to  the  heat  of  the  sun  afterwards ;  from  this  is  its 
name  derived,  (xP^u>g  aoi^fu).  Kreosote  is  the  antiseptic 
principle  in  pyroligneous  acid,  and  in  turf  or  wood  smoke. 
If  placed  on  the  tongue,  it  makes  a  white  mark,  with  violent 
pain.  Its  use  as  a  caustic  remedy  for  toothach  is  well 
known. 

Kapnomor  accompanies  kreosote  in  tar ;  it  is  a  colourless 
liquid,  it  smells  like  rum ;  with  oil  of  vitriol  it  forms  a  purple 
solution ;  it  boils  at  360^.  Picamar  is  also  liquid,  it  boils  at 
518^;  it  combines  with  bases.  Cedriret  crystallizes  in  fine 
red  needles,  insoluble  in  all  liquids,  except  oil  of  vitriol  and 
kreosote,  the  former  producing  a  blue,  and  the  latter  a  pur- 
ple solution.  Pitiakal  forms  a  dark  blue  solid  mass,  which 
when  rubbed,  assumes  a  golden  lustre ;  it  contains  nitrogen  ; 
it  is  insoluble  in  water,  but  dissolves  in  acids,  and  is  thrown 
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dovTD  again  by  alkalies.  With  metallic  salts,  its  solution 
gives  blue  precipitates  which  may  be  attached  by  mordants 
upon  woollen  and  cotton  cloths.  The  constitution  of  these 
bodies  has  not  been  examined. 

By  the  action  of  reagents  on  the  coal-gas  naptha,  Runge 
obtained  a  series  of  bodies^  a  re-examination  of  which  would 
be  of  the  highest  interest  to  science ;  they  are  liquid,  and  ap- 
pear to  possess  strong  alcaline  properties,  and  generate  salts, 
which  with  one  (cyanol)  are  of  a  rich  blue  colour.  They 
belong  apparently  to  the  same  class  of  bodies  as  anilene. 

By  the  destructive  distillation  of  animal  substances,  a 
series  of  oily  bodies  is  generated,  of  a  strong  odour,  {animal 
oil  of  dippel^M  of  hartshorn),  which  is  described  by  Unver- 
dorben  as  a  mixture  of  several  bodies,  to  which  he  has 
given  names,  but  as  we  possess  no  accurate  knowledge 
whatsoever  of  their  properties,  I  do  not  think  it  necessary  to 
give  his  account  of  their  preparation. 


CHAPTER  XXIX. 

OF  THE  CHEMICAL  PHENOMENA  OF  VEGETATION. 

In  the  seed  of  a  plant,  the  germ  of  the  future  individual  is 
associated  with  one  or  more  organs  termed  cotyledons,  which 
contain,  in  general,  starch  and  some  form  of  azotized  matter, 
as  albumen,  gluten,  or  legumine,  which  substances  are  so 
disposed  in  order  to  supply  the  nutriment  necessary  for  the 
development  of  the  embryo,  until  its  organs  are  fitted  for  the 
collection  of  nutriment  from  external  sources. 

The  first  act  of  growth  in  the  seed  is  termed  germination, 
and  is  accompanied  by  a  remarkable  change  in  the  constitu- 
tion of  the  cotyledonous  mass.  For  perfect  germination,  it 
is  necessary  that  the  seed  be  moderately  supplied  with  water 
and  with  air,  and  that  it  be  either  in  the  dark  or  exposed 
but  to  little  light ;  all  these  circumstances  are  perfectly  se- 
cured by  the  ordinary  mode  of  sowing  seeds,  in  a  moistened 
soil,  which  shall  be  so  loose  as  to  admit  air,  and  yet  exclude 
the  light. 

A  seed  so  circumstanced,  gradually  swells  to  much  be- 
yond its  original  volume,  and  its  temperature  rises ;  it  ab- 
sorbs oxygen  from  the  air,  and  evolves  water  and  carbonic 
acid,  and  the  starch  of  the  cotyledon  gradually  disappears, 
being  changed  into  sugar.  From  the  point  of  the  seed  where 
the  embryo  is  situated,  two  shoots  spring  forth,  one  of  which, 
the  radical^  takes  its  direction  downwards  into  the  soil,  whilst 
the  other,  the  plumula,  strikes  up  towards  the  air,  to  become 
the  origin  of  the  stem;  according  as  this  growth  proceeds,  the 
quantity  of  sugar  in  the  seed  diminishes,  and  by  the  time  that 
the  radical  is  fit  for  the  performance  of  its  functions,  as  root, 
in  absorbing  nutriment  from  the  soil,  nothing  remains  of  the 
seed  but  its  ligneous  husk,  which  in  some  cases  completely 
perishes  underground,  but  in  others  rises,  and  assuming  the 
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functions  of  leaves,  j[seed  leaves),  assists  in  providing  nu- 
triment for  the  young  plants,  until  the  stem  has  been  fur- 
nished with  leaves  by  which  it  may  act  upon  the  surrounding 
air. 

This  process  of  gernunation  is  artificially  produced,  for 
the  purposes  of  the  arts,  by  the  operation  of  maltmg;  the 
grain  is  steeped  in  water,  until  it  has  absorbed  the  proper 
quantity  of  it ;  it  is  then  spread  on  the  floor  of  the  malt-house, 
and  its  temperature  prevented  from  rising  too  high  by  the 
mass  being  frequently  spread  out,  and  new  surfaces  exposed 
to  the  air.  When  the  seed  contains  the  maximum  quantity 
of  sugar,  that  is,  when  the  conversion  of  the  starch  is  most 
complete,  and  yet  before  much  sugar  has  been  assimilated  by 
the  germ,  which  is  practically  found  to  be  when  the  radical 
has  grown  as  long  as  the  grain,  but  does  not  -project  beyond 
it,  the  young  plant  is  killed,  by  exposing  the  malted  com  to 
a  current  of  hot  dry  air  in  the  malt-kiln,  and  the  malt  is  then 
employed  as  a  source  of  sugar,  in  the  fermentative  processes 
of  the  brewer  and  distiller. 

The  saccharine  fermentation  which  thus  furnishes  nutri- 
ment for  the  young  plant  in  the  first  stage  of  its  existence, 
resembles  the  transformation  of  starch  by  means  of  sulphuric 
acid,  described  in  p.  877,  and  is  excited  by  the  presence  of 
a  peculiar  ferment  produced  by  the  decomposition  of  the 
vegetable  albumen  which  the  seed  contains.  This  active 
substance  is  termed  dia$ta$e;  it  does  not  pre-exist  in  the 
seed,  but  is  itself  produced  by  the  action  of  the  air  and 
water  upon  the  albumen  ;  it  is  not  identical' with  the  ferment 
which  induces  the  alcoholic  fermentation,  but  they  appear  to 
be  but  successive  stages  of  the  decomposition  of  the  same 
substance.  The  diastase  may  be  obtained  solid  by  bruising 
malt  with  a  small  quantity  of  water  and  expressing  the  liquor; 
to  this  alcohol  is  to  be  added,  which  precipitates  a  quantity  of 
unaltered  albumen,  and  on  evaporating  the  filtered  liquor  to 
dryness,  the  diastase  remains,  though  by  no  means  pure ;  it 
is  a  white  gummy  mass;  it  is  precipitated  by  infusion  of  galls 
and  most  metallic  salts ;  one  part  of  it  rapidly  and  completely 
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converts  a  solution  of  ^000  parts  of  starch  in  water,  first  into 
dextrine,  and  finally  into  grape  sugar.  It  has  been  suggested 
by  Saussure,  that  diastase  is  identical  with  the  substance 
termed  mucin,  in  p.  893,  bat  this  is  doubtful;  it  contains 
nitrogen,  and  is  most  probably,  as  already  stated,  the  first 
product  of  the  putrefaction  of  the  gluten  or  albumen. 

When  the  process  of  germination  is  over,  the  plant  is 
found  provided,  by  its  roots  and  leaves,  with  the  means  of 
procuring  such  nutriment  as  its  future  ofiices  require,  from 
the  atmosphere  and  the  soil.  For  the  constitution  of  its  proper 
ligneous  tissue,  carbon,  hydrogen  and  oxygen  are  required, 
and  these  serve  also  for  the  formation  of  the  majority  of  its 
excreted  products,  as  sugar,  gum,  starch,  resin,  oils,  and  acids; 
but,  in  addition,  nitrogen  is  required ;  and  although  the  pro- 
portion of  nitrogen  in  any  plant  is  small^  compared  with  that 
of  the  other  elements,  yet  it  is  of  great  importance  as  a 
constituent  of  the  active  principles  of  most  medicinal  plants, 
as  the  vegetable  alkalies,  amygdaline,  &c. ;  and  of  still 
higher  interest,  as  Bousingault  has  shown,  the  nutritive 
power  of  each  plant,  when  used  as  food,  to  be  proportional  to 
the  quantity  of  nitrogen  which  it  contains.  In  every  plant 
there  exists  also  certain  inorganic  elements,  acids,  and  bases, 
which,  though  small  in  quantity,  are  yet  essential  to  its 
healthy  growth.  The  examination  of  the  modes,  chemical 
and  vital,  by  which  these  various  substances  are  supplied 
to  the  plant  and  assimilated  by  its  organs,  constitutes  an 
important  branch  of  vegetable  physiology,  which  can  here 
be  but  superficially  sketched ;  and,  in  its  relation  to  prac- 
tice, the  manner  of  supplying  these  materials  so  as  to 
favour  the  growth  of  plants,  and  develope  their  most  useful 
principles,  must  be  the  basis  of  every  system  of  enlightened 
agriculture. 

Of  the  Assimilation  of  Carbon  by  Plants. 

In  describing  the  constitution  of  the  atmosphere,  (p.  435), 
I  have  had  already  occasion  to  notice  the  beautiful  provision 
by  which  the  two  great  classes  of  organized  beings  mutually 
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compensate  for  the  change  which  each  produces  in  its  nature, 
and  thus  retain  it  in  the  condition  most  conducive  to  the 
healthful  existence  of  both.  That  whilst  the  animal,  in  his 
respiration,  throws  off  carbonic  acid,  and  absorbs  oxygen,  the 
plant  from  the  surfaces  of  its  green  leaves,  in  sunlight,  absorbs 
carbonic  add  and  gives  out  oxygen.  It  only  remains  here 
to  examine  the  circumstances  of  this  change,  with  reference 
to  the  other  functions  of  the  plant. 

As  water  is  abundantly  absorbed  by  plants,  both  with 
the  roots  and  leaves,  the  assimilation  of  carbon  from  the  air 
should,  with  it,  supply  at  once  the  elements  of  the  woody 
matter,  as  well  as  of  those  other  bodies,  as  sugar,  starch,  and 
gum,  which  contain  oxygen  and  hydrogen,  in  the  proportions 
to  form  water.  But  this  respiratory  function  of  the  leaves 
does  not  in  reality  possess  the  simplicity  and  uniformity  of 
effect,  which  has  been  just  assigned  to  it.  It  is  found,  that  the 
absorption  of  carbonic  acid  and  the  liberation  of  oxygen 
occur  only  under  the  influence  of  sunlight,  and  from  the 
green  portions  of  the  plant,  whilst  the  coloured  portions,  as 
the  flowers  and  fruits,  and  even  the  green  leaves,  during  the 
night,  absorb  oxygen  and  give  out  carbonic  acid ;  thus  tend- 
ing to  increase  the  vitiation  of  the  atmosphere,  produced  by 
animals,  in  place  of  counteracting  it.  The  existence  of  these 
opposing  actions  had  induced  some  physiologists  to  doubt 
whether  they  did  not  neutralize  each  other,  and  hence  to 
seek  for  the  source  of  the  carbon  of  the  plant,  in  the  .acdon 
of  the  roots  upon  the  organic  substances  of  the  soiL  But 
the  experiments  of  Daubeny  have  conclusively  established, 
that  a  healthy  plant  evolves  so  much  more  oxygen  in  the 
day  than  it  absorbs  during  the  night,  and  inversely  absorbs 
so  much  more  carbonic  acid  during  the  day  than  it  evolves 
at  night,  as  may  satisfactorily  account  for  the  growth  of  the 
woody  material  of  the  plant,  and  compensate  for  the  in- 
fluence of  animal  respiration  and  combustion  upon  the  air. 

It  has  been  already  shown,  that  the  grains  of  starch, 
when  elaborated  by  the  organs  of  the  plant,  possess  a  struc- 
ture totally  difierent  from  that  which  characterizes  bodies 
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constituted  in  virtue  of  mere  affinity,  and  more  analogous  to 
certain  animal  organs,  as  the  crystalline  lens  of  the  eye.     In 
the  different  yarieties  of  starch,  it  is  not  difficult  to   trace 
the  gradual  transition  to  lignine,  and,  as  stated  in  page  880, 
ordinary  wood  still  retains  in  the  tubes  and  cells  formed  by 
the  arrangement  of  the  particles  of  lignine,  a  considerable 
quantity  of  unaltered  starch.     In  the  medulla  of  various 
trees,  the  passage  from  starch  to  lignine  is  still  more  evident. 
Now  for  the  formation  of  starch  there  are  required   but 
water  and  carbon,  its  formula  being  C13H10O10  and  this  I 
consider  is  the  actual  result  of  the  true  respiratory  process 
of  the  plant;  carbonic  acid  being  absorbed,  and  an  equal 
volume  of  oxygen  being  exhaled,  the  carbon  is  assimilated 
by  the  vital  power  of  the  plant,  and,  with  the  elements  of 
water,  produces  a  substance  partially  organized  in  structure, 
the  starch  globule.     The  outer  layer  of  this  gradually  in- 
creasing in  density,  and  water  being  separated  from  the  in- 
ternal portion,  should  give  a  cell,  or  by  the  reunion  of  many, 
a  continuous  fibre,  or  tube,  of  true  lignine.  The  change  being 
simply  the  loss  of  water,  the  formula  of  the  lignine  becomes 
CiaHgOs.     The  nature  of  the  starch  globule,  and  hence  the 
structure   and    physical   properties    of  the   ligneous    fibre 
varies  in  different  plants.     Thus,  I  consider,  in  the  adult 
plant,  starch  to  be  the  first  product  of  the  assimilation  of 
carbon  and  water,  that  it  is  already  possessed  of  a  low  degree 
of  organization,  and  is,  in  structure  and  composition,  adapted 
for  the  change  (growth  rather  than   transformation)   into 
true  wood. 

By  contact  with  the  albuminous,  or  fermentative  principles, 
the  starch,  whether  accumulated  in  the  seed  or  roots,  or  dis- 
tributed throughout  the  substance  of  the  plant,  undergoes 
changes  of  an  opposite  kind.  Its  organized  character  is  lost; 
it  successively  forms  gum  and  sugar.  We  cannot  yet  form 
cane  sugar  artificially  from  starch,  but  we  can  have  no 
doubt  that  it  arises,  as  grape  sugar  does,  from  the  catalytic 
metamorphosis  of  the  starch,  arrested,  in  virtue  of  the  vital 
power  of  the  plant,  at  a  point  where  we  cannot  seize  it  in 
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the  laboratory.  These  are  the  truly  nutritious  elements  of 
the  plantf  whether  designed  for  the  support  of  the  adult  in- 
dividual, or  collected  io  proper  reseryoirs,  to  serve  for  the 
sustenance  of  the  future  individual  in  the  seed. 

In  the  conversion  of  the  starch  into  the  numerous  se- 
condary products,  as  acids,  colouring  matters,  oils,  ftc,  the 
presence  of  which  characterize  the  generality  of  plants,  we 
«iay  find  the  source  of  that  inverse  respiratory  action  which 
so  much  masks  the  real  and  simple  nutritive  process.  Of 
the  circumstances  of  the  formation  of  these  bodies,  we  have 
an  example  admirably  illustrative  of  the  point,  in  the  con- 
version of  lignine  into  ulmine.  Here,  though  the  change 
should  at  first  appear  to  require  only  the  loss  of  the  elements 
of  water,  we  find  it  to  be  much  more  profound ;  the  con- 
stitution of  the  lignine  is  totally  broken  up ;  oxygen  is 
abundantly  absorbed  from  the  air ;  a  qdkntity  of  its  carbon 
is  carried  oiFas  carbonic  acid,  and  a  quantity  of  its  hydrogen 
as  water.  This  action,  which  may  be  looked  upon  as  equi- 
valent to  the  various  processes  of  secretion  performed  upon 
the  blood  by  the  organs  of  animals,  by  which  substances 
adapted  to  the  use  or  structure  of  different  parts  are  there 
deposited,  whilst  others  unfitted  for  the  purposes  of  the 
organised  being  are  thrown  off,  is  carried  on  by  the  leaves, 
probably  by  all  portions  of  the  surface  of  the  plant,  and  is 
the  source  of  the  continued  exhalation  of  water  and  carbonie 
acid  which  occurs.  During  the  day,  and  especially  in  bright 
sunshine,  the  assimilating  power  of  the  plant  being  in  fiiU 
action,  carbonic  acid  is  taken  in  and  oxygen  given  out; 
during  the  night,  whilst  the  plant  is  in  repose,  this  nutri- 
tive action  ceases.  Through  the  whole  time,  however,  the 
process  of  the  secretion  is  carried  on,  water  and  carbonic 
acid  given  oiF,  though  in  such  proportion  only  as  to  secure 
at  the  end  of  the  twenty-four  hours,  an  excess  of  assimilated 
carbon  sufficient  fully  to  secure  and  account  for  the  rapidity 
of  growth. 

The  changes  of  constitution  which  accompany  the  ripen- 
ing of  fruit,  deserve  to  be  considered  more  in  detail  than 
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those  of  which  the  general  nature  has  been  just  noticed.  If 
we  examine  the  composition  of  a  young  apple,  we  find  it  to 
be  nearly  tasteless,  and  to  consist  of  a  loose  ligneous  tissue, 
in  which  is  imbedded  a  quantity  of  ordinary  starch  ;  as  its 
growth  proceeds,  the  starch  diminishes  in  proportional 
amount,  and  the  fruit  becomes  intensely  sour,  from  the  pre- 
sence of  tartaric  acid  ;  after  some  time  the  acidity  becomes 
of  a  much  less  disagreeable  kind,  and  the  tartaric  acid  is 
found  to  be  replaced  by  malic  acid ;  and  in  the  next  and 
concluding  stage  of  maturity,  this  acid  disappears,  its  place 
being  taken  by  pectine  and  by  sugar.  During  the  whole  of 
these  actions,  oxygen  is  absorbed  from  the  air,  and  water  and 
carbonic  acid  given  off.  Their  theory  is  simply  indicated : 
thus,  starch,  which  is  CuBioOio  absorbing  14'0,  produces 
6Aq.,  and  4.CO2,  with  tartaric  acid,  C8H4O10 ;  and  of  this, 
three  atoms  absorbing  6*0,  produce  8.CO3  and  4.Aq.,  with 
two  atoms  of  malic  acid,  S(C8H408).  The  change  of  tartaric 
to  malic  acid  may  also  occur  without  the  absorption  of  oxy- 
gen from  the  air,  as  6(C8H40io)  may  produce  5{Csiifis)  with 
8.CO,  and  4Aq. ;  but  as  fruits  do  not  ripen  in  close  vessels, 
unless  when  they  absorb  oxygen,  the  former  is  more  proba- 
bly the  process  which  actually  takes  place.  The  formation 
of  the  pectine  and  sugar  from  the  malic  acid,  may  be  pro- 
duced by  the  absorption  of  oxygen  and  the  giving  off  of 
water  and  carbonic  acid,  as,  8(C8H408)  with  9. HO  and 
6.0.  produce  pectine  C^HnOss,  sugar,  ^(CiaHisOis)  with 
I6.CO3.  Iliat  neither  pectine  nor  sugar  are  derived  ori- 
ginally from  the  starch  is  evident,  as  the  starch  abounds  but 
in  the  very  earliest  stage,  and  gives  place  to  the  tartaric 
acid,  whilst  the  increase  in  quantity  of  the  gelatinous  and 
saccharine  matter  is  proportional  to  the  disappearance  of 
the  acid  constituents  of  the  fruit. 

When  our  knowledge  of  the  ultimate  effect  of  the  com- 
plex actions  of  plants  upon  the  atmosphere  was  still  uncer- 
tain, it  was  considered,  and  upon  very  rational  grounds, 
that  the  plant  was  indebted  for  its  carbon  to  the  organic 
substances  of  the  soil,  and  the  necessity  for  a  continued 
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supply  of  animal  or  vegetable  manure,  to  keep  up  the  fer- 
tility of  the  Boil,  was  thus  satisfactorily  explained ;  it  was 
considered  that  the  roots  and  leaves  remaining  from  the 
preceding  crop,  or  intentionally  mixed  up  with  the  soil,  were 
converted,  as  already  described,  into  ulmine,  which,  either 
by  itself,  or  in  combination  with  inorganic  bases,  was  taken 
up  by  the  absorbing  rootlets  of  the  plant,  carried  into  its 
vessels  and  assimilated  to  the  constituents  of  its  tissues ;  for, 
in  fact,  if  we  examine  at  any  moment  any  kind  of  fertile  soil, 
we  find  it  to  contain  abundance  of  a  kind  of  ulmine  (geic  acid, 
p.  1082);  we  find  this  ulmine  to  be  a  product  of  the  decom- 
position of  the  organic  substances  used  as  manure ;  we  find, 
that  in  barren  soils  the  ulmine  is  either  absent,  or  it  exists 
in  another  isomeric  form  (humine,  &c.),  and  hence  the  vege- 
tation appeared  distinctly  connected  with,  and  attributable 
to  the  quantity  of  geine  present.    But,  notwithstanding  such 
plausible  evidence,  Liebig  has  brought  forward  very  strong 
proof  that  the  action  of  the  ulmine  can  be  but  secondary 
towards  the  nutrition  of  the  plant.     His  arguments  are  de- 
rived from  the  facts ;  first,  that  the  plant  may  fully  vegetate, 
though  totally  unconnected  with  the  ground,  as  has  been 
proved  by  experiments  upon  cellular  plants,  suspended  in 
the  air,  and  supplied  with  water ;  second,  that  from  the  in- 
solubility of  every  kind  of  ulmine,  either  free  or  when  com- 
bined with  earthy  bases,  which  alone  are  presented  in  suf- 
ficient quantity  in  the  soil,  it  cannot  be  directly  absorbed  by 
the  rootlets  of  the  plant,  which  totally  reject  every  kind  of 
solid  matter  ;  and  third,  that  if  we  compare  the  quantity  of 
ulmine  in  a  soil  before  the  growth,  and  after  the  collection 
of  a  crop,  we  find  the  diminution  to  be  so  small  when  com- 
pared with  the  great  quantity  of  carbon  contained  in  the 
mass  of  vegetable  matter  that  has  been  obtained,  as  fully  to 
prove  the  produce  of  carbon  in  the  crop  to  bear  but  an  in- 
direct, if  any  proportion  to  the  quantity  of  ulmine  in  the 
soil.    The  true  office  of  the  organic  matter  in  the  soil  ap- 
pears to  be,  that  by  its  gradual  decomposition,  a  constant 
supply  of  carbonic  acid  is  afforded  to  the  plant,  by  which, 


ASSIMILATION    OF    NITROGEN.  1113 

during  the  first  stages  of  its  development,  and  whilst  des- 
titute of  the  expanse  of  leaf  requisite  to  collect  the  necessary 
quantity  of  nutriment  from  the  air,  a  more  concentrated,  and, 
as  it  were,  richer  food  is  applied  to  the  absorbing  roots,  and, 
its  healthful  and  rapid  growth  thus  provided  for  ;  it  is  not, 
therefore,  the  ulmine  of  the  soil,  but  the  organic  matter 
generally,  in  changing  into  ulmine,  that  may  supply  carbon 
to  the  young  plant ;  the  office  of  the  soil-ulmine  Tgeic  acid) 
being  different,  as  shall  be  shortly  shown  ;  and,  even  in  this 
action  of  the  organic  matters,  the  functions  of  the  plant 
remain  the  same,  being  the  absorption  of  carbonic  acid,  and 
evolution  of  oxygen. 

Agnmilaiion  of  Nitrogen  by  Plants. 

The  organic  substances  which  contain  nitrogen  belong  to 
two  classes  ;  those  of  the  first,  which  constitute  the  active, 
or  characteristic  principles  of  many  plants,  although  of  much 
interest  in  relation  to  medicine,  and  to  abstract  science,  are 
of  very  little  importance  with  reference  to  the  growth  of  the 
plant,  and  its  use  as  food.  The  bodies  whose  origin  and 
properties  are  here  of  interest,  belong  to  that  class  of  vegeto- 
animal  substances,  as  albumen,  gluten,  legumine,  of  whose 
extraordinary  power  in  inducing  catalytic  decompositions  of 
other  bodies,  I  have  so  often  spoken  ;  they  are  found  in  all 
parts  of  the  plant,  dissolved  or  diffused  through  its  juices, 
but  especially  collected  where  transformations  necessary  for 
growth,  or  germination,  are  to  be  accomplished.  Although 
present  in  but  small  quantity,  no  function  of  the  plant,  in 
any  stage  of  its  existence,  could  be  accomplished  without 
their  aid.  The  conversion  of  starch  into  sugar,  for  the  nu- 
trition of  the  germ ;  of  starch  or  lignine  into  the  vast  variety 
of  secretory  products  in  the  adult  plants;  the  elaboration  of 
the  fruit,  its  ripening,  and  even  the  ultimate  destruction  of 
the  vegetable  tissues,  have  their  origin  in  a  series  of  actions, 
induced  and  maintained  by  communication,  from  the  active 
fermentation  of  these  azotized  materials. 

Not  merely  does  the  presence  of  this  class  of  bodies  re- 
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gukle  the  proper  performaiiGe  of  the  fiinctions  of  the  pUnt, 
bill  they  play  an  equally  importaDt  part  in  &Youring  the 
atsimilation  of  vegetable  matter  when  used  as  food  by  ani- 
mals. Boosungauk  has  shown  by  experiments,  to  wbieh  I 
shall  have  occasion  again  to  refer,  that  in  herbiverous  animals, 
the  total  quantity  of  nitrogen  assimilated  for  the  growth  of 
its  muscular  and  other  tissues  is  derived  from  and  equal  to 
that  contained  in  the  vegetable  substances  used  as  food^ 
and  that  hence  to  ascertain  the  nutritive  value  of  any  or- 
ganic substance  it  is  only  necessary  to  detenmne  the  quan- 
tity of  nitrogen  which  it  contains.  The  results  so  calculated 
agree  with  the  mean  experimental  results  of  the  most  en« 
lightened  agriculturists,  within  limits  as  narrow  as  could  be 
expected  in  experiments  of  that  kind,  and  may  by  further 
research  be  brought  to  still  greater  accuracy. 

Like  the  carbon,  the  nitrogen  of  plants  is  obtained  in 
great  part  by  absorption  from  the  air,  but  yet  it  is  not  merely 
gaseous   nitrogen  which  is  assimilated.    The  *  atmosphere 
always  contains  a  quantity  of  ammonia,  derived  from  the  pu- 
trefaction of  organic  bodies.    This  is  absorbed  and  passes 
into  the  constitution  of  a  new  set  of  plants,  and  from  them 
to  animals,  to  be  again  thrown  into  the  air  after  thek  death, 
and  thus  circulate  from  age  to  age,  entering  into  the  consti- 
tution of  each  successive  race  of  org^iiaed   beings.     We 
cannot  refer,  however,  die  total  quantity  of  nitrogen  in  plants 
to  this  one  source ;  for  if  the  produce  of  one  year  derived  its 
nitrogep  only  from  the  decomposition  of  the  plants  of  the 
previous  year  the  total  quantity  should  be  constant,  whereas 
experience  teaches  ujs,  th^t  by  proper  methods  the  quantity 
of  vegetables  produced  on  a  soil  may  be  continuously  in- 
crease^t  ai^d  for  this  the  nitrogen  must  be  derived  strictly 
by  absorption  fropi  the  air. 

Plants  vary  exceedingly  in  the  facility  ^ith  which  they 
derive  nitrogen  from  the  air,  whether  by  direct  absorption  of 
gas,  or  as  ammonia.  Thus  trefoil  vegetates  and  thrives  nearly 
as  well  when  planted  in  pure  sand,  and  supplied  only  with 
water  and  air,  as  when  sown  in  ordinary  sml  $  and  when  fully 
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grown,  the  quantity  of  nitrogen  is  found  to  be  increased 
twenty-six  per  cent. ;  but,  on  the  contrary,  wheat  grows  but 
slowly  under  the  same  circumstances,  makes  no  attempt  to 
flower,  and  on  analysis  the  whole  plant  is  found  to  contain 
even  a  little  less  nitrogen  than  had  originally  existed  in  the 
seed.  Wheat  has,  therefore,  no  power  to  assimilate  nitrogen 
from  the  air,  while  trefoil  possesses  that  character  in  probably 
its  greatest  ligour.  Yet  wheat  when  fully  grown  is  rich  in 
nitrogen ;  its  seed  is  more  nutritious  than  that  of  any  other 
com,  as  it  contains  more  gluten ;  its  nitrogen  must,  there- 
fore, be  derived  from  another  source,  it  is  extracted  from 
the  organic  matters  of  the  soQ. 

Without  entering  here  into  the  question  of  the  nature  of 
manures,  which  will  require  especial  consideration,  it  may 
be  stated,  that  though  wheat  is  thus  peculiar  in  deriving  its 
supply  of  nitrogen  exclusively  from  the  soil,  yet  all  plantado 
so  in  a  greater  or  less  degree.  In  the  soil,  however,  the 
nitrogen  is  not  present  uncombined.  It  is  evolved  as  am- 
monia from  the  decomposing  organic  substances  of  the  ma- 
nures, and  hence  animal  manures,  as  producing  more  of  it, 
are  proportionally  richer.  It  has  been  already  noticed,  (p. 
1082),  that  the  ulmine  of  the  soil  is  always  combined  with 
ammonia,  which  it  retains  with  exceeding  force.  But  in 
presence  of  strong  bases,  such  as  lime,  which  all  fertile  soils 
contain,  the  ulmine  is  slowly  decomposed,  the  elements 
of  carbonic  acid  and  of  ammonia  are  eliminated  from 
it,  and  these  both  being  in  a  state  fit  for  absorption 
by  the  rootlets  of  the  plant,  are  assimilated  and  supply 
carbon,  nitrogen,  and  water.  Independent  of  the  am- 
monia derived  from  the  organic  substances  actually  con- 
tained in  the  soil,  much  of  that  diffused  through  the 
atmosphere  is  carried  to  the  roots  of  plants  by  showers  of 
rain,  and  by  the  direct  absorption  of  the  gas  by  the  porous  day. 
There  are  few  specimens  of  clay,  especially  if  they  contain 
iron,  which  do  not  give  out  ammonia  when  heated,  and  the 
absorption  occurs  with  greater  power  when  the  clay  has 
been  strongly  dried.     Hence  the  increased  fertility  often 
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given  to  a  soil  by  burmng  the  surface  to  the  depth  of  a  few 
inehes. 

Assimilation  of  Hydrogen, 

I  have  described  (p.  1 1 10)  as  the  source  of  the  carbonic 
acid  evolved  by  plants  during  the  nighty  the  conversion  of 
the  starchy  substance,  which  I  conceive  to  be  that  first 
elaborated  by  the  plant,  into  the  various  secretory  products^ 
acids,  colourings,  matters,  &c.  But  there  are  many  classes 
of  important  vegetable  products  in  which  hydrogen  so  far 
predominates,  that  we  must  conceive  for  their  formation 
water  to  be  decomposed,  and  its  oxygen  to  be  evolved  either 
free  or  in  combination  with  carbon.  Of  such  bodies,  gly- 
cerine, all  of  the  fixed  and  many  of  the  volatile  oils,  wax, 
and  caoutchouc,  are  examples.  The  secretory  action  may 
thus,  in  place  of  opposing  that  of  the  respiration  of  the  plant, 
coincide  with  it  in  result,  according  to  the  nature  of  the  sub- 
stances formed,  since  if  all  of  the  carbon  of  the  starch 
remains  in  the  constitution  of  the  secretion,  oxygen  is  evolved 
from  the  water  which  is  decomposed  to  supply  the  necessary 
quantity  of  hydrogen. 

Of  the  Inorganic  Constituents  of  Plants. 

If  we  make  a  plant  vegetate  in  water  which  holds  dis- 
solved small  quantities  of  inorganic  salts,  we  find  that  as 
long  as  the  plant  remains  in  heakh  it  exercises  upon  these 
salts  a  remarkable  discretionary  power  of  absorption,  taking 
up  some  and  rejecting  others  which  pass  into  its  substance 
only  when  by  the  death  or  weakness  of  the  plant  the  liquor 
enters  the  tubes  by  merely  physical  capillarity.  If  a  plant, 
whose  tissues  have  been  thus  imbibed  with  saline  matters, 
by  its  own  spontaneous  power  of  absorption,  be  placed  in  a 
vessel  of  pure  water,  it  will  be  found  to  give  out  certain  of 
the  saline  matters  it  had  taken  up,  but  to  retain  others.  In 
this  manner  we  may  recognize  the  action  of  inorganic  salts 
upon  plants  to  be  of  three  kinds;  1st,  directly  poisonous, 
which  are  rejected  by  the  plant  as  long  as  it  is  in  health, 
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and  to  this  class  belong  most  substances  poisonous  to  man  ; 
2nd,  those  to  which  the  plant  appears  indifferent,  which  are 
taken  up  by  it  and  given  off  again,  without  any  apparent  in- 
fluence on  its  growth ;  and  3rd,  those  which  when  absorbed 
by  the  plant  are  assimilated  to  its  proper  tissues,  and  are  not 
g^ven  up  by  the  plant  to  water  in  which  it  may  be  immersed. 

The  bodies  of  this  last  class  are  all  combinations  of  alka- 
lies and  earths,  and  principally  with  organic  acids  ;  they  form 
the  ashes  of  the  plant  when  the  organic  matter  is  burned 
away,  and  then  always  possess  an  alkaline  reaction  from  the 
formation  of  carbonates.  As  a  general  principle  we  may  say, 
that  each  plant  requires  for  its  healthy  growth  inorganic 
substances  in  certain  quantity,  and  of  a  certain  nature  ;  but 
replacement  of  one  base  by  another  may  occur  in  certain 
cases,  without  positive  injury  to  the  plant.  Thus,  the  plants 
which  yield  soda  when  grown  upon  the  seashore  (salsola, 
salicornia),  if  transplanted  to  the  interior,  gradually  lose  the 
soda,  and  acquire  potash  in  its  place ;  so  that  after  a  gene- 
ration no  trace  of  the  former  alkali  remains.  The  ashes  of 
oaks  or  pines  grown  upon  a  granitic  or  basaltic  soil,  contain 
abundance  of  magnesia  and  of  potash,  whilst  trees  of  the 
same  species  will  flourish  on  a  limestone  soil,  and  in  their 
ashes,  lime  will  be  the  predominant  ingredient.  But  these 
cases  of  substitution  of  one  base  for  the  other  in  a  plant  are 
still  but  rare  exceptions  to  the  principle,  that  each  kind  of 
plant  requires  for  its  vigorous  and  healthy  growth  to  be  sup- 
plied with  inorganic  substances  of  a  specific  nature  and  in 
certain  quantity. 

It  is  this  principle  which  determines  the  more  successful 
cultivation  of  certain  plants  in  certain  soils.  Thus,  if  we  ex- 
amine the  composition  of  the  ashes  of  wheat,  we  find  abun- 
dance of  silica,  phosphoric  acid,  magnesia,  lime  and  potash. 
If  we  sow  wheat  in  a  soil  which  contains  neither  potash  nor 
phosphoric  acid,  some  of  the  materials  necessary  for  the 
perfection  of  the  plant  being  absent,  the  crop  cannot  be 
productive ;  but  if  we  previously  manure  the  soil  with  bone- 
dust,  with  ashes  of  weeds,  or  other  substances  which  may 
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sopply  the  neceaBary  inorganic  elraaeaU,  (heie  will  be  ab- 
sorbed, and  the  planto  obtain  their  full  development.  Even 
when  the  quantity  <^  the  required  inorganic  base  is  but  ex- 
ceedingly minute,  it  will  still  be  collected  by  the  vital  action 
of  the  i^ant  in  the  necessary  quantity.  Thus,  in  most  sea 
plants,  iodide  of  magnesium  exists  in  such  proportion  as 
that  it  affords  the  universal  source  of  iodine  for  all  technical 
and  scientific  objects ;  and  yet,  that  salt,  which  is  excessively 
soluble,  is  removed  by  the  plant  from  the  sea-water,  which 
contains  but  minute  traces  of  it,  and  retained  in  the  vegetable 
tissue  by  a  power  which  (Hrevents  it  being  washed  out  again. 
It  is  this  power  of  a  plant  to  search  for  and  remove  from  the 
sou  all  traoes  of  those  inorganic  bases  which  it  most  requires 
that  renders  many  8<»ls  incapable  of  bearing  successive  crops 
of  the  same  kind,  without  the  intermediate  application  of 
suitable  mineral  manures.  Bui  if  the  sml  be  of  such  nature 
as  to  contain  itself  those  elements,  it  may  become  truly  inex- 
haustible for  the  growth  of  most  species  of  plant.  It  is  hence 
that  soils  formed  by  the  decomposition  of  basaltic  rocks,  or 
of  modem  lavas,  are,  for  every  kind  of  crop,  some  of  the 
most  productive ;  the  facility  with  which  these  rocks  are  de* 
composed,  by  the  action  of  air  and  water,  provides  a  constant 
supply  of  soil  absolutely  new,  and  from  the  constitution  of 
these  rocks,  the  great  variety  of  their  mineral  components 
renders  such  s<h1  abundant  in  every  element  that  plants  in 
general  require. 

Of  the  Conftituiion  of  Saib  and  of  Manures. 

From  what  has  been  already  said,  it  is  easy  to  judge  of 
the  circumstances  which  render  a  soil  barren  or  productive, 
but  from  the  importance  of  the  subject  to  vegetable  phy- 
siology and  to  agriculture,  it  requires  more  detailed  exami- 
nation. 

The  organic  elements  of  the  plant  being  derived  for  the 
most  part  from  the  atmosphere,  the  office  of  the  soil,  so  far 
as  they  are  concerned,  is  reduced  to  supplying  to  the  roots, 
during  those  periods  where  there  is  not  a  sufficient  expanse 


CONSTITUTION    OF    SOILS.  1119 

of  foliage  to  absorb  nutriment  from  the  air,  the  carbonic 
acid  produced  by  tbe  gradual  rptting  of  the  ligneous  matter, 
and  ulmioe,  and  ammonia  from  the  azotized  elements  of  the 
manure.  For  this  purpose  the  schI  is,  in  respect  to  its  mi- 
neral composition,  unimportant ;  it  should  be  porous,  in 
order  to  admit  of  the  easy  penetration  of  the  rootlets,  and  to 
allow  free  access  of  oxygen  to  the  organic  matter  to  form 
carbonic  acid ;  it  should  yet  be  close  enough  to  retain  mois* 
ture  in  the  average  intervals  of  rain,  in  order  that  the  water 
necessary  for  vegetation  may  not  be  absent. 

These  physical  conditions  are  not,  however,  combined  in 
any  one  kind  of  mineral  material*  If  we  take  a  soil  of  pure 
sand,  or  of  pure  limestone,  we  find  them  so  loose  and  porous 
that  the  water  filters  off  almost  immediately  after  falling,  and 
the  plants  should  necessarily  perish.  If  a  soil  consist  of  pure 
clay,  its  tenacity  would  be  such,  as  totally  to  prevent  the 
access  af  air,  and  all  growth  of  the  absorbing  filaments  of  the 
roots.  To  combine  the  two  proper  conditions  of  a  soil,  the 
clay  should  be  mixed  with  the  porous  material,  in  propor- 
tions which  vary  with  the  nature  of  the  plant  to  be  cultivated; 
and  thus  the  simplest  soil,  in  order  to  fulfil  its  physical  con- 
ditions, as  supplemental  to  the  atmosphere,  should  contain 
two  minei'al  substances,  of  which  one  should  be  clay,  and  the 
other  lime,  or  silica,  and  as  in  practice,  unless  for  some  spe- 
cial object,  the  presence  of  caustic  lime  would  prove  inju*« 
rious  to  the  absorbing  rootlets,  this  should  be  present,  com"* 
bined  with  carbonic  acid,  as  in  any  of  the  usual  varieties  of 
limestone  rocks. 

The  proper  action  of  the  soil,  that  which  it  exercises  ia* 
dependently  of  its  office  in  replacing  the  atmosphere,  is  to 
supply  to  the  plant  those  inorganic  constituents,  the  im-p 
portance  of  which  have  been  already  shown.  For  this  pur- 
pose, a  far  greater  complexity  of  constitution  is  required. 
Thus  there  is  no  plant  that  does  not  contain  both  lime  and 
silica,  and  hence,  in  the  simplest  soil,  both  must  be  present. 
There  is  scarcely  a  plant  whose  ashes  do  not  contain  a  fixed 
alkali,   generally  potash,   and  hence  minerals  which  may 
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yield,  by  their  decomposition,  the  necessary  quantity  of  that 
base  should  be  present  in  a  fertile  soil  For  most  plants 
also  magnesia  must  be  supplied,  and  for  many,  and  especially 
the  various  kinds  of  com,  phosphoric  acid.  In  average  soils, 
most  of  these  bodies  are  naturally  present  in  the  necessary 
degree.  When  the  soil  has  originated  in  the  decomposition 
of  granitic,  or  of  slaty  rocks,  the  silica,  the  alumina,  and  the 
potash  are  abundantly  supplied  from  feldspar  and  from 
mica ;  lime  and  magnesia  also  may  be  derived  from  associated 
minerals ;  but  in  general  it  is  necessary  to  add  lime  to  such 
soils  in  order  that  the  quantity  necessary  to  full  fertility  may 
be  present  In  purely  limestone  soils,  clay  and  silicious 
gravel  must  be  added  ;  and  to  make  up  the  deficiency  in 
potash,  the  ashes  of  other  plants  and  cinders  of  coal.  If  the 
soil  be  purely  silicious,  the  addition  of  clay  and  lime  (marl) 
may  bring  it  to  the  proper  composition. 

In  tliese  few  words  are  contained  the  theory  of  what  are 
termed  mineral  manures,  with  few  exceptions.  In  adding 
lime,  or  marl,  bone  dust  or  cinders  to  a  soil,  we  either 
render  its  physical  condition  of  porosity  and  tenacity  more 
suitable  to  the  circumstances  of  the  plant,  or  we  supply 
some  ingredient  which  was  either  primitively  deficient  in  the 
soil,  or  bad  been  removed  from  it  by  a  previous  crop  of  the 
same  kind.  On  this  last  condition  is  founded  also  the  ne- 
cessity, in  an  economic  agriculture,  of  alternating  crops  which 
take  up  from  the  ground  materials  of  different  kinds.  Thus 
if  wheat  be  grown  upon  a  soil,  the  rocky  substance  of  which 
is  rich  in  potash  and  phosphoric  acid,  the  crops  will,  after 
a  few  years,  be  unproductive,  and  the  soil  impoverished,  be- 
cause the  rock  decomposes  too  slowly  to  supply  materials 
for  the  wheat  as  fast  as  they  are  required ;  but  if  we  take 
from  that  soil  a  crop  of  wheat  but  once  in  three  years,  and 
interpose  some  other  plant,  as  trefoil,  which  takes  up  but 
little  potash,  and  no  phosphoric  acid,  the  soil  has  time  to 
recover  its  constitution,  and  the  series  of  crops  thus  ar- 
ranged in  rotatory  order,  so  far  firom  impoverishing  the  soil, 
may  bring  it  to  a  higher  degree  of  richness,  by  the  addi- 
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tions  made  to  its  azotized  organic  components,  by  the  roots 
and  rejected  leaves  of  the  various  crops  which  are  left  upon 
ity  and  the  manure  derived  from  the  consumption  of  its  pro- 
duce by  animals. 

The  advantage  of  a  rotation  of  crops  m^y  be  thus  deduced 
from  the  necessity  of  the  soil  renewing  its  mineral  constitu* 
entSyby  the  gradual  decomposition  of  the  subjacent  rocky  mat* 
ter  (subsoil.)  But  the  observations  of  Macaire  and  Decan-* 
dollcy  indicate  another  and  not  less  important  reason  for  its 
use.  These  physiologists  have  found,  that  from  the  rootlets  of 
a  plant  the  same  process  of  excretion  is  carried  on,  as  by  its  stem 
and  leaves,  and  that  brown-coloured  substances  are  exuded, 
which  possess  much  analogy  with  tannin,  and  which  are 
poisonous  to  plants  of  the  same  kind,  when  dissolved  in  the 
water  with  which  their  roots  are  supplied.  On  the  other 
hand,  the  excretory  products  of  one  plant  may  be  used  with- 
out injury,  and  even  advantageously  for  the  growth  of  another 
plant  of  a  different  natural  family,  and  in  this  respect  the 
grasses,  and  the  leguminous  plants,  are  most  remarkable.  It 
is  hence,  probably,  for  example,  that  wheat  unfits  the  soil  for 
the  growth  of  another  crop  of  wheat,  not  merely  by  removing 
the  potash  and  phosphoric  acid  which  is  required  for  the 
perfection  of  its  parts,  but  it  also  gives  out  a  substance 
poisonous  to  a  plant  of  the  same  kind,^  but  which  acts 
beneficially  upon  the  rootlets  of  a  leguminous  plant,  favour- 
ing its  growth,  whilst  the  soil  has  time  to  regain  from 
the  subsoil  the  inorganic  materials  of  which  it  had  been 
deprived. 

The  utility  of  manures  may  now  be  easily  understood ; 
their  action  is  either  as  bone-earth,  marl,  lime,  cinders,  or 
silicious  gravel,  to  supply  to  the  soil  some  mineral  ingredient 
in  which  it  had  been  deficient,  or  to  provide  as  by  the  or- 
dinary vegetable  or  animal  manures,  soot,  &c.,  organic  matter, 
which,  by  its  decomposition,  may  give  out  carbonic  acid  and 
ammonia  for  the  nutrition  of  the  young  plants.  In  some  few 
cases  the  action  of  manures  is  more  indirect ;  thus,  the  le- 
guminous plants  (trefoil)  require  but  Httle  inorganic  matter. 
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bat  modi  aninonia>  and  yet  there  is  no  manure  so  efficient, 
in  the  promotion  of  tbeir  growth,  as  plaster  of  Paris,  (sul- 
phate of  Ume).  The  plant,  however,  contains  no  sulphate 
of  lime  ;  it  is  not  absorbed.  The  action  of  this  manure  ap- 
pears to  be,  as  was  first  suggested  by  Liebig,  that  acting  on 
those  substances  of  the  ulmine  family,  which  always  retain 
a  large  quantity  of  ammonia  intimately  united  in  the  soil,  it 
forms  by  double  decompomtion,  ulmate  of  lime,  and  sulphate 
of  ammonia,  which  last  being  soluble,  is  easily  absorbed  by 
the  rootlets  of  the  plant,  and  the  nitrogen  assimilated  to  its 
tissues. 

With  regard  to  organic  manures,  their  great  value  de- 
pends on  the  proportion  of  nitrogen  they  supply.  In  plants, 
the  great  mass  of  nitrogen  is  always  deposited  in  organs,  as 
the  seed,  the  tuber,  &c.,  which  for  that  very  reason  are 
sought  after  and  collected  by  man,  either  as  food,  or  for  me- 
dicinal purposes,  from  the  active  (asotized)  principles  they 
contain.  The  roots,  stems,  and  leaves  of  plants,  such  as 
are  rejected  in  the  collection  of  the  crop,  contain  little  ni- 
trogen, they  being  rejected  as  useless  for  that  very  reason. 
Hence  the  residue  of  a  former  season  may  manure  the  land 
abundantly,  so  far  as  carbon  is  concerned,  but  be  quite 
incapable  of  supplying  nitrogen,  and  in  providing  materials 
for  a  future  abundant  crop.  The  object  of  the  agriculturist, 
must  be,  so  far  as  organic  material  is  concerned,  to  supply  ni- 
trogen, especially  for  such  plants  as  the  different  species  of 
com,  which  are  incapable  of  deriving  that  important  element 
directly  from  the  atmosphere.  The  value  of  an  organic  ma- 
nure may,  therefore,  for  practical  purposes,  be  considered 
as  being  measured  by  the  quantity  of  nitrogen  which  it 
contains,  and  the  directness  or  indirectness  of  the  benefit 
derivable  from  it,  depends  upon  the  manner  in  which  tlie 
nitrogen  is  combined.  If  mere  ammoniacal  salts  be  used, 
or  materials,  as  animal  manures,  urine,  &c.,  which  soon  form 
ammoniacal  salts  by  their  putrefaction,  the  whole  benefit 
of  the  manure  is  given  to  the  crops  immediately  succeeding 
its  application ;  but  if  organic  substances  be  employed  which 
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resist  decomposition,  their  nitrogen  is  evolved  but  slowly, 
and  though  little  immediate  amelioration  be  observed  from 
their  addition  to  the  soil,  their  influence  is  gradually  and 
steadily  exerted,  and  becomes  ultimately  sensible  to  the  full 
degree  proportional  to  the  nitrogen  they  contain. 

A  mode  of  restoring  to  the  soil  the  principles  it  had  lost 
by  indiscreet  cultivation,  is  that  otfcMawing.  It  is  a  method 
synonymous  with  an  ignorant  and  improvident  agriculture. 
The  soil  having,  by  over  work,  lost,  on  the  one  hand,  some 
of  its  essential  mineral  ingredients,  requires  time  to  gather, 
by  the  decomposition  of  the  underlying  subsoil,  or  rock,  a 
proper  quantity  of  them  to  supply  the  elements  of  the  suc- 
ceeding crops,  and  having  been  deprived  of  its  organic  ele- 
ments, especially  the  nitrogen,  it  must  be  allowed  to  gain 
from  the  atmosphere  a  suitable  quantity  of  ammonia,  or  by 
the  gradual  rotting  of  the  roots  of  the  preceding  crop,  a 
quantity  of  carbonic  acid  suitable  to  the  wants  of  that  which 
is  to  follow.  But  all  of  these  effects  may  be  more  perfectly, 
and  more  profitably  secured,  by  the  intervention,  in  a  suc- 
cession suitably  arranged,  of  other  crops,  which  exercise 
upon  the  soil  actions  alternately  opposed.  Thus,  if  we  ar- 
range that  wheat,  which  probably  removes  from  the  soil  a 
greater  quantity,  and  a  greater  number  of  elements  than 
any  other  crop,  shall  be  succeeded  by  sown  grasses,  for 
forage,  or  hay,  wliich  as  they  are  not  allowed .  to  mature 
their  seeds,  exercise  but  little  deteriorating  aetion;  these 
again  by  oats,  the  exhausting.power  of  which  is  but  one-sixth 
that  of  wheat ;  then  peas  or  beans  manured ;  that  these  be 
followed  by  barley,  the  exhausting  power  of  which  is  one- 
third,  and  this  by  a  manured  green  crop,  the  soil  may  be 
brought  into  a  condition  superior  to  that  from  which  we 
had  set  out,  and  the  series  may  be  recommenced  with  wheat, 
the  soil  being  every  season  economized.  This  is  but  one 
of  the  many  kinds  of  rotation  which  have  been  found  by 
experienced  agriculturists  to  be  as  beneficial  in  practice  as 
theory  indicates  that  they  ought  to  be ;  and  no  other  reason 
can  be  assigned  for  allowing  a  field  to  lie  idle  every  second 
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or  third  year,  but  ignorance  on  the  part  of  the  farmer,  of 
what  could  otherwise  be  done  with  it. 

It  remains  only  to  notice,  in  relation  to  the  theory  of  the 
growth  of  plants 9  a  few  additional  circumstances  connected 
with  the  formation  of  some  of  their  peculiar  principles.  It 
is  not  unusual  to  hear,  from  even  intelligent  agriculturists, 
objections  to  the  cultivation  of  certain  plants,  on  the  grounds 
of  their  exhausting  the  soil  too  much.  A  plant  exhausts  the 
soil  only  in  consequence  of  its  forming  in  proportional  quan- 
tity some  substance,  the  elements  of  which  are  derived  from 
the  soil,  and  which  constitute  in  almost  every  case  the  va- 
luable portion  of  the  plant.  Wheat  exhausts  the  soil,  be- 
cause it  derives  therefrom  the  large  quantity  of  nitrogen 
which  its  grain  contains ;  but  it  is  precisely  that  great  quan- 
tity of  nitrogen  which  renders  wheat  more  valuable  in  the 
market  than  oats  or  barley.  Tobacco  exhausts  the  soil, 
because  it  takes  up  abundance  of  nitrogen,  with  which  it 
forms  its  nicotin  ;  the  more  of  the  active  principle  the  plant 
produces,  the  more  it  exhausts  the  soil,  but  in  the  same  pro- 
portion, the  greater  value  does  it  possess  when  sold.  To 
produce  indigo,  nitrogen  must  be  supplied  to  the  plants  by 
abundance  of  rich  manure ;  no  crop  is  more  exhausting ;  but 
without  the  nitrogen  no  colouring  matter  could  be  formed, 
and  the  plant  should  be  completely  worthless.  Examples 
of  this  kind  might  be  adduced  in  any  number,  but  these 
suflBce  to  place  in  a  distinct,  though  popular  aspect,  the 
general  principle,  that  where  a  plant  exhausts  the  soil, 
especially  as  to  its  nitrogen,  it  is  for  the  production  of  the 
substance  which  gives  the  plant  its  commercial  value  and 
importance,  and  that  hence  the  quantity  of  manure  neces- 
sary for  the  production  of  an  abundant  crop,  is  fully  repaid 
by  the  improved  quality  of  the  produce. 

Without  seeking  to  enter  into  the  general  question  of  the 
influence  of  the  physical  agents  on  vegetation,  which,  for  its 
discussion  would  cequire  more  extended  limits,  and  lead  to 
considerations  too  far  removed  from  chemistry  to  justify  its 
introduction,  I  shall,  in  concluding  this  sketch  of  the  che- 
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mistry  of  vegetation,  notice  the  peculiar  action  which  light 
exercises  upon  plants.  It  is  not  merely  that  it  acts  as  a  ge- 
neral stimulus,  and  thus  provokes  the  activity  of  nutrition, 
which  determines  the  ultimate  result  of  the  purification  of 
the  atmosphere  hy  plants,  and  that  its  withdrawal  is  fol* 
lowed,  with  plants  as  with  higher  beings,  by  a  torpor  and 
tendency  to  rest,  which  closes  their  petals,  and  folds  their 
leaves  at  night.  But  in  the  production  of  the  coloured  parts 
of  plants  the  agency  of  light  is  indispensable.  A  plant  which 
grows  in  darkness,  as  in  the  gallery  of  a  mine,  no  matter  to 
what  size  its  form  may  reach  by  means  of  a  copious  supply  of 
food,  remains  soft,  its  wood  unformed,  its  colour  pale ;  the 
chlorophyll  not  being  generated,  unless  under  the  influence 
of  light.  For  culinary  purposes  precisely  this  effect  is  pro- 
duced by  covering  up  the  stems  of  celery  and  asparagus,  the 
softness  and  whiteness  admired  upon  the  table  being  the 
evidence  of  the  sick  and  abortive  organization  of  the  stem. 

The  action  of  light  in  favouring  the  production  of  colour 
in  plants  is,  however,  accompanied  by  a  more  material  change. 
The  petals,  and  all  coloured  parts  of  plants,  except  the 
leaves,  absorb  oxygen  from  the  air.  This  is  precisely  what 
we  find  a  number  of  bodies  to  effect,  when  passing  from 
their  colourless  condition  to  that  in  which  their  proper  co- 
lour is  displayed.  Thus,  white  indigo  becomes  blue  by  ab- 
sorbing oxygen.  Thus  rocelline,  by  absorbing  oxygen  and 
giving  off*  water,  forms  erythrolitmic  acid.  It  is  thus,  too,  by 
deoxidizing  agents  we  may  remove  the  colour  from  logwood, 
archil,  and  the  flowers  of  most  plants,  and  restore  their  tints 
by  again  admitting  it.  Frequently  also  the  generation  of 
the  coloured  substance  is  accompanied  not  merely  by  an  ab- 
sorption of  oxygen,  but  by  an  escape  of  carbonic  acid ;  this, 
which  is  shown  in  the  laboratory  in  forming  orceine  from 
erythrine,  appears  to  take  place  in  the  tissues  of  most  flowers, 
which  rapidly  give  out  carbonic  acid  for  some  time  after  they 
have  first  opened. 

In  similar  actions,  carried  on  in  the  laboratory  by  means 
of  chlorine,  the  influence  of  light  in  furthering  the  removal 
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of  hydrogen,  and  even  of  carbon,  if  water  be  present,  is  most 
remarkable,  and  illustrates  the  operation  of  that  physical 
agent  in  producing  the  colours  of  plants  in  a  distinct  and 
satisfactory  way.  This  action  has  been,  however,  so  fiifly 
noticed  in  describing  the  general  chemical  agencies  of  light 
(p.  877).  and  the  action  of  chlorine  on  colouring  matters, 
(p.  1054)  that  I  deem  it  necessary  only  to  refer  to  what  has 
been  there  said  upon  the  subject. 


CHAPTER  XXX. 

OF    ANIMAL    CHEMISTRY. 

In  describing  the  various  classes  of  organic  bodies  which 
have  hitherto  come  under  our  notice,  I  have  made  no  dis- 
tinction as  to  their  animal  or  vegetable  origin,  for  the  point 
of  view  under  which  they  were  then  considered,  and  the  pro- 
perties which  they  manifested,  were  independent  of  their 
source.  It  was  thus  with  ethal,  the  fatty  acids,  and  colour^^ 
ing  matters,  and  indeed,  in  many  instances,  the  same  sub- 
stances were  found  to  be  products  of  both  kingdoms  of  or* 
ganized  nature.  In  the  pres^it  chapter  I  purpose  to  de« 
scribe,  so  far  as  our  accurate  knowledge  extends,  the  che* 
mical  history  of  those  bodies,  which  I  characterized  in  ano-> 
ther  place  (p.  774),  as  being  rather  argamixed  than  organic^ 
as  constituting,  not  merely  a  product  of  the  vital  operations 
of  the  being,  but  the  mechanism  itself  by  which  these  vital 
operations  are  carried  on,  as  making  part  of  the  tissues  es- 
sential to  its  proper'organization  and  life,  and  as  being,  whilst 
in  connexion  with  the  animal  and  participating  in  ite  life, 
protected  from  the  truly  chemical  reactions  of  their  proper 
elements,  which,  after  the  death  of  the  animal,  especially  in 
contact  with  air  and  water,  rapidly  assume  simpler  forms  of 
union,  and  breaking  up  the  complex  animal  tissue  into  a 
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crowd  of  binary  compoundsi  induce  the  change  well  known 
as  putrefaction. 

In  connexion  with  these  substances,  which  form  the  basis 
of  the  tissues  and  organs  of  the  animal  frame,  I  will  bring 
under  survey  the  processes  by  which,  from  the  atmosphere, 
or  from  the  materials  of  our  food,  the  substance  of  our  or- 
gans is  continually  renewed,  their  growth  provided  for,  and 
the  conditions  necessary  for  the  continuance  of  health  and 
life  maintained.  The  functions  of  respiration  and  of  di- 
gestion, so  fiir  as  the  chemical  phenomena  which  they  em- 
brace are  known,  the  composition  of  those  secretions  and 
excretions,  whose  agency  in  the  furtherance  of  those  pro- 
cesses has  been  studied,  will  here  be  described,  and  finally, 
the  composition  of  those  excretions,  which  have  for  their 
office  the  separation  of  elements  unfit  for  the  nutritioq  of  the 
beings,  or  which  are  not  intended  for  its  support. 

In  each  of  these  divisicms,  I  shall  add  to  the  descripticm 
of  the  composition  and  properties  of  these  tissues  or  secre- 
tions in  the  state  of  health,  such  facts,  in  reference  to  the 
modifications  introduced  by  disease,  as  have  been  observed 
with  proper  accuracy. 

SECTION  I. 

OF  THE  COMPOSITION  OP  THE  ANIMAL  TISSUES. 

A.  Of  the  Albuminous  Materials  of  the  Tissues. 

OfFibrine. 

This  substance  constitutes  the  basis  of  the  muscular  tis- 
sue, and  forms  an  important  constituent  of  the  blood.  In 
the  latter,  it  exists  dissolved  during  life,  but  separates  after 
death,  or  extraction  from  the  body,  producing,  with  the  co^ 
louring  material,  the  phenomenon  of  coagulation.  In  the 
muscles,  the  fibrine  is  arranged  in  a  truly  organized  and 
living  condition,  constituting  the  contractile  fibres,  in  which 
it  is  so  interwoven  with  nervous  and  vascular  filaments  as  to 
render  its  isolation  impossible.  To  obtain  pure  fibrine,  tfaere- 
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fore,  we  have  recourse  to  blood>  wbichy  if  immediately  on 
being  drawD,  it  be  briskly  agitated  with  a  little  bundle  of 
twigs,  does  not  coagulate,  but  the  fibrine  is  deposited  on 
the  twigs  in  soft,  tenacious  masses,  which,  being  washed  to 
remove  any  adhering  colouring  matter,  and  digested  in  al* 
cohol  and  ether  to  remove  some  traces  of  fatty  substances, 
which  adhere  to  it,  constitute  pure  fibrine,  which  may  be 
dried  by  a  gentle  heat,  and  appears  then  as  a  yellowish 
opaque  mass,  hard,  tasteless,  and  inodorous:  if  it  be  at  all 
transparent,  this  results  from  traces  of  adhering  fat.  It  is 
insoluble  in  water,  alcohol  and  ether;  it  absorbs,  however, 
so  much  water  as  to  treble  its  weight,  and  thereby  recovers 
the  volume,  softness,  and  flexibility  it  possessed  before  being 
dried.  This  moisture  is  not  sensible  to  the  hand,  but  by 
strong  pressure  between  folds  of  bibulous  paper,  it  may  be 
removed  and  the  fibrine  rendered  completely  dry.  When 
boiled  with  water  for  a  great  length  of  time,  fibrine  is  de- 
composed and  dissolves,  but  it  does  not  form  any  kind  of 
gelatine. 

Fibrine  is  remarkable  for  decomposing  deutoxide  of  hy« 
drogen  rapidly  by  catalytic  force,  (pp.  381,  421),  evolving 
oxygen.  Several  of  the  animal  tissues  produce  this  effect, 
though  not  containing  fibrine.  Albumen  is,  however,  totally 
destitute  of  it. 

Fibrine  absorbs  cold  oil  of  vitriol,  and  swells  up  to  a  yel- 
low transparent  jelly.  On  the  addition  of  water,  it  shrinks 
up  and  becomes  hard  ;  but  if  all  the  excess  of  acid  be 
washed  away,  the  residual  mass,  which  is  a  neutral  compound 
of  fibrine  and  sulphuric  acid,  dissolves  in  pure  water.  With 
nitric  acid,  fibrine  evolves  nitrogen  and  nitric  oxide,  and 
forms  a  yellow  powder,  xanthoproteic  acid,  to  which  I  shall 
shortly  recur.  Tribasic  phosphoric  acid,  and  acetic  acid 
dissolve  fibrine.  The  solution  is  precipitated  by  the  mineral 
acids  and  by  caustic  potash,  an  excess  of  which  last,  how- 
ever, redissolves  the  precipitate.  The  mono,  or  bibasic 
phosphoric  acids,  act  as  sulphuric  acid  towards  fibrine.  If 
perfectly  dry  fibrine  be  digested  in  strong  muriatic  acid,  it 
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swells  up,  and  after  a  few  minutes  dissolves  into  a  rich  dark 
blue  liquid.  No  gas  is  evolved.  This  blue  liquor  is  precipi- 
tated by  yellow  prussiate  of  potash. 

Fibrine  is  dissolved  even  by  a  dilute  solution  of  caustic 
potash,  and  appears  thereby  to  neutralize  the  alkali  almost 
completely.  This  solution  is  coagulated  by  alcohol  and  by 
acids,  but  not  by  heat.  The  precipitates  given  by  acetic 
and  tribasic  phosphoric  acids  are  redissolved  by  an  excess. 

If  sulphate  of  soda,  or  nitrate  of  potash,  be  added  to 
newly  drawn  blood,  its  coagulation  is  prevented ;  and  if  fi- 
brine be  digested  in  a  strong  solution  of  nitre,  it  dissolves, 
forming  a  thick  liquid,  which  is  coagulated  by  heat,  by  al- 
cohol and  acids,  and  is  precipitated  by  the  salts  of  mercury, 
lead,  and  copper,  and  by  yellow  prussiate  of  potash.  This 
property  of  fibrine  will  again  come  under  notice. 

lihe  composition  of  fibrine  is  expressed  by  the  formula 
Cgoolie2o^ioo024o  +  PS3.  It  contains,  besides,  minute  quan- 
tities of  lime  and  magnesia,  so  that  when  icinerated,  it  leaves 
'  0*77  per  cent,  of  sulphates  and  phosphates  of  those  bases. 

Of  Albumen* 

This  substance  is  even  more  extensively  distributed 
through  the  animal  frame  than  fibrine.  Like  fibrine  it  exists 
in  two  conditions,  one  soluble,  and  the  other  insoluble  in 
water ;  but  whereas  the  fibrine  becomes  insoluble  almost  in- 
stantly on  being  withdrawn  from  the  body,  albumen  may 
retain  that  state  for  an  indefinite  time,  and  its  history  is 
therefore  more  complete.  In  its  soluble  form  it  exists  in  the 
blood,  the  egg,  in  the  serous  secretions,  in  the  humours  of  the 
eye,  &c. ;  in  the  insoluble  or  coagulated  form,  it  constitutes 
a  portion  of  most  of  the  solid  tissues.  Albumen  derives  its 
name  from  its  constituting  the  mass  of  white  of  egg. 

Soluble  Albumen. — ^This  is  obtained  in  the  solid  form  by 
evaporating  to  dryness,  at  a  temperature  which  shall  not  ex- 
ceed 120%  the  serum  of  blood,  or  white  of  egg,  the  mem- 
branous investments  of  the  latter  having  been  torn  up  by 
triturating  with  some  angular  fragments  of  glass.    The  dry 
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msM  is  jrellow,  transparent^  hard,  totigh,  and  contains,  besides 
the  albumen,  the  salts  and  some  other  constituents  of  the 
blood,  or  white  of  egg,  in  minute  quantity.  These  are  ex- 
tracted by  digestion  in  alcohol  and  ether,  which  leave  the 
albumen  pure.  When  thus  completely  dry,  it  may  be  heated 
beyond  2W  without  passing  into  the  coagulated  condition. 
If  digested  in  cold  water,  it  gradually  swells  up  and  finafly 
dissolves.  This  solution,  when  heated  to  a  temperature  be- 
tween 140^  and  150^,  coagulates.  If  dilute,  the  solution  may 
even  be  heated  to  165^  without  coagulating,  and  when  pre- 
sent in  very  small  quantity,  the  albumen  may  not  separate 
until  the  water  boils.  When  once  coagulated  in  this  manner, 
albumen  is  totally  insoluble  in  water ;  it  is  changed  into  its 
second  form.  The  solution  of  albumen  is  precipitated  by  al* 
cohol,  by  acids,  and  metallic  salts,  exactly  as  the  solution  of 
fibrine  in  saltpetre.  The  only  distinction  that  can  be  drawn 
between  the  two  is,  that  the  saline  solution  of  fibrine  is  par- 
tially decomposed  by  the  addition  of  a  large  quanUty  of 
water. 

The  precipitates  yielded  by  solution  of  albumen  with 
metallic  salts,  are  mixtures  of  two  distinct  substances ;  one 
a  compound  of  albumen  with  the  acid,  the  other  a  compound 
of  albumen  with  the  metallic  oxide;  the  former  is  generaiBy 
somewhat  soluble,  the  latter  insoluble,  and  hence  residts  the 
application  of  albumen,  as  an  antidote  to  mineral  poisons,  as 
corrosive  sublimate  and  blue-stone. 

Albumen  is  also  coagulated  by  many  organic  bodies,  as 
tannic  acid  and  kreasote,  which  last  acts  catalytically,  as  a 
very  minute  quantity  of  it  coagulates  a  large  quantity  of 
albumen,  without*  entering  into  combination  with  it. 

Coagulated  Albumen  is  obtained  by  heating  serum  of  the 
blood,  or  white  of  egg,  to  between  140^  and  150°,  so  that 
they  solidify ;  washing  the  mass  with  water,  digesting  with 
alcohol  and  elher  until  all  soluble  is  removed,  and  then 
drying  with  care.  Thus  prepared,  it  retains  some  inorganic 
salts,  principally  phosphate  of  lime,  from  which  it  may  be 
obtained  free  as  follows.    The  serum  of  the  blood  is  to  be 
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coagulated  by  muriatic  acid;  the  coagulum  washed  with 
acidulated  water,  and  then  so  much  pure  water  added  as 
may  dissolve  it  This  solution  being  then  decomposed  by 
carbonate  of  ammonia,  the  pure  albumen  is  separated  as  a 
flocculent  white  precipitate. 

When  dry  it  is  yellow  and  transparent ;  in  every  che- 
mical character,  except  its  relation  to  deutozide  of  hydrogen, 
it  identifies  itself  with  fibrine,  and  it  is  hence  unnecessary  to 
repeat  the  details  of  these  reactions ;  in  its  composition  it  is 
very  closely  related  to  it;  their  organic  element  is  the  same, 
and  they  differ  only  in  the  quantity  of  sulphur;  the  formula 
of  albumen  being  CMoHeM^iooOs4o  +  ^^4*  The  quantity  of 
ashes  remaining  from  albumen  is  greater  than  from  fibrine. 

The  comparative  history  of  these  bodies  as  now  given 
leads  to  considerable  doubt,  as  to  how  far  they  are  chemi- 
cally distinct,  although  their  physiological  characters  are  so 
different.  Mulder,  to  whose  accurate  researches  we  are  in- 
debted for  the  greater  part  of  our  knowledge  of  the  constitu- 
tion of  these  bodies,  looks  upon  both  as  compounds  of  the 
real  organic  substance,  which  he  terms  proteine,  with  sul- 
phurets  of  phosphorus.  In  fact,  the  sulphur  and  phosphorus 
may  be  removed  by  very  simple  methods,  and  the  body 
(protelne)  which  then  remains  deserves  attentive  study. 

Wbad  albumen,  fibrine,  cheese,  or  flesh,  is  freed  by  di- 
gestion in  water,  alcohol,  and  ether,  from  all  bodies  soluble 
in  these  liquids,  and  that  by  dilute  muriatic  acid  all  earthy 
salts  have  been  removed,  it  is  to  be  dissolved  in  a  dilute 
solution  of  caustic  potash,  and  heated  to  120°,  whereby  the 
sulphur  and  phosphorus  form  phosphate  of  potash  and  sul- 
phuret  of  potassium*  From  the  filtered  liquor  the  protein 
may  then  be  precipitated  by  acetic  acid,  which  must  be  added 
only  in  very  slight  excess,  as  otherwise  the  precipitate  would 
be  redbsolved. 

Protein  forms  greyish-white  gelatinous  flocks,  which, 
when  dried,  become  hard  and  yellow,  and  give  an  amber- 
coloured  powder.     It  absorbs  water,  swells  up,  and  regains 
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the  appearance  it  had  before  being  dried.     By  long  boiling 
with  water  it  is  decomposed  and  dissolved. 

Protelne  dissolres  in  all  rery  dilute  acids,  forming  neutral 
compounds  which  are  insoluble  in  strong  acid  liquors,  and 
are  hence  precipitated  on  the  addition  of  strong  acids,  except 
the  acetic  and  tribasic  phosphoric  acids.  With  oil  of  vitriol 
it  combines  as  described  under  the  bead  of  fibrine,  and 
forms  proiea^MtUpkurie  acid.  It  combines  also  with  earthy 
and  metallic  ojudes,  forming  insoluble  compounds,  which  are 
identical  in  characters  with  those  obtained  with  albumen. 

The  composition  of  proteine,  as  found  by  Mulder,  and  . 
confirmed  by  the  analyses  of  its  acid  and  basic  combinations, 
is  expressed  by  the  formula  CmHsiNsOu.  We  may  evi- 
dently consider  albumen  and  fibrine  as  compounds  of  pro- 
tein, for  if  we  represent  Proteine  by  the  sombol  Prt.  albumen 
becomes  Prt.90  4-  PS4  and  fibrine  is  Prt.ao  +  PSg.  I  consider, 
however,  that  the  state  of  combination  of  these  bodies 
requires  some  further  consideration. 

It  is  found  that  proteine  constitutes  the  basis,  not  merely 
of  the  animal  substances  now  under  examination,  but  that 
it  is  obtained  also  from  vegetable  albumen,  gluten,  and  le- 
gumine,  (p.  893),  and  constitutes  the  pure  caseous  matter 
of  milk,  and  that  the  similarity  of  properties  and  composition 
in  these  bodies,  is  such  as  to  justify  us  in  looking  upon  them 
as  identical.  We  have  seen  that  between  albumen  and 
fibrine,  the  distincUve  chemical  characters  are,  if  any,  so 
trivial,  as  to  leave  no  firm  ground  for  their  distinction  in 
that  way,  and  }f  we  examine  the  evidence  of  their  being 
compounds  of  protein  with  sulphur  and  phosphorus,  we 
shall  find  them  quite  inconclusive.  First,  it  is  not  certain 
that  such  sulphurets  of  phosphorus  exist  as  PSs  and  PS4 ; 
second,  the  compounds  of  sulphur  and  phosphorus,  do  not 
manifest  any  tendency  whatsoever  to  combination ;  and 
third,  in  all  the  reactions  of  albumen  and  fibrine,  the  pro- 
tein on  the  one  hand,  the  sulphur  and  phosphorus  on  the 
other,  act  as  if  they  were  totally  distinct.  I  look  upon  al- 
bumen and  fibrine,  whilst  in  connexion  with  the  body,  as 
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organized  and  liying  substances,  in  whose  functions  the 
minute  quantity  of  sulphur  and  phosphorus  may  act  an  im- 
portant part,  as  a  catalytic  body.  The  proteine,  I  consider, 
not  with  Mulder  as  the  basis  of  our  tissues,  but  as  the  sim* 
plest  product  of  their  decomposition.  It  enters  in  combina- 
tion with  acids,  and  with  bases,  as  indigo  or  morphia  do, 
which  I  look  upon  as  totally  foreign  to  the  character  of  a 
body  possessed  of  vital  properties. 

Having  thus  described  what  I  consider  to  be  the  true 
place  of  protein,  in  relation  to  albumen  and  fibrine,  I  shall 
briefly  notice  some  of  its  derived  compounds. 

Chloroproteic  Acidic  formed  by  passing  chlorine  into  a 
solution  of  albumen.  It  is  a  white  powder.  Its  formula  is 
C40H31N5O13  +  CI  O4.  By  ammonia  it  is  decomposed,  ni- 
trogen being  evolved,  and  a  white  substance  formed,  oxy^ 
protetn^ihe  formula  of  which  is  C4oH3iN50i5* 

The  formation  o{  xanthoproteic  acidy  by  the  action  of 
nitric  acid  on  fibrine,  has  been  already  noticed.  It  is  an 
orange-yellow.  powder,  when  washed  from  adhering  acid, 
tasteless  and  inodorous,  but  reddens  moist  Utmus  paper. 
Insoluble  in  water,  alcohol  and  ether,  it  unites  with  acids^ 
forming  compounds  which  are  pale,  yellow,  and  insoluble ; 
with  bases  it  forms  soluble  salts,  generally  deep  red  coloured. 
Its  formula  is  C34H35N4O12. 

B.  Of  the  Gelatinous  ConstituenU  of  the  Tissues. 

Of  Gelatine. 
When  the  skin,  cellular,  or  serous  tissues,  tendons,  and 
some  forms  of  cartilage,  as  that  of  bones,  are  boiled  in  water, 
they  dissolve  in  great  part,  and  form  a  solution  which 
gelatinizes  on  cooling.  Some  of  these  tissues,  as  the  skin, 
dissolve  easily,  and  almost  completely,  others  dissolve  but 
partly,  and  leave  behind  a  quantity  of  coagulated  albumen. 
In  most  kinds  of  cartilage,  a  very  prolonged  boiling  is  ne- 
cessary to  extract  any  sensible  quantity  of  gelatine.  These 
various  tissues  are  thus  found  to  consist  of  albumen  and 
gelatine,  united  in  various  proportions,  and  each  presenting 
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various  degrees  of  condensation  of  texture,  but  by  boiliog 
tbey  may  be  completely  separated  from  each  other. 

The  gelatine  is  known  in  commerce  as  the  material  of 
isinglass  and  of  common  glue.    When  pure  it  it  colourkst 
and  transparent,  very  sparingly  soluble  in  cold  water,  by 
contact  with  which,  however,  it  sweUs  up  and  softens.    In 
hot  water  it  dissolr es  readily,  and  on  cooling,  forms  so  strong 
a  jelly,  that  with  j^  part  it  is  a  consistent  solid.    It  is  in- 
soluble in  alcohol  and  ether.    When  a  solution  of  gelatine 
is  long  exposed  to  the  air,  or  frequently  heated  and  cooled, 
it  undergoes  a  commencement  of  putrefaction,  and  loses  its 
property  of  gelatmiaing.     The  composition  of  gelatine,  by 
Mnlder*s  analyses  is  expressed  by  the  formula,  C^HioNsO^ 

The  action  of  re-agents  on  gelatine  is  in  some  cases  of 
high  interest*  By  digestion  with  strong  sulphuric  acid,  as 
with  caustic  potash,  the  same  results  are  obtained.  Am- 
monia is  evolved,  a  white  crystalline  body  (ieueme)  and  a 
sweet  substance  (wgar  qfg&laikie)  are  formed.  They  are 
separated  from  each  other,  and  from  some  less  important 
products,  by  repeated  crystallisations.  From  its  alcoholic 
sohition,  Uwine  separates  in  brilliant  colourless  plates.  It 
feels  greasy,  is  tasteless  and  inodorous ;  heated  to  336^  it 
sublimes  totally  undianged.  It  dissolves  in  twenty-aght 
parts  of  cold  water,  but  requires  6S5'  parts  of  alcohol,  and 
is  insoluble  in  ether ;  its  formula  is  C12H19NO4.  It  combines 
with  nitric  acid  to  form  nUro-iemeie  acidy  which  crystallizes 
in  brilliant  needles,  and  forms  with  bases  neutral  salts.  Its 
formula  is  CttHuN04  +  NOv  Aq. 

The  Sttgar  of  GehMne  crystallizes  from  its  solution  in 
alcohol,  by  spontaneous  evaporation,  in  large  prisms,  which 
are  colourless,  taste  sweet,  and  feel  gritty  between  the  teeth. 
It  is  decomposed  by  heat  At  60^  it  dissolves  in  five  parts 
of  water,  but  it  is  sparin^y  soluble  in  alcohol  and  ether. 
The  crystals  consist  of  CmI^N40ii  +  3  Aq.  It  forms  with 
bases,  well  characterized  compounds,  and  unites  also  with 
mtric  add. 

When  acted  on  by  chlorine,  gelatine  is  converted  into  a 
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white  flocculent  substance,  insoluble  in  water,  but  dissolved 
by  an  excess  of  gelatine*  Its  composition  is  expressed  by 
the  formula  CaiH4oN802o  + CIO4)  consisting,  therefore,  of 
four  atoms  of  unaltered  gelatine,  and  one  atom  of  chlorous 
acid.  Gelatine  is  not  precipitated  either  by  solutions  of 
ordinary  or  of  basic  alum,  but  if  a  solution  of  common  salt 
be  also  mixed,  the  gelatine  falls  down,  combined  with  alu- 
mina, as  it  decomposes  the  muriate  of  alumina  which  is 
then  formed.  On  this  principle  is  founded  the  manufac- 
ture of  white  leather,  by  a  kind  of  tanning  with  alum. 

The  most  important  compound  of  gelatine  is  that  with 
tannic  acid,  which  constitutes  ordinary  leather.  This  re- 
action is  so  distinct,  that  one  part  of  gelatine  in  5000  of 
water,  is  at  once  detected  by  infusion  of  galls.  The  consti- 
tution of  the  precipitate  varies  according  as  one  or  other  of 
these  materials  are  employed  in  excess,  the  tannic  acid  and 
gelatine  being  capable  of  uniting  in  at  least  three  different 
proportions ;  100  parts  of  dry  gelatine  combine  with  136 
parts  of  tannic  acid,  when  the  latter  is  in  great  excess ;  this 
compound  contains  an  atom  of  each  ingredient. 

The  technical  applications  of  gelatine  are  numerous, 
and  for  the  most  part  well  known.  For  glueing  together 
wood,  paper,  &c.,  thickening  colours,  filling  up  the  pores 
of  writing  paper,  and  as  isinglass  and  calves'  feet  jelly,  an 
article  of  food,  it  is  abundantly  employed ;  but  its  most  im- 
portant use  is  in  the  manufacture  of  leather.  The  skins 
are  cleaned  by  digestion  with  lime  and  scraping  with  a  knife, 
from  the  hair  and  epidermis  on  the  one,  and  the  loose  cel- 
lular tissue  on  the  other  side,  and  then  steeped  in  pits  cour 
taining  an  infusion  of  oak  bark,  valonia,  sumac,  or  other 
of  the  substances  rich  in  tannic  acid  (p.  1009).  At  first  the 
tanning  liquor  is  used  very  weak,  as  otherwise  the  surface 
of  the  skin  would  become  impervious,  and  the  interior  could 
not  afterwards  be  tanned ;  but  having  passed  through  a  suc- 
cession of  Uquors  gradually  becoming  stronger,  the  skins  are 
in  the  last  pit  interstratified  with  oak  bark,  and  so  for  a  con- 
siderable time,  submitted  to  the  action  of  the  tannic  acid  in 
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its  highest  state  of  concentration,  until  the  conversion  into 
leather  is  complete  throughout  the  entire  substance.  They 
are  then  remoyed  and  subjected  to  finishing  and  cleaning 
processes,  which  I  need  not  notice. 

Many  chemists  consider,  that  gelatine  is  merely  a  pro- 
duct of  the  decomposition  of  albumen  or  fibrine  by  boiling 
water,  and  not  a  true  constituent  of  the  tissues.  I  believe 
this  idea  to  be  incorrect  on  the  following  grounds,  first, 
pure  fibrine,  or  albumen,  gives  no  gelatine  by  boiling;  second, 
in  the  process  of  tanning,  the  tannic  acid  combines  with 
gelatine  in  a  skin  which  has  never  been  boiled ;  and  third, 
that  we  can  easily  understand  why  some  tissues  give  gelatine 
more  easily  than  others  by  the  different  degrees  of  conden- 
sation in  their  structure ;  but  I  rather  consider  that  gelatine 
bears  the  same  relation  to  the  organized  tissue  of  the  skin  or 
cellular  membrane  that  protein  does  to  the  fibrine  of  the 
blood  ;  being  really  a  product  of  its  death  and  decomposition, 
though  the  only  representative  of  it  which  we  can  have. 

Chondrine. — ^Those  cartilages  in  which  bone  is  not  de- 
posited, are  resolved  by  boiling  into  a  substance  possessing 
much  analogy  to  gelatine,  but  still  distinguished  from  it  by 
the  following  properties ;  it  precipitates  solutions  of  alum, 
sulphate  of  iron,  and  acetate  of  lead,  and  is  precipitated  by 
acetic  acid,  none  of  which  bodies  have  any  action  on  ordinary 
gelatine,  which,  however,  chondine  resembles  in  all  its  other 
characters ;  in  composition,  however,  it  differs,  its  formula 
being,  by  Mulder*s  analysis,  CieHuNsOr ;  it,  however,  con- 
tains a  trace  of  sulphur,  its  complete  formula  being  C^^oHaeo 
NmOi4o  +  S.  The  physiologist  Muller,  to  whom  the  dis- 
covery of  chondrin  is  due,  considers  that  the  skeleton  of  car- 
tilaginous fishes  yields  a  third  variety  of  gelatine. 

C.  Of  the  fatty  Constituents  of  the  Tissues. 

The  fatty  bodies  already  described  in  Chapter  XXIII. 
although  contributing  essentially  to  the  support  of  the 
animal  frame,  are  mere  secretions,  and  do  not  form  any 
portion  of  its  organized  tissues.    The  substances  properly 
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included  under  the  present  head,  are  the  constituents  of  the 
nervous  tissue,  such  as  it  is  found  in  the  brain,  the  spinal  cord 
and  nerves. 

In  the  composition  of  the  brain,  it  is  possible  to  dis- 
tinguish at  least  three,  perhaps  five,  distinct  substances  of  a 
fatty  nature ;  the  most  characteristic  and  important  is  termed 
Cerebrote;  its  mode  of  preparation  can  easily  be  gathered 
from  its  characters ;  it  is  a  white  powder,  tasteless  and  in- 
odorous, feeling  not  at  all  greasy,  but  like  starch ;  when 
heated  It  does  not  melt  until  it  has  become  brown,  and  in 
great  part  decomposed ;  it  is  insoluble  in  water,  sparingly 
soluble  in  alcohol  or  ether  when  cold,  but  abundantly  when 
hot:  on  cooling,  it  is  deposited  from  its  alcoholic  solution,  as 
a  white  powder,  not  at  all  crystalline ;  it  is  not  acted  upon 
by  alcalies«  In  composition  it  resembles  albumen,  containing 
a  large  quantity  of  nitrogen,  with  sulphur  and  phosphorus 
in  minute  quantity,  but  its  precise  formula  cannot  be  con- 
sidered as  being  yet  established. 

Cerebral  is  a  liquid  reddish  oil,  having  the  odour  of  fresh 
brain,  and  a  diBagreeable  rancid  taste.  It  is  soluble  in  all 
proportions  in  ether  and  in  oils,  but  only  moderately  so  in  al- 
cohol. It  contains  the  same  elements  as  the  cerebrote,  and 
apparently  in  nearly,  if  not  exactly,  the  same  proportions, 
but  the  analyses  of  Couerbe,  who  alone  has  examined  their 
composition,  are  not  authentic  enough  to  be  brought  forward. 
The  cerebrol  is  not  saponifiable,  nor  is  it  in  any  way  altered 
by  digestion  with  caustic  alkalies. 

In  addition  to  these  two  bodies,  the  brain  contains  a 
large  quantity  of  a  substance,  which,  from  having  been  first 
discovered  as  a  constituent  of  biliary  calculi,  is  termed  cho^ 
lesterine ;  it  is  insoluble  in  water,  but  dissolves  abundantly 
in  boiling  alcohol  from  which  it  crystallizes  on  cooling  in 
brilliant  plates ;  it  melts  at  290^,  and  sublimes  partially  by 
a  stronger  heat ;  it  dissolves  readily  in  ether ;  it  is  not  altered 
by  caustic  alkalies ;  its  formula  is  CaeHaoO.  By  treatment 
with  hot  nitric  acid,  it  is  converted  into  a  substance  which 
crystallizes  in  yellow  needles,  and  forms  with  bases,  yellow 
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lalta.    This  M  chideHerie  add^  the  fonnula  of  which  appears 
to  be  CttHaoNOu. 

Couerbe  has  described  as  constituents  of  the  brain  two 
other  fatty  bodies,  cephaloi  and  Miearoeemot;  they  are  brown 
coloured  resinous  bodies,  which,  I  consider,  will  most  proba* 
My,  on  re-examination  of  the  subject,  be  found  to  be  impure 
or  decomposed  mixtures  of  cerebrote  and  cephaloL  I  hence 
only  indicate  their  supposed  existence.  The  cholesterine,  I 
look  upon  as  being  deposited  in  fhe  brain  as  ordinary  fat  is 
in  the  cellular  tissue,  or  in  the  substance  of  other  organs, 
and  not  as  making  up  an  essential  portion  of  the  nerrous 
tissue.  This  idea  is  strengthened  by  the  fact,  that  the  dbo- 
ksterine  frequently  aggregates  in  the  brain  in  masses,  form- 
ing one  variety  of  the  fatty  tumours  of  that  organ* 

D.  Cftke  Salme Md  EstracH»e  QmUUaieHis  oftkeTUtues. 

We  find  in  all  of  the  animal  tissues  small  quantities  of  a 
great  variety  of  salts,  the  same  as  those  which  shall  be  here- 
after noticed  as  existing  in  the  blood,  to  the  presence  of 
which  in  the  substance  of  the  tissues  they  are  probably  due. 
In  the  tissue  of  the  bones  and  teeth,  however,  these  saline 
matters  are  deposited  in  much  greater  quantity,  and  in  dis- 
ease and  in  old  age  bony  deposits  occur  in  all  those  tissues 
which  yield  true  gelatine  on  boiling.  The  composition  of 
the  bones  and  teeth  will  be  hereafter  noticed. 

The  extractive  matters  of  the  tissues,  like  the  extractive 
matter  of  plants,  (p.  lOSS),  do  not  pre-exist  as  such,  but  are 
formed  by  the  decomposition,  by  protracted  boiling  in  water, 
of  the  fibrine,  albumen,  gelatine,  &c.,  which  they  really 
contain.  Berselius  has  pointed  out  the  existence  of  a  great 
number  of  diflferent  substances  that  are  thus  generated,  of 
which  two  need  here  only  require  notice.  For  the  first  the 
name  aamoMome  may  be  retained,  and  the  name  zamidine 
applied  to  the  second.  Ozmazome'is  soluble  in  water,  and  also 
in  absolute  alcohol ;  it  cannot  be  dried  by  heat,  but  forms  a 
semi-fluid  of  an  acid  and  salty  taste,  which  evolves  power- 
fully the  odour  of  concentrated  decomposing  urine.    Its  so- 
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lulion  in  water  is  yelloir,  it  is  precipitated  by  the  salts  of 
mercury^  lead,  and  tin. 

The  zomidine  is  insoluble  in  alcohol,  it  dries  down  to  a 
brown  extract  of  a  strong  and  agreeable  odour  of  soup.  It 
dissolves  in  water  in  all  proportions.  Its  solutions  are  pre- 
cipitated by  the  salts  of  lead  and  tin^  but  not  by  corrosive 
sublimate^  or  tincture  of  galls.  When  heated  it  gives  out 
an  odour  of  roasting  meat,  the  taste  and  smell  of  which  are 
indeed  due  to  its  formaticHi.  Both  ozmaz(»ne  and  zomidine 
contain  nitrogen. 

Of  the  Qmposiiion  of  the  Thsues  and  of  the  Secretions  in 
Health  and  in  Disease. 
Having  described  thus  the  constituents  of  the  tissues  indivi- 
dually, I  shall  now  present  such  results  as  have  been  hitherto 
obtained  as  to  the  quantitative  composition  of  the  organized 
tissues  formed  by  their  reunion,  their  secretory  products  and 
morbid  alterations. 

Of  the  Skin,  Epidermis,  and  Us  Modifications.— The  skin 
of  animals  is  a  congeries  of  finely  constructed  organs,  sen- 
sitive and  secretory,  imbedded  in  a  peculiar  tissue,  which  is 
one  of  those  most  easily  yielding  gelatine,  whence  the  pro* 
cess  of  tanning  skins.  The  relative  proportions  of  solid 
and  liquid  matter  in  a  skin  freed  from  adhering  fat  and  cel- 
lular membrane,  but  soft  and  imbibed  with  its  natural  pro- 
portion of  water,  was  found  by  Wienhalt  to  be 
Proper  cutaneous  tissues  including) 
blood-vessels  and  nerves    •    .    j 

Albumen 1*54 

Extractive  soluble  in  alcohol  0'8d 

Do.  soluble  only  in  water       .     •        7*60 

Water 57-50 

On  the  surface  of  the  skin  there  is  secreted  a  substance, 
which  though  varying  in  anatomical  structure  and  appearance 
exceedingly,  as  it  forms  the  fine  epidermis,  the  nails,  proper 
horn,  the  tortoise-shell,  feather8,hairs,&c.,is  yet,  throughout 
all  their  shapes,  identical  in  chemical  character,  and  may  be 
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described  as  the  same  sabstance.  The  beet  example  of  horn 
18  that  which  covers  the  process  of  the  frontal  bone  in  the 
ox.  It  varies  in  colour,  is  translucent,  tough  and  elastic. 
When  heated  beyond  SI 2^  it  softens  without  being  decom- 
posed, and  may  then  be  bent,  moulded,  and  soldered,  on 
which  properties  many  of  its  uses  depend.  It  is  scarcely 
further  acted  on  by  water  even  aft»r  an  ebullition  of  several 
days.  When  treated  by  strong  acids,  horn  is  softened  and 
becomes  soluble  in  water.  Heated  with  solution  of  caustic 
potash  it  evolves  ammonia,  dissolves,  and  the  liquor  contains 
sulpburet  of  potassium  and  an  organic  substance,  precipita- 
ble  by  an  acid.  The  composition  of  these  products,  or  of 
horn  itself,  has  not  been  accurately  examined. 

The  principal  mass  of  hair  is  composed  of  the  same  sub- 
stance as  horn,  but  the  colour  u  due  to  an  oil,  which  may  be 
extracted  by  ether.  If  by  virtue  of  the  sulphur  contained  in 
hair,  that  a  solution  of  litharge  in  lime  water  blackens  the 
hair.  Nitrate  of  silver  blackens  the  hair  also,  but  by  the  de- 
position of  the  metal.  When  horn  or  hair  is  strongly 
heated  they  fuse,  ^jt^^ff  carbonate  of  ammonia,  and  gases 
of  a  characteristicl^wreeable  smell;  if  air  be  present  they 
bum  with  a  brilliai^Hame.  The  perspiration  from  the  sur- 
face of  the  skin  varies  in  nature  according  to  the  part  of  the 
body,  it  is  generally  acid,  contains  traces  of  albumen,  fatty 
matter,  and  the  salts  of  the  blood.  It  often  contains  a 
volatile  ^odorous  principle  characteristic  of  the  animal  by 
which  it  is  secreted. 

Of  the  Cellular  and  Serous  TUsuee. — ^These  tissues  are 
constituted  of  gelatinous  material,  similar  to  that  in  the  skin, 
and  hence  dissolve  by  boiling  in  water,  being  converted  into 
gelatine.  In  the  natural  condition  of  these  membranes  their 
surfaces  are  moistened  by  a  watery^  liquid,  which  accumulat- 
ing in  excessive  quantity  gives  rise  to  the  dropsies  of  the  cavi- 
ties or  of  the  cellular  tissue.  This  serum  of  the  cavities  is 
clear  and  colouriess.  It  reacts  alkaline ;  its  specific  gravity, 
1*010  to  1*0M;  its  composition,  though  liable  to  fluctuate, 
is,  in  general,  as  found  by  Berzelius. 
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Albumen,    . 1*66' 

Substance  soluble  in  alcohol,  •      S'32 

Free  soda, 6-28 

Alkaline  chlorides,  .  •  .  .  6*09 
Earthy  Phosphates,  ....  0*09 
Water, 987-56  j 

In  the  serum  of  dropsical  effusions  I  have  found  stea- 
rine,  elaine,  and  urea.  This  observation  has  also  been  made 
by  Marchand. 

The  cells  of  the  cellular  tissue,  in  which  fat  is  usually  de- 
posited, are  often  filled  up  by  an  albuminous  material,  hav- 
ing considerable  analogy  to  caseum.  It  is  thus  that  the  dif- 
fused hardening  of  the  cellular  tissue,  and  the  local  white 
tumours  have  their  origin.  Tendons,  aponeuroses,  and  fi- 
brous membranes  are  similar  in  their  chemical  relations  to 
the  cellular  and  serous  tissues. 

Of  the  Muscular  Tissue. — From  what  has  been  already 
said  of  fibrine,  it  is  evidently  the  essential  element  of  the 
muscular  tissue,  and  it  only  remains  here  to  give  the  nume- 
rical results  of  two  analyses  of  beef  muscle,  made  by  Berzelius 
and  Braconnot.  They  found  in  100  partsf. 
Muscular  fibre,  (with  vessels  and  nerves),  1 5*80   >    i  q.  i  q 
Cellular  tissue  giving  gelatine, ....     1 .90   S 
Soluble  albumen  and  colouring  matter,  .     2*20     .      1*70 
Alcoholic  extract  with  salts,      ....     1*80    .      1*94 

Watery  extract  with  salts, 1*05     .      0*15 

Phosphate  of  lime, 0^08     . 

Water  and  loss, 77*17    .    77*08 

Composition  of  the  Brain. — ^The  most  exact  analyses  of 
the  brain  that  we  possess  are  those  by  Lassaigne.  The  dif- 
ferently coloured  portions  differ  essentially  in  their  nature, 
as  he  found  in  100  parts. 
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Medullary  Subitance.     Cortical  Subttanca. 


Albumen, 9*9 

ColourleBs  fat, 13*9 

Red  fat, 0*9 

Osmazome  and  organic  salts,     .  1  -0 

Phosphates, 1*3 

Water, 730 


7-5 1 
1-0 
3-7 
1-4 
1-2 
85-2 
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The  nerves  or  spinal  marrow  have  not  been  specially 
analyzed. 

Composition  of  the  Bones. — Muller  has  found  that  prior 
to  ossification,  the  cartilage  of  the  bones  is  in  that  condition 
which  yields  chondrin,  although  it  is  afterwards  totally 
changed  into  the  gelatine-cartilage.  In  the  vertebrftted  ani- 
mals, with  osseous  skeletons,  the  earthy  material,  in  all  cases, 
consists  principally  of  phosphate  of  lime  with  some  phosphate 
of  magnesia,  carbonates  of  lime  and  soda,  and  fluoride  of 
calcium.  By  digesting  a  bone  in  dilute  muriatic  acid,  all  of 
these  inorganic  salts  are  removed,  and  the  cartilage  remains, 
preserving  perfectly  the  form  of  the  bone.  By  burning  the 
bone  in  a  moderate  current  of  air,  all  animal  matter  may  be 
consumed,  and  the  earthy  material  then  remains,  in  the  form 
of  the  bone,  and  perfectly  white  ;  100  parts  of  burned  bone 
of  the  following  animals  have  been  found  to  contain. 

Human  Booe.  Beer  Booe.  Lioo.  Sbeep. 

Phosphate  of  lime  and  )           ^,^        ^,^^  g^^  g^.^ 

fhioride  of  calcium  J 

Carbonate  of  lime     .     .     .     10*3          216  2  5  193 


Carbonate  of  magnesia  .     .       03  1*10 

Carbonate  of  soda    ...       30  5 


•10  i 
74  i 
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But  these  proportions  vary  in  the  bones  of  different  indivi- 
duals  of  the  same  kind  of  animal. 

The  quantity  of  animal  matter  in  the  bones  varies  in  dif- 
ferent classes  of  animals.  In  the  mammalia  it  is  generally 
about  thirty-three  per  cent.  Thus  human  and  ox  bones,  de- 
prived of  their  marrow  and  periosteum,  and  dried  until  they 
ceased  to  lose  weight,  gave  Berzelius : 
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Human  Bone    B«af  Bone. 

Cartilage  soluble  in  water     32'17  >      ooon 

Vessels 113  $      ^^'^ 

Phosphate  of  Lime  and  >        ^  ^  ,.-  ^ «, 

4*       A     c     1  '  C      ^*04        57-45 

fluoride  of  calcium     >  J.    lOQ-O. 

Carbonate  of  Lime      .     .     U-30  385 

Phosphate  of  magnesia  1  '16  2'85 

Sodaandalittle  common  salt  1*20  3*45 

The  teeth  present,  in  their  constitution,  the  closest  ana- 
logy to  bone.  The  principal  and  organized  substance  of  the 
teeth  is  indeed  true  bone,  containing,  however,  less  carti- 
lage (twenty-nine  per  cent.)  and  more  phosphate  of  lime 
(sixty-four  per  cent.)  than  the  other  bones.  The  enamel, 
which  is  an  inorganic  secretion  from  the  upper  surface  of  the 
bony  tooth,  is  almost  destitute  of  any  animal  matter,  the 
analyses  of  Berzelius  giving : 

Human  Enamel.     Beef  Enamel. 
Phosphate  of  lime  and  fluoride  >      gg-         85-0 
of  calcium  $ 

Carbonate  of  lime 80  7-1 

Phosphate  of  magnesia      ....     1*5  3*0 

Soda „  1*4 

Animal  matter  and  water  ....     2-0  3*5 

The  proportion  of  fluoride  of  calcium  is  greater  in  enamel 
than  in  common  bone,  and  the  animal  membrane  appears  to 
belong  only  to  the  connexion  of  the  enamel  with  the  sub- 
jacent bony  tissue  of  the  tooth.  The  exterior  crttsta  petrosa 
of  the  teeth,  which  exists  most  developed  in  herbiferous 
animals,  has  the  same  composition  as  bone. 

In  the  invertebrate  animals  the  internal  skeleton  is  re- 
placed by  an  external  shell,  which  contains  cartilage,  with 
earthy  salts,  similar  to  those  of  proper  bone,  but  in  different 
proportions,  the  carbonate  of  lime  preponderating.  Thus 
the  shells  of  crabs  and  lobsters  contain  from  fifty  to  sixty  per 
cent,  of  carbonate,  and  but  from  three  to  six  of  phosphate  of 
lime,  the  rest  being  animal  matter.  Oyster  shells  contain 
but  a  trace  of  animal  matter,  being  almost  pure  carbonate  of 
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lime,  and   the  substance  termed  cuttle-fish  bone,  has  the 
same  composition  nearly  as  crab  shells. 

SECTION  II. 

OF  THE  COMPOSITION  OF  THE  BLOOD,  AND  THE  PHENO- 
MENA OF  RESPIRATION. 

Blood  is,  in  the  higher  classes  of  animals,  an  opaque,  thick, 
red  fluid  ;  its  speciBc  gravity  about  1  *055 ;  it  has  a  salty  and 
nauseous  taste,  and  a  peculiar  smell,  resembling  that  of  the 
animal  whence  it  had  been  derived. 

When  the  blood  of  any  red-blooded  animal  is  allowed  to 
rest,  it  gradually  forms  a  soft  jelly,  from  which,  after  some 
time,  a  thin  yellowish  fluid  (serum)  separates,  whilst  the 
red  jelly,  or  coagulum,  contracts  in  volume,  and  acquires 
greater  consistence.  If  this  coagulation  of  the  blood  takes 
place  slowly,  the  upper  portion  of  the  coagulum  becomes 
white  or  pale  yellow,  forming  thus  the  buffy  coat.  There  is 
no  doubt  that  the  blood,  whilst  in  connexion  with  the  ani- 
mal, participates  in  its  life,  and  the  phenomena  of  coagu- 
lation are  to  be  referred  to  a  new  arrangement  of  its  mate- 
rials consequent  on  the  loss  of  that  vitality. 

The  serum  of  the  blood,  when  coagulation  has  been  per- 
fect, is  of  a  yellowish,  sometimes  greenish  colour;  its  taste 
is  dull  and  salty;  its  specific  gravity  about  I'O^S;  it  is  thick 
fluid,  like  olive  oil;  when  heated  to  140°  it  coagulates. 

If  we  examine  under  the  microscope  the  appearance  pre- 
aented  by  blood,  we  find  that  it  consists  of  a  great  number  of 
minute  red  particles  swimming  in  a  nearly  colourless  liquor. 
These  red  particles  are  flattened  disks,  in  man  and  the  mam- 
malia round,  in  other  animals  elliptical.  Their  size  is  varia- 
ble, being  in  man  from  ^^^  to  ^^-^  of  an  inch  in  diameter, 
but  larger  in  most  other  animals.  In  the  frog  they  are  about 
T^TSJS'  T^^^y  consist  of  a  central  colourless  nodule,  and  an 
investing  ring,  which  is  coloured  red  by  a  material  (Hefna- 
torine),  which  may  be  dissolved  out  without  the  constitution 
of  the  globule  being  otherwise  essentially  altered. 
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The  blood  contains  a  large  quantity  of  albumen^  partly 
dissolved,  and  remaining  in  the  serum  after  coagulation  ; 
partly  in  a  solid  state,  forming  the  great  mass  of  the  globules. 
In  the  living  body  the  blood  contains  also^^r  jn&  in  solution, 
but  this  separates  soon  after  extraction  from  the  body ;  it 
assumes  a  solid  form,  and  investing,  as  a  sponge,  the  red  glo- 
bules, forms  with  ihem  the  coagulum.  The  fibrine  is  thus  the 
element  active  in  the  coagulation  of  the  blood,  the  globules 
being  but  passively  engaged  in  it.  In  addition  to  these 
essential  organic  elements,  the  blood  contains  a  variety  of 
salts,  as  common  salt,  phosphates  of  magnesia  ammonia  and 
lime,  lactates  of  soda  and  magnesia.  The  best  analyses  of 
the  blood  are  those  by  Lecanu,  and  the  results  for  blood  and 
serum  are,  that  they  contain — 

Blood  of  Man. 

Blood  globules      .    .  ' 13*30 

Fibrine -21 

Albumen 6*51 

Fatty  substances '37 

Extractive  matters -30 

Alkaline  salts -84 

Earthy  salU ,    .     •  *21 

Water 78-02 

Loss '24 


Serum  of  Iiiaii. 


8-12 

•34 

•46 

•75 

•09 

9010 

•14 

100.00       100.00 
He  found  these  proportions  liable  to  fluctuation,  and  to 
vary  according  to  the  sex.    The  maxima  and  minima  of  each 
constituent  which  he  found  for  the  human  subject  of  each 
sex  were — 


Conatituenta. 

Male. 

Fonsle. 

Mu. 

Min. 

Max, 

Min. 

Water 

Albumen 

Globules 

Fibrine 

80-5 

6-3 

18-6 

•4 

73-2 

4-85 

11-05 

-20 

84-84 
68 
16-71 
-31 

7500 

500 

714 

•20 

The  fatty  substance  of  the  blood  is  a  mixture  of  choles- 
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ferine  with  stearic  and  oleic  acids,  and  a  peculiar  falty  sub- 
stance, termed  «^ra/iii,  the  history  of  which  is  yet  iucoinplete, 
and  which  differs  from  cholesterine  most  in  contuning 
nitrogen.  None  of  the  phoephuretted  fats  of  the  brain  ap- 
pear to  exist  in  blood. 

The  chemical  history  of  fibrine  and  albumen  having  been 
already  given,  it  remains  only  to  describe  the  peculiar  colour- 
ing matter,  for  the  most  accurate  knowledge  we  possess 
concerning  which,  we  are  indebted  to  Lecanu*s  elaborate 
researches  on  the  blood.  His  method  of  preparing  hema- 
tosine  is  as  follows : 

Blood,  which  has  been  freed  from  fibrine  by  beating  with  a 
ivig>  is  to  be  mixed,  with  continual  agitation,  with  sulphuric 
acid  diluted  with  its  own  weight  of  water,  until  the  whole 
mass  solidifies  to  a  brown  pulp,  from  which  the  acid  liquor  is 
to  be  then  drained  off  on  filtering  paper,  and  the  last  por- 
tions removed  by  washing  with  alcohol.  The  mass  thus  ob- 
tained, which  is  a  mixture  of  sulphates  of  albumen  and  ofhe- 
matosine,  is  to  be  boiled  in  successive  portions  of  alcohol,  as 
long  as  this  becomes  .brown.  The  liquors,  being  filtered  when 
cold,  are  to  be  neutralized  by  ammonia,  by  which  albumen,  and 
much  sulphate  of  ammonia  are  precipitated,  whilst  a  compound 
of  hematosine  and  ammonia  remains  dissolved.  This  solution 
is  to  he  then  evaporated  in  a  water  bath  to  dryness,  and  the 
residue  washed  with  water,  alcohol,  and  ether,  to  remove  the 
sahs  and  fatty  matters  which  were  contained  in  it.  Being 
then  redissolved  in  alcohol  by  means  of  ammonia,  evaporated 
to  dryness,  and  washed  again  with  water,  the  hematosine 
remains  pure,  but  in  its  coagulated  form. 

It  is  a  dark  brown  mass,  tasteless  and  inodorous  ;  when 
heated,  it  does  not  melt,  but  sweUs  up  and  evolves  ammo- 
niaeal  products  ;  it  is  insoluble  in  water,  alcohol,  and  ether; 
it  forces  with  the  miaeriJ  acida  impounds,  which  are  insolu- 
ble in  water^  but  soluble  in  alcohol.  By  caustic  alkalies  it  is 
disserved  with  ^  blood-'red  ^olqur,  and  these  combinations 
ai^  soluble  in  water>  alcohol,  and  ether^  Hematosine  contains 
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neither  phosphorus  nor  sulphur,  but  iron  in  large  quantity, 
(6*64  per  cent.)  By  Mulder's  analysis,  the  formula  of 
hematosine  is  C44H23N30eFe.  It  hence  has  no  connexion  with 
protein  or  albumen.  The  state  in  which  the  iron  exists  in 
hematosine  has  been,  even  up  to  the  present  day,  an  object  of 
much  discussion  among  cfiemists,  but  with  the  knowledge 
we  now  possess  of  hematosine  in  its  pure  form,  we  must  con- 
sider the  iron  to  be  an  integral  part  of  its  organic  constitution, 
as  sulphur  is  in  albumen,  or  arsenic  in  alkarsin;  and  the  opi- 
nion of  its  being  oxidized,  and  combined  with  the  true  organic 
element  as  a  kind  of  salt,  can  no  longer  be  supported.  If  a 
solution  of  hematosine  be  acted  on  by  chlorine  gas,  a  white 
fiocculent  precipitate  is  produced,  and  the  solution  contains 
chloride  of  iron. 

Although  hematosine  is  the  colouring  material  of  the 
globules  of  the  blood,  it  is  present  but  in  very  small  quan* 
tity  ;  100  parts  of  dried  globules  containing  but  from  four  to 
five  of  pure  hematosine.  In  the  blood  globule,  the  hematosine 
is  in  its  uncoagulated  state,  and  possesses  properties  some- 
what different  from  those  of  its  coagulated  form,  as  pre- 
pared by  the  process  above  given.  A  solution  of  the  coloured 
blood  globules  in  water,  when  exposed  to  the  air,  becomes 
of  a  brighter  red  colour,  being  thus  partially  arterialized. 
When  evaporated  at  a  temperature  of  120^,  it  gives  a  dark 
red  mass  which  is  completely  soluble  in  cold  water.  Its 
solution  coagulates  at  155^,  leaving  the  liquor  clear  yellow. 
It  is  coagulated  also  by  alcohol  and  by  acids.  The  hema- 
tosine then  passes  into  the  insoluble  condition  already  de-* 
scribed. 

I  have  hitherto  spoken  of  the  colourless  ingredient  in  the 
blood  globules  as  being  albumen,  with  which  indeed  it  is 
almost  identical  in  properties,  but  still  differs  in  some  points. 
It  has  been  termed  globuUn*  In  its  uncoagulated  condition 
it  cannot  be  separated  from  hematosine,  and  is  there  dis- 
tinguished from  albumen  principally,  by  being  insoluble 
even  in  a  very  dilute  saline  solution,  which  dissolves  albumen 
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remdfly.  It  is  hence  that  the  glohules  swim  unaltered  in  the 
serum  of  the  blood,  but  are  readily  dissolved  by  pure 
water.  On  thb  principle  is  founded  a  method  of  isolating 
the  blood  globules.  If  the  blood,  when  extracted  from  the 
▼ein»  be  received  in  a  vessel  containing  a  solution  of  glauber's 
salt,  coagulation  is  prevented  as  the  fibrine  remains  dis- 
solved, and  by  filtering  the  liquor  so  obtained,  the  serum 
and  water  pass  off,  and  the  globules  remain  mixed  only  with 
a  little  of  the  salt.  The  globulin  cannot,  however,  be  se- 
parated from  the  hematosine,  except  by  acids,  which,  as 
described  in  the  preparation  of  hematosine,  then  combine 
with  the  globuline.  Mulder  found  the  organic  element  in 
the  sulphate  of  globuline,  to  have  the  compoution  of  pro- 
teine  (see  p.  11 3:^). 

Alieratiom  of  the  Blood  in  Disease. — ^The  examination  of 
the  state  of  the  blood  in  disease,  although  presenting  important 
relations  to  pathology  and  to  practice,  has -^  been  hitherto 
conducted  in  a  manner  too  disconnected  and  superficial,  to 
afford  satisfactory  results.  This  branch  of  chemical  patho- 
logy has,  however,  been  taken  up  by  the  illustrious  Audral, 
who,  in  conjunction  with  M.  Gavaret,  has  published  the 
results  of  the  analysb  of  the  blood  in  360  cases  of  dis- 
ease, in  a  memoir,  from  whose  publication  may  be  dated 
the  commencement  of  a  true  pathology  of  this  fluid. 

In  the  method  which,  by  the  advice  of  Dumas,  they 
adopted,  the  quantity  of  fibrine,  of  globules,  of  the  solid 
materials  of  the  serum,  (which  may  be  considered  as  albu- 
men), and  the  quantity  of  water,  in  each  specimen  of  blood, 
were  determined.  The  pure  hematosine  was  not  isolated, 
and  the  salts  were  considered  as  sufficiently  important  to 
necessitate  their  separation,  only  in  certain  cases.  For  point 
of  comparison  they  assume  as  the  standard  of  healthy  blood, 
that  1000  conta'm790  of  water,  127  of  globules,  three  of 
fibrine,  and  eighty  of  solid  constituents  of  the  serum,  of 
which  eight  are  inorganic ;  which  numbers  almost  coincide 
with  Lecanus'  analysis,  as  already  given.  Their  researches 
have  enabled  them  to  recognize  four  classes  of  diseases,  in 
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which   the  composition  of  the  blood  is  essentially  altered, 
though  in  different  ways. 

Tlie  first  class  presents  as  a  constant  alteration,  an  sn- 
crease  in  the  quantity  of  fiMne ;  it  includes  diseases  re- 
markably different  in  their  locality  and  form,  but  all  be- 
longing to  the  class  of  acute  inflammatians.  In  some  cases 
of  morbid  deposition,  as  in  tubercle  and  cancer,  a  similar 
increase  in  the  quantity  of  fibrine  is  found,  but  it  may  be 
doubted  whether  it  be  due  to  the  abnormal  growth,  or  to 
the  inflammatory  action  which  accompanies  it. 

In  the  second  class,  the  fibrine  remains  stationary,  or 
even  diminishes  in  quantity,  whilst  the  globules  increase  in  pro^ 
portion  to  the  fibrine.  The  diseases  which  belong  to  this  class 
are  continued  fevers  without  local  inflammation,  and  some 
form  ot  cerebral  hcemotrhagies.  The  increase  in  quantity  of 
globules,  though  exceedingly  frequent,  is  not  so  universal, 
as  that  the  fibrine  does  not  increase,  which  was  invariably 
found. 

In  the  third  class,  the  fibrine  remaining  unchanged, 
there  is  a  remarkable  diminution  in  the  quantity  of  the  glo^ 
bules ;  of  these  diseases  chlorosis  may  be  taken  as  the  ex- 
ample ;  and  in  the  fourth  class,  it  is  no  longer  the  fibrine, 
or  globules  which  are  the  subject  of  the  morbid  change,  but 
the  quantity  of  albumen  in  the  serum  is  diminished*  Of  this 
class  of  affections,  Bright' s  disease  is  the  type. 

Without  entering  into  the  details  of  these  researches, 
which  are  excluded  by  the  limited  extent  of  this  work, 
I  shall  merely  present  in  the  following  table  an  example  of 
the  constitution  of  blood  in  each  of  these  classes  of  mor- 
bid  alteration. 


Comtitnentt. 

Health. 

lit  Clan. 

2nd  Clan. 

3rd  Clan 

4th  Clan. 

Fibrine    .    . 

3 

7 

2 

3 

3 

Globules 

127 

125 

136 

47 

82 

Albumen 

72 

78 

69 

76 

58 

Salts  .    .    . 

8 

7 

7 

8 

7 

Water      .    . 

790 

783 

786 

867 

850 
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The  appearance  of  albumen  in  the  urine  in  Brighfs  dis- 
ease is  evidently  connected  with  its  diminntion  in  the  senmi. 
The  oily  materials  which  are  nsnally  found  in  the  blood, 
and  the  remarkable  diminution  which  occurs,  not  so  much 
in  the  globules  as  in  the  bematosine,  had  not  attracted  An- 
dral*s  attention  in  the  memoir  now  described.  These  oily 
aubatanees  are  of  the  same  nature  as  the  proper  fatty  mat- 
ters of  the  blood,  but  present  in  excessive  quantity. 

It  has  been  obserred,  that  in  cholera  the  blood  becomes 
so  thick  as  to  arrest  the  circulation,  and  contains  from  rliirty 
to  forty-fire  per  cent,  of  solid  matter ;  it  is  then  also  less 
strongly  alkaline  than  healthy  blood.  This  is  connected  pro- 
bably with  the  matters  vomited  and  evacuated,  which  are 
strongly  alkaline,  and  contain  a  quantity  of  albumen. 

The  blood  has  been  found  occasionally,  in  cases  otdia- 
heUt  imellUus,  to  contain  traces  of  sugar;  the  great  discor- 
dance of  the  results  obtained  may,  perhaps,  result  from  the 
sugar  being  contained  in  the  blood  only  for  a  short  time  after 
■scab,  and  then  being  rapidly  evacuated  by  the  kidneys.  In 
jamndiee  the  green  colouring  matter  of  the  bile  has  been  ob- 
served in  the  serum  of  the  blood.  Other  observations  of 
morbid  constituents  of  the  blood  are  too  indefinite  to 
justify  me  in  occupjring  q>ace  with  them.  The  observa- 
tion of  Barmel,  that  by  heating  the  blood  of  any  animal 
with  a  little  oil  of  vitriol,  the  odour  of  the  animal  is  so  power- 
lolly  evolved  as  to  be  easily  recognised,  appears  well  founded, 
and  may  be  useful  in  medico-legal  questions,  where,  how- 
ever, h  should  be  employed  with  exceeding  circumspec- 
tion. 

Of  Respiraiian. — In  the  living  body  the  blood  in  the  veins 
and  arteries  is  well  known  to  differ  remarkably  in  colour,  in 
the  former  being  of  a  dariL  purple  red,  and  in  the  latter  of  a 
bright  vermilion  colour.  The  change  from  the  venous  to 
the  arterial  state,  is  effected  during  the  passage  of  the  blood 
through  the  capillary  vessels  of  the  lungs,  where  it  is  ex- 
posed to  the  action  of  an  extensive  surface  of  atmospheric 
air    whilst  the  arterial   blood,  in   traversing  the   general 
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capillary  system  of  the  body,  assumes  the  dark  red  condi- 
tion in  which  it  is  returned  to  the  heart  by  the  veins.  Even 
out  of  the  body,  this  change  of  colour  is  produced  when 
venous  blood  is  exposed  to  the  air,  especially  if  agitated 
therewith,  and  still  more  with  pure  oxygen  ;  even  the  glo- 
bules, when  separated  from  the  serum,  and  dissolved  in  water, 
become  brighter  in  colour,  and  partially  arterialized  by  ez«> 
posure  to  the  air.  Yet,  although  the  vital  properties  of  the 
•  blood  depend  essentially  upon  this  change  of  colour,  we  are 
not  yet  able  to  connect  it  with  any  alteration  in  the  compo* 
sition  of  the  constituents  of  the  blood,  or  even  in  their  re- 
lative proportions.  Arterial  and  venous  blood  contain  sen- 
sibly the  same  quantity  of  water,  fibrine,  globules,  albumen 
and  salts,  and  by  analysis  the  composition  of  these  bodies  is 
found  to  be  identical,  no  matter  what  kind  of  blood  they  are 
derived  from.  To  trace  the  difference  of  nature  between  ar- 
terial and  venous  blood,  it  is  therefore  necessary  to  study  it 
under  other  points  of  view  than  its  proximate  or  elementary 
composition,  so  far  as  we  have  yet  examined  it. 

The  air  which  has  been  employed  in  respiration,  is  found 
to  have  undergone  an  important  change  of  constitution  ;  its 
volume  is  but  slightly,  if  at  all  altered,  but  a  quantity  of 
oxygen  has  disappeared,  and  is  replaced  by  carbonic  acid,  in 
generally  an  equal  volume.  Air,  which  has  been  once  res* 
pired,  is  found  to  contain  from  three  to  four  per  cent,  of  car- 
bonic acid ;  and  if  the  same  quantity  of  air  be  continually 
breathed,  the  animal  dies  with  all  symptoms  of  narcotic  poi- 
soning, when  the  carbonic  acid  has  accumulated  to  from 
eight  to  ten  per  cent.  The  action  of  the  air  in  expiration 
is  therefore  to  remove  carbon  from  the  blood.  The  quan- 
tity so  taken  from  the  system  in  twenty-four  hours,  is  very 
Iarge»  and  makes  up  the  principal  portion  of  that  element 
which  we  take  in  with  our  food ;  yet,  such  is  the  axrtivity 
with  which  its  assimilation  proceeds,  that  no  perceptible 
change  in  the  solid  elements  of  the  blood  can  be  detected. 

It  was  at  one  time  a  much-disputed  point,  whether  the 
carbon  so  separated  from  the  system  was  directly  secreted 
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from  the  lungs,  and  burned  off,  as  it  were,  by  contact  with  the 
oxjgen  of  the  air;  or  whether  the  oxygen  was  first  absorbed 
by  the  blood,  and  carried  by  the  circulation  to  every  portion 
of  the  body,  where  it  combined  with  the  carbon,  which  was 
there  present  in  excess,  and  the  carbonic  acid  so  produced, 
being  dissolved  by  the  venous  blood,  was  thrown  off  on  ar- 
riving at  the  surface  of  the  atmosphere,  in  the  lungs.  The 
progress  of  science  has,  however,  finally  decided  in  favour  of 
the  latter  view,  to  which  the  fullest  confirmation  has  been  ■ 
given  by  the  careful  and  elaborate  experiments  of  Magnus. 
He  found  that  both  arterial  and  venous  blood  hold  dissolved 
quantities  of  gases,  oxygen,  nitrogen,  and  carbonic  acid,  which 
amount  to  from  one-tenth  to  one-twentieth  of  the  volume  of 
the  blood.  The  proportions  of  these  gases  to  each  other  are 
different  in  arterial  and  venous  blood ;  the  oxygen  in  arte- 
rial blood  being  about  one-half  of  the  carbonic  acid,  whikt 
in  the  venous  blood  it  seldom  amounts  to  more  than  one-fifth. 
The  difference  is  greatest  in  young  animals,  and  probably 
is  proportional  to  their  activity  of  nutrition.  The  quantity 
of  nitrogen  appears  to  be  the  same  in  both  kinds  of  blood, 
making  from  one-fifth  to  one-tenth  of  the  gaseous  mixture. 

The  physico-chemical  conditions  of  respiration  are  simply 
explicable  upon  these  results.  By  the  principle  of  gaseous 
diffusion,  (p.  432),  the  fine  lining  pulmonary  membrane 
being  permeable  to  gases  when  the  venous  blood  arrives  at 
the  surface  of  the  lungs,  a  portion  of  the  carbonic  acid  which 
it  contains  is  evolved,  and  a  quantity  of  oxygen  gas  absorbed 
in  place  of  it.  These  two  quantities  are  not  necessarily 
equal  at  each  moment,  though,  ultimately,  they  become  so, 
and  hence  the  volume  of  oxygen  absorbed  is  generally, 
though  not  universally,  equal  to  that  of  the  carbonic  acid 
given  out  There  appears,  from  the  presence  of  nitrogen  in 
equal  quantity  in  both  kinds  of  blood,  to  be  an  absorption 
and  evolution  of  that  gas,  simply  from  physical  laws,  and 
independent  of  any  direct  application  of  it  to  the  nutrition 
of  the  animal ;  hence  the  volume  of  nitrogen  in  air  is  some- 
times increased,  and  at  others  diminished  by  respiration,  and 
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an  aDimal  evolves  much  nitrogen  when  respiring  an  artifi- 
cial atmosphere  of  oxygen  and  hydrogen,  whilst  Boussin- 
gault  has  shown  the  rate  of  nutrition  of  an  animal  to  be 
proportional  to  the  quantity  of  nitrogen  it  receives  as  food, 
and  that  none  of  that  principle  is  really  assimilated  from  the 
air. 

It  is  still  not  by  any  means  easy  to  decide  upon  the  cause 
of  the  change  of  colour  which  occurs  in  the  blood  during 
respiration ;  for  this  should  appear  connected,  not  merely 
with  the  presence  of  certain  gases  in  the  blood,  but  upon  a 
true  change  in  the  constitution  of  the  hematosine,  which  ana- 
lysis cannot  direct.  Stevens  first  directed  attention  to  the 
remarkable  influence  which  saline  bodies  have  upon  the  colour 
of  the  blood.  If  dark  venous  blood  be  put  in  contact  with  a 
solution  of  common  salt,  Glauber's  salt,  nitre,  or  carbonate  of 
soda,  it  becomes  as  vermilion-coloured  as  if  it  had  been  truly 
arterialized.  On  the  contrary,  the  presence  of  carbonic  acid 
impedes  this  action,  and  gives  to  blood,  so  reddened  by  a  salt 
not  in  excess,  the  dark  tint  of  venous  blood.  If  we  consider, 
therefore,  the  arterial  tint  to  be  due  to  the  natural  combina- 
tion of  the  colouring  matter  with  the  saline  constituents  of  the 
serum,  this  will  be  darkened  when,  by  passing  through  the 
capillary  system,  the  blood  takes  up  an  excess  of  carbonic 
acid  ;  and  again,  in  the  lungs,  when  the  carbonic  acid  is  re- 
placed by  oxygen,  the  vermilion  colour  is  restored,  not  by 
any  active  agency  of  the  oxygen,  but  by  the  natural  tint  of 
saline-hematosine  becoming  evident.  Although  this  theory 
of  the  change  of  colour  is  by  no  means  free  from  objections, 
it  appears  to  me  to  be  better  founded  than  any  other  that 
has  been  proposed. 

Animal  Heat. — The  phenomena  of  respiration  consisting 
mainly  in  the  conversion  of  carbon  into  carbonic  acid  by 
union  with  oxygen,  the  source  of  the  heat  which  is  developed 
in  the  body  of  all  red-blooded  animals  has  been  naturally  re- 
ferred to  that  source ;  and  as  we  know  that  the  change  from 
the  arterial  to  the  venous  condition  of  the  blood  occurs  at 
every  point  of  the  system,  the  almost  complete  equality  of 
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lemperilure  Ibroughout  the  body  in  health  it  explained.  That 
the  great  source  of  heat  is  the  respiratory  proceas,  is  abund- 
antly proved  by  the  temperature  being  highest  in  those  ani- 
nals,  and  io  the  same  animal  at  those  periodsi  when  the  cir« 
culation  is  most  rapid  and  the  quantity  of  air  consumed  the 
greatest,  but  it  has  been  calculated  that  the  heat  evolved  by 
the  combustion  of  the  quantity  of  carbon  thrown  off  from 
the  body  in  twenty-four  hours*  is  not  more  than  eight-tenths 
of  the  quantity  generated  in  the  body  during  that  time,  and 
the  origin  of  the  remainder  must  be  found  in  the  action  of 
the  muscles  and  in  the  nervous  power,  which  appears  of  it- 
self to  be  a  distinct  source  of  animal  heat. 

SECTION  III. 

COMPOSITION  OF  THE  DIGESTIVB  ORGANS  AND  OF  THEIR 
SECRETIONS — CHEMICAL  PHENOMENA  OF  DIGESTION. 

Mucus, — The  lining  membrane  of  the  alimentary  canal 
is  moistened  with  a  liquid  possessing  many  characters  of  the 
vegetable  mucus,  (tragacanthine,  p.  88),  but  containing  ni- 
trogen. It  is  a  thick  tenacious  substance,  which  contains, 
dissolved  in  the  water  through  which  it  is  diffused,  the  ordi- 
nary salts  of  the  serum  of  the  blood  ;  it  swells  up  with  water 
to  a  considerable  mass,  but  without  dissolving ;  it  dbsolves  in 
alkaline  liquors,  and  is  precipitated  therefrom  on  the  addition 
of  an  acid  and  by  tincture  of  galls;  the  mucus  from  different 
parts  ofthe  mucous  membrane  is,  however,  by  no  means  iden- 
tical in  properties. 

The  liquid  secreted  by  the  internal  surface  of  the  stomach, 
the  gastric  juice t  which  exercises  an  important  influence  ondi- 
gestion,  differs  essentially  in  its  characters  from  mucus.  When 
the  stomach  is  empty  and  contracted,  it  contains  only  ordinary 
mucus,  but  if  even  indigestible  substances  be  introduced, 
and  still  more  after  taking  proper  food,  a  liquid  is  abundantly 
poured  out,  which  is  colourless  or  very  pale  yellow,  and  con- 
tains a  very  small  quantity  of  solid  matter,  (two  per  cent.), 
which  consists  principally  of  inorganic  salts,  (common  salt 
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and  saUatnmoniaCy  with  a  trace  of  a  salt  of  iron) ;  it  is  specially 
characterized  by  the  presence  of  a  notable  quantity  of  free 
muriatic  acid,  the  proportions  of  which  appear  to  vary  with 
the  activity  of  the  digestive  powers  at  the  time.  This  gastric 
juice  possesses  the  remarkable  property  of  softening  down 
and  dissolving  fibrine  and  albumen,  and  thus  converts  the 
masses  of  food  into  the  uniform  pulp,  {chyme\  from  which 
the  absorbing  vessels  of  the  small  intestines  take  up  the  nu- 
tritious elements. 

If  we  form  an  artificial  gastric  juice  by  mixing  together 
the  muriatic  acid  and  salts  in  the  proper  proportions,  it  is 
found  to  be  totally  incapable  of  dissolving  the  materials  of 
the  foody  and,  indeed,  to  be  quite  inactive  towards  digestion. 
The  organic  material  of  the  gastric  juice,  although  its  quan- 
tity be  so  minute,  is  therefore  essential  to  its  powers,  and 
these  may  be  perfectly  conferred  upon  the  previously  inactive 
artificial  juice,  by  the  addition  of  a  little  of  the  mucus 
of  the  stomach,  or  by  steeping  in  the  acid  liquor,  for  a 
short  time,  a  small  portion  of  a  mucous  membrane,  and  filter- 
ing the  liquor.'  For  this  purpose  it  is  not  even  necessary  to 
use  the  mucous  membrane  of  the  stomach,  for  that  of  the 
bladder  has  been  found  to  act  equally  well.  The  substance 
which  is  dissolved  out  of  the  membrane  in  these  cases  has 
been  termed  pepsine.  It  has  not  been  obtained  in  a  truly 
isolated  or  pure  form,  but  its  properties  are  very  remarkable. 
For  its  full  activity  it  requires  the  presence  of  a  free  acid,  as 
the  artificial  gastric  juice  becomes  much  less  active  in  dis- 
solving food,  when  neutralized  by  an  alkali,  though  it  retains 
other  properties,  as  that  of  coagulating  milk  like  rennet.  If 
the  artificial  gastric  juice  be  precipitated  by  acetate  of  lead, 
the  precipitate  washed  and  then  decomposed  by  sulphuret  of 
hydrogen,  the  solution  thus  obtained  possesses  all  the  diges- 
tive powers  of  the  juice.  Hence  the  pepsine  and  muriatic 
act  together  in  combining  with  oxide  of  lead.  The  process 
given  by  Schwann  for  preparing  the  best  artificial  gastric 
juice,  is  to  mix  water  with  0|  per  cent,  of  muriatic  acid,  of 
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specific  gravity  I  *  1 3»  and  digest  therein  the  mucous  membrane 
of  a  stomach  for  twenty-four  hours,  then  to  filter. 

Pepsine  appears  to  be  completely  decomposed  by  contact 
with  alcohol,  or  by  the  heat  of  boiling  water.  Its  powers  are 
destroyed  also  by  deoxidizing  substances.  The  solution  of 
albumen  and  fibrine  in  gastric  juice  is  essentially  different 
from  their  solution  in  muriatic  acid,  as  in  the  former  case  the 
quantity  of  acid  is  very  minute  in  relation  to  the  quantity  of 
material  dissolved,  and  after  solution  the  acid  still  remains 
quite  uncombined. 

Fremy  has  discovered  that  the  peculiar  fermentative  pro- 
eess,  which  sometimes  spoils  the  manufacture  of  sugar,  and 
which  I  have  described,  (p.  890),  as  the  mucous  fermenta- 
tion, is  capable  of  being  induced  by  contact  with  mucous  mem- 
brane, (by  pepsine  ?).  He  has  found  that  sugar  of  milk  may 
thus  be  converted  to  an  unlimited  extent  into  lactic  acid ;  no 
other  product  appearing.  The  vegetable  ferments  are  able 
to  produce  the  same  eflbct,  but  in  a  different  stage  of  de- 
composition from  that  in  which  they  induce  the  saccharine  or 
alcoholic  fermentations. 

The  action  of  the  stomach  in  digestion  appears,  there- 
fore, to  be,  so  far  as  our  actual  knowledge  extends,  a  purely 
catalytic  fermentative  action ;  one  in  which  the  active  excitant 
is  an  organic  substance  (pepsine)  secreted  by  the  mucous  sur- 
face, and  whose  properties  are  developed  by  the  presence  of 
muriatic  acid,  which  is  secreted  at  the  same  time.  The  new 
products  into  which  the  food,  fibrine,  albumen,  gluten,  starch, 
oils,  sugar,  &c.,  are  converted,  and  which  collectively  con- 
stitute the  white  uniform  pulp,  termed  by  physiologists, 
ckyme^  have  not  been  made  the  subject  of  accurate  chemical 
research. 

In  the  mouth  the  mass  of  nutritive  material  is  acted  on 
by  a  liquid  which  is  secreted  by  the  salivary  glands,  the 
saliva.  It  is  alkaline,  and  holds  in  solution  not  one  per  cent, 
of  solid  matter,  which  contains  some  carbonate  of  soda,  and 
common  salt,  admixed  mucus,  a  trace  of  supho- cyanide  of 
potassium,  and  a  peculiar  organic  body  termed  by  Tiedemann 
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and  Gmelin,  saUvary  matter.  This  last  substance  is  soluble 
in  water ;  its  solution  is  not  coagulated  by  heat,  nor  precipi- 
tated by  tincture  of  galls,  corrosive  sublimate,  acetate  of 
lead,  nor  by  acids.  The  pancreas,  though  so  similar  in  struc- 
ture to  the  salivary  glands,  has  a  different  secretion  ;  it 
contains  no  salivary  matter,  nor  any  sulpho- cyanide  of  potas- 
sium, but  albumen  and  some  salts  ;  it  is  generally  slightly 
acid. 

Composition  of  the  Bile, — Although  the  precise  part 
which  this  remarkable  secretion  performs  in  the  animal 
economy  is  not  yet  fully  known,  it  has  been  the  subject  of 
repeated  and  accurate  chemical  examination,  although  from 
the  facility  with  which  its  elements  are  transformed  into 
other  bodies,  by  the  action  of  the  reagents  employed,  every 
succeeding  analysis  has  led  to  different  results.  I  shall  only 
notice  the  late  researches  of  Gmelin,  Demar9ay,  and  Ber- 
zelius. 

In  the  elaborate  work  on  digestion,  undertaken  in  con- 
junction with  Tiedemann,  Gmelin  analyzed  principally  the 
bile  of  the  ox,  from  which,  however,  as  far  as  observations 
have  been  made,  human  bile  does  not  appear  essentially  to 
differ.  He  obtained  from  it  a  volatile  body  having  the  odour 
of  musk,  cholesterine,  margaric  and  oleic  acids,  a  peculiar 
acid,  the  cholic  acid;  colouring  matters,  biliary  resin,  biliart/ 
sugar,  taurine,  a  glutinous  substance,  caseum,  salivary  mat- 
ter, ozmazome,  and  a  number  of  salts  of  organic  and  inor- 
ganic acids.  Demar9ay  looks  upon  all  of  these  substances 
as  being  produced  by  the  reactions  used,  and  denies  that  any 
of  them  really  exist  in  the  bile.  He  considers  the  bile  to 
be  a  soda-soap  of  a  peculiar  fatty  acid,  the  cholete  acid,  that 
is,  a  choledte  of  soda.  The  choleic  acid  is  obtained  by  dis- 
solving one  part  of  the  alcoholic  extract  of  ox-gall  in  100  parts 
of  water,  and  mixing  the  solution  with  two  parts  of  sulphuric 
acid  diluted  with  ten  of  water.  By  gradual  evaporation  of 
the  liquor,  oily  drops  separate.  It  is  to  be  then  cooled,  and 
these  drops,  which  are  common  fat,  removed.  On  then 
standing  for  eight  or  ten  hours,  the  choleic  acid  gradually 
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separates^  and  being  digested  with  elber,  to  remove  some 
adhering  faty  is  pure.  It  is  a  brittle  yellow  white  mass,  tastes 
bitter,  softens  by  a  heat  of  250^,  but  does  not  really  melt ; 
it  is  slightly  soluble  in  water,  but  abundantly  in  alcohol  and 
ether.  It  forms,  with  bases,  salts  which  do  not  crystallize ; 
its  formula  was  found  to  be  C4sH36NOi2. 

When  the  alcoholic  extract  of  the  gall  is  boiled  for  a  long 
time  in  contact  with  an  excess  of  muriatic  acid,  the  choleic 
acid  is  decomposed,  and  the  most  remarkable  products  are 
the  taurine  of  Gmelin,  and  a  new  acid,  the  chataHdic  acid. 
The  latter  is  a  fatty  acid,  not  volatile,  yellow,  of  a  bitter  taste ; 
it  forms  a  soft  mass  with  warm  water,  but  without  dissolving ; 
it  dissolves  readily  in  alcohol  and  ether,  and  these  solutions 
redden  litmus.  By  Dumas's  analysis  the  formula  of  this 
body  appears  to  be  CasHaoOr.  It  does  not  contain  nitrogen. 
The  iavrine,  which  remains  in  the  acid  liquor  from  which  the 
choloidic  acid  separates,  is  obtained  by  evaporation,  and 
mixing  with  alcohol,  from  which  solution  it  ciystalfa'zes  gra- 
dually in*six*sided  prisms,  which  are  perfectly  neutral;  it  fuses 
and  is  decomposed  by  a  strong  heat ;  it  dissolves  in  twelve 
and  a-half  parts  of  cold,  and  in  less  of  boiling  water,  but  re- 
quires 573  parts  of  spirit  of  wine  for  solution ;  it  is  scarcely 
acted  on  even  by  the  strongest  acids,  aqd  is  not  precipitated 
by  any  metallic  salt;  its  formula  is  remarkable,  being  C4H7 
NOiA,  including  the  elements  of  biuoxalate  of  ammonia  and 
2.Aq, 

If  the  bile  be  treated  with  an  excess  of  a  strong  alkali, 
the  choleic  acid  is  totally  broken  up  into  ammonia,  and  the 
chaUc  acid  of  Gmelin.  It  crystallizes  from  its  hot  aqueous 
solution  in  delicate  silky  needles,  of  a  brilliant  white  colour ; 
its  taste  is  at  once  acid  and  sweet ;  by  heat  it  is  melted  and 
decomposed ;  it  is  ^ery  slightly  soluble  in  water,  but  co- 
piously in  alcohol ;  its  solutions  redden  litmus ;  it  contains 
no  azote ;  its  formula  being,  as  determined  by  Dumas,  C43 
HaaCo- 

Demar9ay*s  examination  of  the  bOe  appears  thus  quite 
satisfactory  in  showing  that  the  cholic  acid,  and  the  taurine 
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are  secondary  products,  and  he  considered  the  other  sub- 
stances found  by  Gmelin  to  be  choleic  or  choloidic  acids  in 
an  impure  form.  But  Berzelius,  who  has  been  occupied  in 
there-examination  of  the  subject,  has  decided  that  the  cho- 
leic acid  of  Demar^ay  is  really  the  body  which  is  in^pure, 
being  a  mixture  of  the  true  biliary  substance  {hilinf  Gmelin's 
biliart/  sug4tr)  with  tlie  biliary  resins.  He  found  that  when 
the  alcoholic  extract  of  the  bile  is  mixed  with  sulphuric  acid, 
no  precipitate  appears  for  a  considerable  time,  showing  that 
the  substance,  which  really  exists  in  the  bile,  combii^d  with 
soda,  is  completely  soluble  in  water,  and  it  is  ox|ly  by  its 
gradual  change  that  the  precipitate  (cbolelo  acid)  occurs. 
By  digesting  this  substance  with  ether,  he  remo¥ed  from  it 
a  resin  which,  by  possessing  acid  properties,  and  by  means 
of  combination  with  barytes,  is  shown  to  be  a  mixture  of  two 
distinct  acid  resins,  fellic  (udd  and  cholinic  aeid»  The  mate- 
rial insoluble  in  ether,  is  the  true  biUn  ;  it  is  not  acid,  of  a 
bitter  taste,  soluble  in  alcohol  and  water  in  all  proportions, 
but  insoluble  in  ether;  when  heated,  it  becomes  soft,  and 
burns  like  a  resin;  its  watery  solution  is  rapidly  decomposed, 
especially  if  warmed  ;  by  contact  with  adds  or  alkalies,  it  is 
immediately  changed  in  constitution:  the  substances  pro- 
duced are  different  according  as  the  degree  of  alteration  is 
more  or  less  advanced.  Those  more  important  are  the  fol- 
lowing.    ^ 

The  biliary  matiery  which  is  the  state  in  which  the 
greater  part  of  the  bilin  exists  in  ordinary  bile,  being  the 
first  product  of  its  decomposition,  is  a  white  bitter  substance 
which  has  a  marked  acid  reaction,  and  is  decomposed  by  os^ide 
of  lead  into  bilin  and  bUffeUmic  acid,  which  is  the  choleic 
acid  of  Demar9ay.  The  formation  of  taurine  is  accompi^nied 
by  that  of  another  body  dyslysiin,  which  is  a  colourless  re- 
sinous substance,  very  sparingly  soluble  in  water.  The  fel- 
linic  and  cholinic  acid,  have  been  noticed  above. 

When  the  bile  has  been  kept  for  along  time,  it  is  decom- 
posed by  a  kind  of  fermentation,  and  two  apids  formed, 
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termed  the/eUanic  and  cholantc  acids^  they  are  white  earthy 
powdersy  sparingly  soluble  in  water ;  the  former  melts  only 
far  aboTe  21S^ ;  the  latter  is  very  easily  fusible. 

The  eolouring  matter  of  the  bile  is  present  during  health 
in  but  small  quantity,  but  in  disease  it  sometimes  accumulates 
so  as  to  produce  soUd  masses.  When  pure,  it  is  a  reddish 
yellow  powder,  which  is  scarcely  soluble  in  water  or  in  al- 
cohol, but  dissolves  easily  in  solution  of  caustic  potash. 
This  solution  is  of  a  clear  yellow  colour,  but  when  exposed 
to  the  air  it  becomes  deep  green,  absorbing  oxygen.  This 
change  is  remarkably  produced  by  nitric  acid,  and  it  is  in- 
deed the  reaction  by  which  the  presence  of  the  bile  in  the 
serum  of  the  blood,  in  the  urine,  in  the  skin  and  eyes,  &c., 
may  be  shown  in  cases  of  jaundice.  If  too  much  nitric  acid 
be  not  added  at  once,  the  yellow  liquor  becomes  at  first 
green,  then  b/ue,  violet,  and  finally  red,  all  these  changes 
occurring  in  a  few  seconds.  After  a  moment  the  red  colour 
also  disappears,  the  solution  becomes  yellow,  and  the  co- 
louring matter  is  found  to  be  totally  decomposed.  The  so- 
lution of  the  colouring  matter  in  potash  is  precipitated  by 
muriatic  acid  in  deep  green  flocculi,  which  dissolve  in  nitric 
acid  with  the  effect  already  noticed,  and  are  soluble  in  caus- 
tic ammonia  and  potash,  with  a  rich  emerald  green  colour. 
These  reactions  show,  that  by  a  process  of  oxidizement  from 
the  original  yellow  substance,  green  and  red  materials  may 
be  generated,  in  which  forms  the  colouring  matter  exists  na- 
turally in  various  animals,  according  as  their  bile  is  yellow, 
green,  or  reddish,  and  also  gives  rise  to  the  concretions  of 
various  kinds  that  are  deposited  in  disease.  The  most  com- 
mon kind  of  gallstone  consists,  however,  of  cholesterine. 

This  yellow  material  Berzelios  names  bitifulvin.  He 
considers  the  green  colouring  matter  present  in  healthy  bile 
to  be  identical  with  chlorophyll  (p.  1061). 

The  bile  contains  generally  about  nine  per  cent,  of  solid 
matter,  but  in  the  present  state  of  our  knowledge  of  its  con- 
stituents, it  is  evidently  impossible  to  assign  the  numerical 
proportions  in  which  they  exist. 
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The  substance  found  in  the  bile^  and  termed  eryihrogen^ 
by  Bizio,  is  too  apocryphal  to  require  any  notice. 

The  examination  of  the  further  processes  of  digestion  in- 
volves considerations  too  purely  physiological  to  be  entered 
into. 

Chyle  and  Lymph, — The  nutritive  materials  extracted 
from  the  food  by  the  absorbing  vessels  of  the  intestine  is 
thrown  into  the  thoracic  duct,  where  it  meets  with  another 
fluid,  which  is  transmitted  to  the  same  vessel  from  all  parts 
of  the  body  by  the  colourless  veins,  or  lymphatics.  The  fluid 
from  the  intestines  is  termed  chyle»  that  from  the  body  gene- 
rally, is  termed  lymph.  It  is  the  mixture  of  these  that  alone 
has  been  examined,  for  the  vessels  which  carry  either  se- 
parately are  too  minute  to  allow  of  the  extraction  of  their 
contents  in  a  pure  form. 

When  taken  from  the  thoracic  duct  a  few  hours  after  a 
meal,  when,  probably,  the  chylous  element  prevails,  it  is  a 
whitish  opaque  liquid  like  milk,  with  generally  a  reddish 
shade ;  a  short  time  after  separation  from  the  body  it  coagu- 
lates ;  the  clot  is  at  first  pale,  but  it  soon  becomes  light  cin- 
nabar red ;  the  milkiness  of  the  serum  is  due  to  the  presence 
oFoil;  it  contains  albumen,  and  coagulates  by  heat.  Except 
that  it  is  more  dilute,  and  that  the  hematosine  is  for  the 
most  part  absent,  (not  yet  formed),  the  chyle  and  lymph 
have  the  same  composition  as  the  blood.  It  appears  to  vary, 
however,  with  the  nature  of  the  food,  as  Dr.  Prout  found 
the  chyle  of  dogs  fed  on  vegetables  to  contain  a  much  smaller 
quantity  of  albumen  than  when  they  had  had  animal  food. 
Dr.  Prout  also  indicates  in  chyle'  the  existence  of  a  sub- 
stance which  he  terms  incipient  albumen,  which  is  not  coagu- 
lated by  heat,  except  after  the  addition  of  acetic  acid.  The 
properties  of  this  form  of  albumen,  however,  are  not  fully 
known.  The  results  of  their  analyses  of  chyle  are  here 
given ;  that  by  Berzelius  was  the  chyle  of  a  horse,  killed 
some  time  after  having  fed  abundantly  with  oats ;  and  of  those 
by  Dr.  Prout,  No.  1  was  from  a  dog,  supported  on  vege« 
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table^  and  No.  9,  of  a  dog  supported  on  animal  food.  100 


parts  contained — 

BeneUus. 

Pfooty            rfo.  1. 

No.  2. 

Dry  Clot    .    .    .    0*78 

Fibrine      ...    0*6 

0-8 

Albumen    .    .    -    4,49 

Incipient  Albumen  4*6 

4-7 

Fattjmatten      .    1-67 

Albumen  ...    0*4 

4-6 

ExtHMStive  matters) 
and  Salts.       J^'^^ 

Oil  and  Sugar     .    trace 

trace 

Salto     .....    0-8 

0-7 

Water     .     .     .    91-62 

Water   .    .    .*    .  936 

89-2 

SECTION  IV. 

CONSTITUTION  OF  THE  URINE  IN  HEALTH  AND  DISEASE. 

The  nature  of  this  secretion  has  at  all  periods  been  an  ob- 
ject of  considerable  interest  to  the  physician  and  to  the  che- 
mist, from  the  indications  which  changes  in  its  composition 
give  of  disease  of  important  organs,  and  from  the  number 
and  interest  of  the  organic  substances  it  contains.  As  in 
almost  all  other  branches  of  animal  chemistry,  BerzeKus  first 
determined  accurately  its  constitution,  and  lately  Lecanu  has 
ascertuned  with  great  care  the  limits  to  wluch  the  propor- 
tions of  its  ingredients  may  vary  in  health,  and  thus  esta- 
blished a  correct  basis  of  comparison  for  urine  in  the  various 
conditions  of  disease. 

The  specific  gravity  of  urine  varies  from  1016  to  1030.  In 
general,  if  the  excretion  exceeds  in  quantity  thirty-two  ounces 
in  twenty-finir  hours  die  specific  gravity  fiills  proportionally 
below  1090 ;  but  if  the  quantity  be  under  thirty-two  ounces, 
the  specific  grarity  for  a  man  in  active  health  is  generally  1030, 
btttless  for  women.  The  important  organic  constituents  of  the 
urine  are  mrea  and  mric  aeidj  which  will  require  a  detailed 
and  special  examination*;  the  other  principles,  though  nu- 
merous, being  of  less  moment,  need  be  only  noticed  in  the 
IbllowiBg  statement  of  Benelius*s  general  analysis  of  the 
urine.     He  found  100  parts  to  contain : 
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14 


Water ,.,.;.  933-00 

Urea 30-10 

Free  lactic  acid,  lactate  of  ammoniai  and  ani- 

mal  extract 

Uric  acid 1-00 

Mucus  of  the  bladder 0-32 

Sulphates  of  potash  and  soda 6-87 


■}" 


Phosphates  of  soda  and  ammonia 

Common  salt 

Sal-ammoniac 

Phosphates  of  lime  and  magnesia 
Silica 


4-59 
4-45 
1-50 
1-00 
003 


100-00 


r/rea,— NaCaOaH^  or  Ur.  Eq.  60,  or  750. 

The  artificial  formation  of  this  remarkable  substance  in 
various  ways^  has  been  noticed  already  in  many  places, 
as  (852..854).  It  may  be  obtained  from  urine  by  evapora* 
tion  to  the  consistence  of  a  thick  sirup  in  a  water  bath,  and 
mixing  the  mass  remaining  with  three  times  its  volume  of 
nitric  acid,  specific  gravity  about  1.25,  which  had  been  per- 
fectly freed  from  all  traces  of  nitrous  acid^  which  it  might  con- 
tain>  as  this  last  instantly  decomposes  urea.  The  liquor  forms 
a  crystalline  pulp,  which,  being  kept  carefully  cool,  may  be 
freed  from  the  liquor  by  draining  and  pressure,  between 
folds  of  paper.  The  impure  crystallized  nitrate  of  urea  thus 
obtained  is  to  be  dissolved  in  a  small  quantity  of  boiling  water, 
and  recrystallized  by  cooling.  These  crystals  being  again 
dissolved  in  water,  are  to  be  digested  with  animal  charcoal  to 
remove  the  colouring  matter,  and  then  with  an  excess  of 
carbonate  of  lead,  until  completely  neutraL  The  solution  so 
obtained  being  evaporated  very  carefully  in  a  water  bath  to 
dryness,  is  to  be  treated  with  boiling  alcohol,  and  filtered. 
The  pure  urea  separates  from  the  alcoholic  solution  on  cool- 
ing in  brilliant  white  four<sided  prisms. 

Urea  is  much  more  simply  and  economically  obtained  by 
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the  transformation  of  cyapate  of  ammonia,  for  which  purpose 
the  process  given  by  liebig  answers  best. 

An  impure  cyanate  of  potash  is  prepared  by  roasting 
yellow  prussiate  of  potash  (as  described,  p.  854)  and  this  is 
nuxed  with  a  solution  of  sulphate  of  ammonia  in  water,  and 
the  whole  then  boiled  with  alcohol,  which  dissolves  out 
urea,  and  leaves  the  sulphate  of  potash  undissolved.  On 
cooling,  the  urea  crystallizes,  and  may  be  obtained  quite 
pure  by  another  crystallisation  from  alcohol. 

The  taste  of  urea  is  fresh  like  nitre ;  its  reaction  is  quite 
neutral ;  it  is  inodorous.  When  heated  to  22(f  it  melts,  and 
at  a  higher  temperature  is  decomposed,  giving  carbonic  and 
cyanuric  acids  and  ammonia.  It  dissolves  in  less  than  its  own 
weight  of  water  at  60°,  producing  great  cold ;  it  is  soluble  in 
much  less  boiling  water.  If  the  urea  be  quite  pure,  its  solution 
remains  foralongtimeunaltered,  but  if  it  contains  any  traces 
of  an  BMOtiMcd  substance  which  putrefies,  this  acts  as  a  fer- 
0ient,  and  the  decomposition  extending  to  the  ui«a,  this 
assimilates  the  elements  of  water,  and  is  totally  converted 
into  carbonate  of  ammonia ;  N2C^03H4,  and  H4O4,  producing 
2  (COJ  +  NH4.O).  It  is  this  decomposition  that  renders 
urine  alkaline,  in  a  few  hours  generally,  after  it  is  voided. 
Urea  dissolves  in  five  parts  of  cold,  and  one  of  boiling  al- 
cohol.    In  ether  it  is  almost  insoluble. 

In  contact  with  strong  acids,  urea  is  decomposed,  giving 
off  carbonic  acid,  and  forming  an  ammoniacal  salt.  When 
the  acids  are  dilute,  it  unites  with  them,  although  without 
neutralising  them,  and  forms  crystalline  compounds,  of  which 
but  a  few  have  been  accurately  examined.  The  oxygen 
salts  of  urea  resemble  those  of  the  vegetable  alkalies,  me- 
lamine,  ammonia,  &c.,  in  containing  an  atom  of  associated 
water. 

NUraie  qf  l^reo.— (Ur.HO  +  NOa).  Crystallizes  in  large 
brilUant  plates  by  the  cooling  of  its  solution.  It  is  plea- 
santly acid,  and  is  soluble  in  alcohol,  but  much  more  so  in 
water ;  if  heated  rapidly  it  explodes.  It  is  sparingly  solu- 
ble in  dilute  nitric  acid,  whence  the  addition  of  a  great  ex- 
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cess  of  nitric  acid  serves  as  a  test  for  the  presence  of  urea ; 
this  salt  being  precipitated  in  bright  pearly  scales. 

Oxalate  of  Urea. — (Ur.HO  +  CsOa).  Crystallizes  in  long 
rhomboidal  tables.  It  tastes  acid ;  it  is  copiously  soluble  in 
boiling  water,  but  crystallizes  almost  completely  out  on 
cooling,  as  100  of  water  retain  but  four  of  the  salt.  It  is  still 
less  soluble  in  alcohol. 

Lactate  of  Urea  crystallizes  in  fine  plates  and  needles; 
it  is  very  soluble.  There  is  reason  to  consider  that  the  urea 
is  naturally  combined  with  lactic  acid  in  the  urine.  The 
other  salts  of  urea  are  not  important. 

The  quantity  of  urea  secreted  in  health  appears  pretty 
regular  in  the  same  individual,  when  the  diet  remains  the 
same,  and  not  to  depend  upon  the  quantity  of  liquor  ex- 
creted. It  varies,  however,  very  much  in  different  indivi- 
duals, and  is  much  more  abundant  in  men  in  active  age,  than 
in  women  or  in  old  men.  Thus,  Lecanu  found  the  quantity 
of  urea  secreted  in  twenty-four  hours,  by  men  in  the  prime 
of  age,  to  vary  from  350  to  500  grains ;  in  women,  it  varies 
from  150  to  430  grains ;  whilst  with  old  men  the  limits  were 
80  and  180  grains.  In  children  the  quantity  is  still  smaller, 
and  infants  secrete  scarcely  a  trace  of  urea. 

Uric  Acid  and  the  Bodies  derived  from  it. 

The  uric  acid  exists  in  the  urine  of  all  carnivorous  ani- 
mals. In  birds,  reptiles,  and  many  insects,  it  is  voided  with 
the  excrements,  and  the  urine  is  in  such  a  state  of  concen- 
tration as  to  form  a  white  mass  nearly  solid,  which  consists 
almost  totally  of  urate  of  ammonia.  In  the  small  islands  of 
the  South  Sea,  which  are  inhabited  by  great  flocks  of  aquatic 
birds,  it  accumulates  in  such  quantity  as  to  be  an  article  of 
commerce,  being  brought  to  South  America,  and  even  to 
Europe,  under  the  name  of  guano  ^  and  used  as  manure.  In 
many  diseases  it  is  generated  by  the  system  in  abnormal 
quantity,  and  constitutes,  free  or  combined  with  bases,  the 
gouty  and  arthritic  concretions,  and  many  forms  of  vesical 
calculus. 
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For  the  purposes  of  the  chemist  the  uric  acid  is  most 
easily  obtained  from  the  white  solid  excrements  of  the  larger 
serpents  in  the  menageries.  This  is  to  be  boiled  in  a  so- 
lution of  caustic  potash,  and  the  filtered  liquor  decomposed 
by  the  addition  of  muriatic  acid  in  excess.  The  preci- 
pitate should  be  boiled  in  water  for  some  time,  then  well 
washed,  and  dried.  It  crystallizes  in  minute  brilliant  white 
scales,  which  are  very  slightly  soluble  in  boiling  water ;  the 
solution  reddens  litmus ;  it  is  tasteless ;  it  dissolves  in  oil  of 
vitriol,  forming  a  crystalKzable  compound,  which  is  decom* 
posed  on  the  addition  of  water :  the  action  of  nitric  acid  is 
different  When  heated,  it  is  decomposed,  giving  a  great 
variety  of  products,  urea,  hydrocyanic,  and  cyanuric  acids, 
carbonate  of  ammonia,  &c.  Its  formula  is  N4C10H4O6 ;  its 
salts  are  not  well  characterized ;  those  of  the  alkalies  are 
very  sparingly  soluble,  and  are  decomposed  by  aD  acids  except 
the  carbonic  add.  The  urate  of  ammonia  is  the  material  of 
the  white  excrement  (dry  urine)  of  birds  and  serpents.  The 
mraie  of  soda  is  the  principal  material  of  gouty  deposits.  The 
uric  add  is  specially  interesting  fcNr  the  number  of  important 
bodies  to  which  it  gives  origin'  by  the  action  of  reagents,  and 
of  which  some  are  also  products  of  the  organization  ;  for  our 
accurate  knowledge  of  these  we  are  indebted  to  the  recent 
investigaticms  of  Liebig  and  Wohler. 

AUamUmu — This  lubstance  exists  in  the  waters  of  the 
allantms  of  the  cow,  bdng  contained  in  the  urine  of  the 
foetus,  from  which  it  may  be  extracted  by  evaporation  and 
crystallixation.  It  is,  however,  much  more  eaaly  formed 
from  uric  add.  Freshly  prepared  peroxide  of  lead  is  to  be 
added  to  uric  acid,  diflused  through  twenty  parts  of  boiling 
water,  as  long  as  its  colour  Is  destroyed.  The  boiling  liquor 
is  to  be  filtered,  evaporated  till  crystals  begin  to  form, 
and  then  allowed  to  cool.  The  allantnin  crystallizes,  and 
the  modier  fiquor  contains  abundance  of  urea.  At  the 
same  time,  oxalate  of  die  protoxide  of  lead  is  produced. 
2  {>iJC^l\JO^)  and  5  HO  with  4.PbOt,  producing  4  (CsO,  + 
PbO) ;  with  urea,  ZQiJCJ^O;),  and  allantoin,  N^CUaOs. 
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On  this  reaction  Liebig  founds  a  theory  of  the  constitution 
of  uric  acid«  to  which  I  shall  have  occasion  again  to  recur. 
He  considers  it  to  contain  urea  ready  formed,  and  a  hypo- 
thetic substance  for  which  he  proposes  the  names  of  uril  or 
eyanoxalic  add,  it  being  oxalic  acid  in  which  oxygen  is  re- 
placed by  cyanogen,  C^Oa  +  Cy«  Thus,  uric  acid,  N4C10H4O6 
=:  N2C3H4O2  +  S  (CaOft.Cy).  In  forming  allantoin  on  this 
view,  the  urea  is  set  free,  and  the  eyanoxalic  acid  with  ox- 
ygen and  water,  gives  oxalic  acid  and  allantoin. 

Allantoin  forms  rhombic  prisms,  which  contain  an  atom 
of  water.  It  is  sparingly  soluble  in  water,  and  perfectly 
neutral.  By  boiling  with  a  strong  alkali,  it  combines  with 
the  elements  of  water,  giving  oxalic  acid  and  ammonia.  It 
does  not  form  a  definite  compound  with  any  base  but  oxide 
of  silver. 

Alloxan. — The  products  of  the  action  of  nitric  acid  on 
uric  acid,  present  considerable  interest,  from  their  number 
and  connexion.  On  adding  one  part  of  uric  acid  gradually 
to  four  parts  of  strong  nitric  acid,  it  is  dissolved  with  much 
heat,  and  copious  disengagement  of  carbonic  acid  and  ni« 
trogen.  The  rise  of  temperature  being  prevented  as  much 
as  possible,  the  liquor  solidifies  on  cooling  to  a  mass  of  gra- 
nular crystals,  which  are  to  be  drained  and  then  recrystal- 
lized  from  the  smallest  possible  quantity  of  boiling  water. 
This  is  alloxan^  its  crystals  are  short  right  rhombic  prisms, 
brilliant  and  colourless.  In  dry  air  they  effloresce,  losing 
6Aq. ;  at  a  higher  temperature,  it  crystallizes  in  oblique 
rhombic  prisms,  which  are  anhydrous,  and  have  the  formula 
NSC8H4O10 ;  its  solution  in  water  reddens  litmus,  and  stains 
the  skin  purple ;  when  neutralized  by  an  alkali,  it  strikes  an 
indigo-blue  colour  with  a  proto-salt  of  iron ;  it  is  decom- 
posed by  almost  all  reagents,  producing  a  series  of  bodies 
that  will  be  successively  examined ;  its  origin  consists  pro- 
bably in  the  uryl  being  oxidized  by  oxygen  from  the  nitric 
acid,  leaving  hypo- nitrous  acid,  which,  reacting  on  the  urea, 
gives  the  mixture  of  carbonic  acid  and  nitrogen  gases.    The 
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alloxan  may  thus  be  considered  as  a  hydrated  deutoxide  of 
uryl. 

AUoxanic  Add  is  formed  by  acting  on  alloxan  with  strong 
alkaliesi  or  by  bary tes ;  when  separated  from  its  combinations 
by  a  stronger  acid,  it  crystallizes  in  colourless  needles,  which 
have  a  strong  acid  reaction ;  its  alkaline  salts  are  soluble ; 
those  with  the  earths  and  heavy  metallic  oxides  sparingly  so- 
luble ;  it  is  insoluble  in  water ;  its  formula  is  NaCgH^Os  when 
dry ;  the  alloxan  having  lost  the  elements  of  two  atoms  of 
water.     When  a  solution  of  alloxanate  of  bary  tes  is  boiled, 
or  when  a  solution  of  alloxan  is  gradually  added  to  a  boiting 
solution  of  sugar  of  lead,  another  acid  is  formed,  mesoxalic 
acidf  which  in  the  latter  case  precipitates  as  an  insoluble  salt 
of  lead,  and  the  liquor  contains  urea ;   the  alloxan  breaking 
up  into  N2CSH4O3  and  2.C3O4,  which  is  the  constitution  of 
the  mesoxalic  acid,  which  has  probably  therefore  an  iso- 
meric oxide  of  carbon  (C3O3)  for  its  base,  and  belongs  to 
the  same  group  as  the  meUitic  and  rhodizonic  acids  (p.  820.) 
By  oxidizing  agents  the  mesoxalic  acid  is  converted  into  car- 
bonic acid ;  thus  with  a  solution  of  nitrate  of  silver,  it  gives 
a  clear  yellow  precipitate,  which,  when  boiled,  is  converted 
into  carbonic  acid  and  metallic  silver. 

Myeomelinic  Acid. — If  a  solution  of  alloxan  in  water  of 
ammonia  be  heated,  a  brownish-yellow  precipitate  falls, 
which  is  mycomelinate  of  ammonia,  by  boiling  which,  or  by 
washing  with  dilute  sulphuric  acid,  the  ammonia  is  removed, 
and  the  mycomelinic  acid  remains  as  a  yellow  jelly,  which 
dries  to  a  coarse  yellow  powder.  It  is  sparingly  soluble  in 
water ;  its  salts  are  gelatinous,  sparingly  soluble  flocks ;  the 
formula  of  the  acid  is  N4C8H5O5,  being  isomeric  with  anhy- 
drous allantoin. 

Parabanic  Acid. — If  alloxan  be  heated  with  an  excess  of 
nitric  acid,  it  dissolves,  nitrogen  gas  is  evolved  and  on  cool- 
ing the  new  acid  separates ;  it  is  also  easily  procured  from 
uric  acid  by  using  an  excess  of  nitric  acid ;  it  forms  colourless 
transparent,  six-sided  prisms,  and  tastes  like  oxalic  acid. 
It  is  partly  volatilized  and  partly  decomposed  by  heat.     If  the 
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crystals  be  heated  to  SI 2^  they  assume  a  reddish  colour; 
the  formula  of  the  crystallized  acid  is  N2C6O4  +  2Aq.  hence 
alloxan  with  2.0  produces  2.CO2,  with  4.HO  and  N2C(j04. 
By  contact  with  bases,  this  acid*  is  decomposed,  producing 
the  oxaluric  Acid.  This  is  best  prepared  by  dissolving  pa- 
rabanic  acid  in  caustic  ammonia,  boiKng,  and  then  letting  the 
liquor  cool ;  it  forms  a  mass  of  small  brilliant  white  crystals 
of  oxalurate  of  ammonia.  The  oxaluric  acid  is  also  a  pro- 
duct of  other  reactions  on  uric  acid,  some  of  which  will  be 
specially  noticed  hereafter.  It  is  a  strong  acid,  and  is  ob- 
tained free,  by  dissolving  its  ammonia  salt  in  boiling  wa- 
ter, adding  an  excess  of  dilute  muriatic  acid,  and  rapidly 
cooling,  when  the  oxaluric  acid  separates,  as  a  white  or 
slightly  yellow  powder ;  if  long  boiled  in  water,  it  is  decom- 
posed into  oxalic  acid  and  oxalate  of  urea,  of  which  it  con- 
tains the  elements,  its  formula  being  N^CeHsO?  +  Aq. 

Thionuric  Acid. — If  sulphurous  acid  gas  be  passed  through 
a  saturated  solution  of  alloxan  until  the  liquor  begins  to 
smell  strongly  of  the  gas,  and  then  ammonia  be  added  in  ex- 
cess, after  some  time  brilliant  white  rhombic  tables  form, 
which  are  thionurate  of  ammonia.  By  recrystallization,  this 
salt  generally  becomes  pale  rose-red,  but  is  not  altered  in 
constitution.  To  obtain  the  acid  free,  a  solution  of  this 
ammonia  salt  is  to  be  precipitated  by  acetate  of  lead,  and  the 
thionurate  of  lead  decomposed  by  sulphuretted  hydrogen. 
By  evaporation  of  the  liquor,  the  acid  remains  as  a  white 
semi-crystalline  mass ;  it  is  easily  soluble  in  water,  reddens 
litmus  strongly ;  its  formula  is  N3C8H7O14S2;  it  contains  thus 
the  elements  of  one  atom  of  alloxan,  one  of  ammonia  and 
two  of  sulphurous  acid  ;  it  is  a  bibasic  acid.  If  a  strong  solu- 
tion of  thionuric  acid  be  boiled,  it  becomes  turbid,  and  soon 
solidifies  to  a  mass  of  brilliant  silky  crystals,  whilst  the  li- 
quor contains  much  sulphuric  acid  ;  the  crystalline  substance 
being  drained  and  washed  with  cold  water,  in  which  it 
scarcely  dissolves,  is  termed  uramil;  it  is  white,  soluble  in 
dilute  alkaline  liquors,  and  precipitated  therefrom  unchanged 
by  the  addition  of  an  acid,  but  by  strong  alkalies  it  is  decom- 
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posed,  ammonia  being  evolved  and  uramilic  acid  formed. 
The  formula  of  uramil  is  NaCBH^Oe ;  the  thionuric  acid  might 
be  considered  as  bi-sulphate  of  uramil.  The  uramilic  acid  is 
formed  by  the  action  of  acid^  and  alkalies  on  uramil,  it  crystal- 
lizes hi  colourless  needles,  which  dissolve  in  acids  and  alkalies, 
forming  with  the  latter,  well  defined  salts;  its  formula  is 
NsCwHifOw 

AUaxantine. — ^This  substance  is  formed  as  a  product  of 
the  moderate  oxidation  of  uric  acid,  or  it  may  be  obtained  by 
#cting  on  alloxan  with  deoxidising  agents.  Uric  acid  is  to  be 
diffused  through  boiling  water,  and  dilute  nitric  acid  added 
until  a  perfect  solution  is  obtained .  On  filtering  and  cooling, 
the  alloxantine  gradually  crystallizes.  The  mother  liquor 
contuns  much  urea.  If  sulphuretted  hydrogen  gas  has  been 
passed  through  a  solution  of  alloxan,  sulphur  is  deposited, 
and  alloxantine  formed,  and  the  same  effect  is  produced  by 
acidulating  the  solution  of  alloxan,  and  immersing  therein 
a  slip  of  zinc ;  the  alloxan  is  deoxidized  by  the  nascent 
hydrogen.  By  the  galvanic  battery,  alloxan  is  resolved  into 
oxygen  and  alloxantine.  It  is  sparingly  soluble  in  cold,  but 
much  more  in  boiling  water,  and  crystallizes  in  short 
oblique  rhombic  prisms,  which  contain  3Aq.,  which  they 
lose  only  by  a  heat  above  300^.  The  solution  of  alloxantine 
reddens  litmus  but  does  not  form  salts  with  bases,  being  im- 
mediately  decomposed  by  contact  with  them.  Its  formula 
is  NAHsOio. 

By  oxidizing  bodies,  as  nitric  acid,  chlorine  or  oxide  of 
sQver,  it  is .  immediately  converted  into  alloxan.  If  treated 
by  an  excess  of  sulphuretted  hydrogen,  more  sulphur  is  set 
free,  and  the  liquor  becomes  strongly  acid.  The  body  thus 
formed,  if  mixed  with  alloxan,  regenerates  alloxantine  from 
both.  If  neutralizedby  carbonate  of  ammonia,  a  white  crys- 
talline precipitate  forms,  which  is  a  salt  of  ammonia,  of  which 
the  formula  is  N3C8H7O8.  Liebig  considers  it  to  contain  a 
body  which  he  terms  the  Dialuric  add^  the  formula  of  which 
is  N2C8O4,  being  isomeric  with  the  cyanoxalic  acid  or  uryl> 
already  noticed.     The  dialurate  of  ammonia  is  therefore 
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N2C8O4+NH4O+3  Aq.  It  may  be  produced  by  adding  hydro- 
sulphuret  of  ammonia  to  a  saturated  solution  of  uric  acid  in 
dilute  nitric  acid^  or  by  acting  on  alloxan  with  zinc  and  mu- 
riatic acid  in  excess.  Though  white  when  first  produced^  it 
becomes  rose-red  by  drying,  and  at  21^  blood-red^  and 
loses  ammonia.  It  is  by  no  means  established  that  this  body 
is  a  true  ammoniacal  salt,  as  described  by  Liebig,  or  that 
the  dialuric  acid  really  exists.  Berzelius  looks  upon  it  as  a 
compound  of  alloxantine  and  alloxantine-amide. 

By  boiling  with  sal-ammoniaci  alloxantine  is  converted 
into  uramil  and  alloxaUi  whilst  muriatic  acid  becomes  free. 
By  the  action  of  oxygen  upon  an  ammoniacal  solution  of 
alloxantine,  uramil,  oxaluric  acid,  and  mycomelinic  acid  are 
generated. 

Murexid. — This  remarkable  substance  may  be  produced 
by  a  variety  of  reactions^  none  of  which  are,  however,  quite 
constant  in  their  result.  On  evaporating  a  solution  of  uric 
acid  in  very  dilute  nitric  acid,  until  the  liquor  becomes  flesh 
red,  ai)d  then  adding  dilute  water  of  ammonia  in  slight  ex- 
cess, and  cooling,  the  ipurexid  crystallizes.  In  this  process, 
a  very  slight  excess  or  deficiency  of  any  of  the  ingredients 
prevents  success,  and  Gregory  proposes  as  the  most  cer- 
tain method,  to  dissolve  four  parts  of  alloxantine,  and  seven 
of  hydrated  alloxan,  in  240  parts  of  boiUng  water,  and  eighty 
of  solution  of  carbonate  of  ammonia,  when  the  murexid  crys- 
tallizes by  gradual  cooling.  By  the  action  of  uramil  and 
ammonia  it  may  also  be  generated,  and  is  the  ordinary  source 
of  the  purple  colours  that  are  produced  in  many  of  the  reac- 
tions already  described. 

The  murexid,  the  name  of  which  is  derived  from  the 
murex,  the  shell  fish  furnishing  the  tyrian  purple,  crystallizes 
in  short  rhombic  prisms,  of  a  garnet-red  colour,  and  by  re- 
flected light  have  a  green  metallic  lustre.  It  dissolves  spa- 
ringly in  cold,  copiously  in  boiling  water ;  it  is  insoluble  in 
ether  and  alcohol.  Gregory  has  found,  that  it  is  sometimes 
soluble,  and  at  others  insoluble  in  water  of  ammonia,  whence 
he  suggests  that  two  different  bodies  have  been  confounded 
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uuder  this  name.  It  dissolves  in  caustic  potash,  with  an  in- 
digo blue  colour,  which  disappears  by  heat,  ammonia  being 
evolved ;  it  does  not  appear  to  combine  with  bases ;  its  for- 
mula is  NsCiaHeOs.  By  the  mineral  acids  and  by  sulphuretted 
hydrogen  it  is  decomposed,  ammonia,  alloxantine,  alloxan, 
and  dialuric  acid  being  evolved,  besides  another  body  termed 
murexan.  This  substance  is  more  abundantly  produced  by 
dissolving  murexid  in  a  boiling  solution  of  potash,  and  when 
the  blue  colour  has  totally  disappeared,  adding  sulphuric 
acid  in  excess.  It  precipitates  in  white  silky  crystalline 
scales ;  its  formula  is  NsCeH^O^ ;  it  dissolves  in  caustic  alka- 
lies without  neutralizing  them.  If  its  solution  in  ammonia 
be  exposed  to  the  air,  oxygen  is  absorbed  and  murexid  re- 
generated. 

The  murexid  was  long  since  described  by  Prout  under 
the  name  o( purpuraie  of  ammonia ;  and  Fritzsche  has  re- 
vived the  idea  that  it  is  really  an  ammoniacal  salt  of  a  dis- 
tinct acid,  purpuric  acid.  By  the  double  decomposition  of 
murexid  with  salts  of  potash,  bary tes,  lead  and  silver,  he  has 
obtained  purpurates  of  these  bases,  the  formula  of  which 
shows  the  acid  to  be  composed  of  N5C16H4O10.  The  mu- 
rexid is,  according  to  this  chemist,  composed  of  NoCieHgOns 
N5CieH40io  +  NH40.  The  evidence  brought  forward  by 
Fritzsche  against  Liebig's  view  is  very  strong. 

In  the  urine  of  herbivorous  animals,  and  occasionally  in 
children,  the  uric  acid  is  replaced  by  a  different  body,  the 
hippuric  acidy  which  exists  therein  combined  with  soda.  The 
urine  of  horses  and  cows  is  to  be  evaporated  to  one-eighth 
of  its  volume,  and  mixed  with  muriatic  acid,  which  produces, 
after  some  time,  a  yellowish  crystalline  precipitate.  This  is 
to  be  dissolved  by  boiling  with  some  lime  ;  chloride  of  lime  is 
to  be  added  to  the  liquor,  until  it  Is  nearly  decolorized,  and  the 
smell  of  urine  has  disappeared  ;  being  then  digested  with  ivory 
black  and  filtered,  the  pure  acid  is  separated  by  muriatic  acid. 
By  the  cooling  of  the  liquor  it  crystallizes  in  delicate  silky 
needles,  or  rhombic  prisms  ;  its  taste  is  very  slightly  bitter, 
but  it  reddens  litmus  strongly.     When  heated,  it  melts  and 
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is  then  decomposed,  giving  a  crystalline  sublimate  of  benzoic 
acid  with  ammonia  and  prussic  acid.  It  is  very  sparingly 
soluble  in  cold,  but  copiously  in  boiling  water :  very  soluble 
in  alcohol.  By  nitric  acid,  and  other  oxidizing  agents,  it  is 
decomposed  and  benzoic  acid  is  formed.  Its  salts  are  all  so- 
luble and  crystallize ;  they  resemble  the  benzoates  exactly. 
The  formula  of  the  crystallized  acid  is  NCigHgOs  +  Aq. 
The  constant  transformation  of  this  acid  into  benzoic  acid 
has  given  origin  to  many  theories  of  its  constitution.  It  has 
been  supposed  by  some  to  contain  benzoic  acid  ready  formed, 
1>y  others  benzamid,  and  by  others  oil  of  bitter  almonds,  but 
none  of  those  views  have  even  much  probability  in  their 
favour. 

Of  the  Urine  in  Disease — Urinary  Calculi. 

To  the  pathologist  and  physician  the  indications  of  dis- 
ease of  the  urinary  and  digestive  organs,  furnished  by 
changes  in  the  composition  of  the  urine,  are  most  valuable. 
The  majority  of  the  substances  which  are  taken  into  the 
circulation,  but  are  incapable  of  assimilation  to  our  organs, 
are  thrown  off  by  this  secretion,  and  hence  a  variety  of  me- 
dicinal substances  may  be  traced  to  it  after  having  been  in- 
gested, sometimes  quite  unaltered,  at  others  modified  in 
their  nature.  Thus,  if  alkaline  salts  of  organic  acids  be  taken 
into  the  stomach,  the  organic  material  is  oxidized,  probably 
during  the  action  of  respiration,  whilst  the  alkali  passes  into 
the  urine  in  the  state  of  carbonate.  If,  however,  the  organic 
acid  be  taken  uncombined,  it  escapes  decomposition,  and 
passing  into  the  urine,  produces  an  abundant  precipitate  of 
salts  of  lime,  in  the  case  of  the  tartaric  and  oxalic  acids. 

Iodide  of  potassium  and  iodine  pass  into  the  urine,  the 
latter  as  hydriodic  acid.  Some  organic  bodies,  as  asparagine 
and  oil  of  turpentine,  are  decomposed,  and  the  products 
which  they  form  are  excreted,  giving  to  the  urine  peculiar 
odours,  in  the  latter  case  like  that  of  violets.  Nitrate  of  pot- 
ash, yellow  prussiate  of  potash,  and  most  other  alkaline  and 
earthy  salts  pass  into  the  urine  unchanged.     The  majority 
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of  colouring  matters  are  thrown  out  of  the  system  bj  means 
of  this  secretion,  whilst  others^  as  cocchineal  and  litmus^  are 
not  so  given  off. 

The  mineral  acids,  alcohol,  camphor,  most  metallic  salts, 
do  not  pass  into  the  urine  in  any  sensible  degree. 

Urine  in  Diabetes. — ^The  most  remarkable  change  in  the 
nature  of  the  urine,  occurs  in  diabetes  mellitus.  It  is  voided 
in  great  quantity.  Its  specific  gravity  is  very  high,  from 
1030  to  1050,  and  it  is  found  to  contain  a  very  large  quan- 
tity of  grape  sugar,  and  very  little  urea.  It  was  supposed  * 
that  in  this  disease,  urea  ceased  to  be  formed  by  the  system, 
and  was  replaced  by  sugar ;  but  I  have  shown,  that  although 
the  quantity  of  urea  is  very  small  in  any  one  specimen  of  the 
urine,  yet,  the  total  quantity  is  so  much  increased,  that  in 
twenty-four  hours  the  natural  quantity  of  urea  is  secreted  ; 
the  secretion  of  sugar  being  an  act  of  faulty  digestion,  and 
totally  nnconnected  with  the  urea.  These  results  have  been 
fully  confirmed  by  Macgregor.  The  diabetic  urine  sometimes 
contains  albumen,  which  arises  from  complication  of  other 
forms  of  disease. 

As  the  average  composition  of  urine  in  diabetes,  the  fol- 
lowing may  be  taken,  analyzed  by  myself.  Its  specific  gra- 
vity was  1-OS63,  it  contained  in  1000  parts,  water  91S, 
sugar  60,  urea  6*5,  salts,  extractive  matters,  and  uric  acid 
20*5.  This  patient  made  in  volume  about  four  times  the 
healthy  quantity  of  urine  in  twenty-four  hours. 

Urine  in  Dropsies. — In  those  diseases,  particularly  where 
associated  with  disease  of  the  kidneys,  the  urine  is  not 
increased  in  quantity ;  its  specific  gravity  is  very  low,  1005 
to  1015,  and  it  contains  but  very  little  urea,  but  generally 
albumen,  and  sometimes  caseum.  In  these  cases,  the  urea 
which  is  deficient  in  the  urine  is  found  in  the  serum  of  the 
blood,  and  in  the  dropsical  effusions.  In  some  states  of  the 
system,  which  do  not  appear  connected  with  any  distinct 
disease,  milk  passes  into  the  urine,  in  which  as  well  the 
butter  as  the  caseum  may  be  detected.  Such  cases  have 
even  been  met  with  in  males.     In  jaundice  the  colouring 
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material  of  the  bile  passes  abundantly  into  the  urine,  and 
may  be  detected  by  nitric  acid.  The  natural  elements  of 
the  urine  are,  however^  not  altered  in  quantity. 

Blue  and  Black  Urine. — ^The  urine  has  been  observed 
coloured  deeply  blue  by  a  peculiar  organip  substance,  which, 
however,  has  not  been  accurately  examined.  Braconnot 
found  it  contc^ined  nitrogen,  and  was  reddened  by  acids, 
and  the  colour  restored  by  alkalies.  But  Spangenberg 
found,  in  the  case  he  observed,  that  acids  dissolved  the  blue 
substance  without  changing  its  colour.  Moncet  observed 
in  the  urine  of  a  child,  a  black  matter  insoluble  in  water, 
but  soluble  in  alkalies.  Prout,  who  also  observed  this  sub- 
stance, termed  it  melanic  acid. 

In  many  states  of  the  systeip,  particularly  in  arthritic 
rheumatism,  there  is  a  great  tendency  to  the  formation  of 
uric  acid,  and  the  urate  of  ammonia  is  deposited  under  the 
form  of  a  crystalline  precipitate,  when  the  urine  cools.  It 
is  usually  mixed  with  more  or  less  of  a  yellowish-red  body, 
which  is  not  purpurate  of  ammonia,  (murexid),  as  Prout 
supposed,  but  a  peculiar  organic  substance,  soluble  in  al- 
cohol, which  deserves  more  minute  examination.  The  de- 
position of  this  excess  of  matter,  in  the  joints  and  sheaths  of 
the  tendons,  produces  the  gouii/  concretions,  which  consist 
for  the  most  part  of  urate  of  soda. 

In  other  conditions  of  the  system,  the  formation  of  phos- 
phatic  salts  predominates,  and  precipitates  occur  in  the 
urine,  which  are  generally  more  crystalline,  and  less  highly 
coloured,  than  those  of  uric  acid,  or  of  urates.  As  these 
different  conditions  of  the  secreting  orgaqs  require  different 
modes  of  treatment,  it  is  necessary  to  be  able  simply  to  dis- 
tingiush  between  these  two  kinds  of  sediment.  It  is  sufficient 
to  remark,  that  the  uric  acid  deposit  is  soluble  in  alkalies, 
Apd  insoluble  in  dilvitjs  a^ids^  whilst  the  phosphatic  sediments 
dissolve  in  dilute  acids,  but  not  in  alcaline  liquors,  even 
thoughy  decomposed  by  them. 

The  uric  acid,  and  the  inorganic  salts  of  the  urine,  are 
4g2 
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afterwards  deposited  in  the  bladder,  and  form  urinary  cal- 
culi. 

The  Uric  Acid  Calculus  is  probably  the  most  common. 
It  is  recognized  by  being  decomposed  by  heat ;  being  soluble 
in  caustic  alkalies,  and  precipitated  by  acids.  When  dissolved 
in  nitric  acid,  evaporated  and  moistened  with  water  of  am- 
monia, it  gives  the  rich  purple  colour  of  murexid. 

The  Urate  of  Ammonia  Calculus,  in  addition  to  the  cha- 
racters of  uric  acid,  gives  off  ammonia)  when  dissolved  in 
solutions  of  caustic  potash. 

The  P/tosphaie  of  Lime  Calculus  fuses  with  difficulty, 
or  not  at  all,  before  the  blowpipe.  It  is  dissolved  by  muri- 
atic acid,  and  precipitated  by  caustic  ammonia  from  this 
solution,  as  a  white  powder  not  crystalline. 

The  Ammoniaco-magnesian  Phosphate  CaUnduSy  is  gene- 
rally crystalline  in  structure ;  before  the  blowpipe,  it  gives 
off*  ammonia,  and  ultimately  melts,  though  with  difficulty. 
It  also  gives  off  ammonia,  when  boiled  with  caustic  potash, 
It  dissolves  in  dilute  acids,  and  is  precipitated  as  a  crystal- 
line powder,  on  the  addition  of  caustic  ammonia. 

The  two  latter  calculi  often  form  together,  and  produce 
the  triple  phosphate  or  fusible  calculus.  This  melts  readily 
before  the  blowpipe,  and  if  dissolved  in  a  dilute  acid,  it  gives 
with  oxalic  acid  a  precipitate  of  oxalate  of  lime,  and  then 
with  an  alkali,  a  crystalline  deposit  of  ammoniaco-magnesian 
phosphate. 

All  of  these  various  deposits  may  occur  in  the  bladder, 
either  successively,  and  form  the  alternating  calculus,  or  to- 
gether, forming  the  mixed  calculus.  The  recognition  of 
these  species  will  depend  on  the  careful  application  of  the 
methods  by  which  each  component  may  be  known,  as  already 
described. 

It  is  not  very  unfrequent  to  meet  with  calculi  formed  of 
materials  which  do  not  exist  in  healthy  urine,  but  are  pro- 
duced by  the  decomposition  of  its  natural  constituents. 
Thus  the  mulberry  calculus,  so  called  from  its  usual  external 
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form,  consists  of  oxalate  of  lime.  When  ignited  it  leaves 
caustic  lime,  which  browns  wet  turmeric  paper  strongly, 
dissolves  in  muriatic  acid,  and  is  precipitated  by  adding 
oxalate  of  ammonia.  Calculi  have  been  found  also,  though 
rarely,  consisting  of  carbonate  of  lime,  and  of  carbonate  of 
magnesia. 

The  most  remarkable  calculi  of  this  class,  however,  are 
those  formed  of  the  cystic  oxide,  and  xanthic  oxide ;  sub- 
stances of  purely  organic  nature.  The  latter  body  is  yellow, 
soluble  in  alkalies,  and  is  precipitated  by  the  addition  of  an 
acid.  It  dissolves  in  nitric  and  sulphuric  acids,  but  not  in 
muriatic  or  oxalic  acids.  Its  formula  is  N4C10H4O4.  It  con- 
tains, therefore,  the  same  carbon,  nitrogen,  and  hydrogen, 
as  uric  acid,  but  less  oxygen,  whence  the  name  uric  oxide 
has  been  proposed  for  it.  The  cystic  oxide  calculus  con- 
sists of  small  yellow  crystalline  plates,  which  dissolve  in 
alkalies,  and  crystallize  out  again  on  the  addition  of  an  acid, 
by  an  excess  of  which  the  cystic  oxide  is,  however,  redis- 
solved.  When  heated  strongly  it  is  decomposed,  evolving 
sulphurous  acid  and  ammonia.  It  forms  definite  salts  with 
the  nitric  and  muriatic  acids.    Its  formula  is  NC6H«04S3. 

When  blood  is  effused  into  the  bladder,  the  fibrine  is 
occasionally  aggregated  as  a  calculus,  the  recognition  of 
which  is  very  simple,  from  what  has  been  said  of  the  pror 
perties  of  fibrine,  (p.  1127). 

Those  who  would  wish  for  more  detailed  information  of 
the  properties  of  calculi,  and  of  the  composition  of  the  urine 
in  health  and  disease,  I  would  refer  to  the  truly  classical 
work  of  Doctor  Prout,  on  the  Diseases  of  the  Stomach  and 
Urinary  Organs. 

SECTION  V. 

OF  THE  MILK,  AND   OTHER  NATURAL  AND  MORBID  PRO- 
DUCTS, NOT  INCLUDED  IN  THE  PRECEDING  SECTIONS. 

Some  of  the  most  remarkable  constituents  of  milk  have 
been  already  described  as  lactic  acid,  (p.  891) ;  the  sugar  of 
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milk,  (p.  888) ;  the  butter,  fats,  (p.  986).  It  only  remains 
to  notice  the  general  composition  of  milk,  and  the  properties 
of  the  caseum  or  curd.  It  is  well  known  that  by  standing 
milk  abandons  the  greater  part  of  its  butter,  which  separates, 
with  other  substances,  as  cream.  Berzelius  found  the  cream 
from  cows*  milk,  to  have  specific  gravity  1'0244,  and  to  con- 
sist, in  100*0  parts,  of  4*5  of  butter,  separated  by  agitation, 
3*5  of  caseum,  with  some  butter,  separated  by  coagulation, 
and  9S  of  whey.  The  skimmed  milk  had  a  specific  gravity 
of  1*0348,  and  contained  in  lOO'O  parts  : 
Caseous  matter  with  some  butter    .     .     .     2'600 

Sugar  of  milk 3-500 

Alcoholic  extract  with  lactic  acid    .     .     .     0-600 

Chloride  of  potassium 0*170 

Alcafine  phosphates 0*025 

Earthy  phosphates  and  a  trace  of  iron      .    0-230 
Water 92-875 

The  following  table  presents  the  best  resu 
been  as  yet  obtained  on  the  average  composition  of  the  milk 
of  diflferent  animals : 


100-000 


ts  that  have 


Specific  GiSTity  . 
Witer    .... 

Human. 

Mares. 

Aties. 

Cowi. 

Sheep. 

Dogs. 

1-03S3 

1-0395 

1-0322 

10820 

1-0380 

88*36 

88*68 

90-47 

85-91 

53-2 

65-74 

Extractive  .    .    . 

1-24 

•     • 

•    - 

^Cream 
11-5) 

2-90 

Cuein   .... 

3-40 

1-82 

1-95 

700 

15-3 

17-40 

BuUer   .... 

2*53 

0-75 

1-29 

3-93 

5-8 

16-20 

!  Sugar     .... 

4-25 

8-75 

6-29 

2-87 

42 

(Salts 

Athet     .... 

0-22 

•     • 

•     • 

0-29 

•     • 

1-50) 

The  butter  of  human  milk  is  more  solid  than  that  of  the 
cow,  and  appears  to  contain  no  butyrine. 

The  caseum  or  codeine  \s  capable  of  existing  in  a  soluble 
.and  an  insoluble  condition  like  albumen.  In  milk  it  is  princi- 
pally dissolved,  but  a  part  insoluble,  united  with  the  butter, 
produces  the  emulsive  appearance  of  the  milk.  On  adding 
sulphuric  apid  to  skimmed  milk,  the  caseine  prefcipitates  com- 
bined with  the  acid,  as  a  white  coagulum,  which   being 
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washed  with  water,  so  as  to  remove  all  adhering  milk,  and 
then  digested  with  carbonate  of  barytes ;  the  caseine  dis« 
solves  in  the  water^  and  may  by  filtration  be  freed  from  all 
traces  of  the  butter,  sulphuric  acid,  or  barytes.  The  caseine 
may  also  be  precipitated  by  alcohol,  and  when  the  curd  is 
digested  with  ether  to  remove  all  traces  of  butter,  it  may  be 
looked  upon  as  pure. 

The  solution  of  caseine  in  water  is  thick,  like  mucilage ; 
it  smells  as  boiled  milk,  and  dries  down  to  an  amber-coloured 
mass,  which  is  again  soluble  in  water.  The  solution  is  coa- 
gulated by  all  acids,  even  acetic  acid,  particularly  when  hot, 
and  by  alcohol.  In  relation  to  acids,  caseine  is  similar  to 
albumen,  except  that  to  acetic  acid ;  the  constitution  of  its 
precipitates  being  precisely  similar. 

The  coagulated  condition  of  casein  is  not  produced  by 
boiling,  but  only  by  the  digestive  principle  (rennet,  pepsine), 
as  already  described  (p.  1155).  When  thus  coagulated,  ca- 
sein is  absolutely  undistinguished  from  coagulated  albumen 
in  its  properties.  It  contains  a  considerable  quantity  of  bone- 
earth  (phosphate  of  lime),  amounting  to  five  or  six  per  cent, 
in  intimate  combination.  Its  organic  element  was  found  by 
Mulder  to  be  protein,  of  which  ten  atoms  are  combined  with 
one  of  sulphur,  the  formula  of  caseine  being  C4ooU3ioNfloOi2o + 
S.  It  contains  no  phosphorus,  but  to  each  atom  so  expressed, 
two  atoms  of  bibasic  phosphate  of  lime. 

When  coagulated  casein,  containing  water,  (cheese),  is 
kept  for  a  long  time,  it  undergoes  a  remarkable  kind  of  de- 
composition, and  a  substance,  crystallizable  and  soluble  in 
water,  is  obtained,  termed  by  Bragonnot  aposepedine.  By 
Mulder's  experiments  it  appears,  however,  to  be  impure  leu- 
cine, (p.  1134),  and  the  caseous  oxide  and  caseic  acid  of 
Prout  appear  also  to  be  the  same  bodies  as  have  been 
already  noticed  as  formed  from  the  decomposition  of  the 
other  protein  substances. 

By  contact  with  casein,  sugar  of  milk  is  rapidly  con- 
verted into  lactic  acid,  which  precipitates  the  caseine  with- 
out, however,  really  coagulating  it,  hence  on  neutralising  the 
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acid,  the  caseine  redissoWes  and  may  react  on  a  new  quantity 
of  sugar.  In  this  manner  Fremy  has  shown  that  the  lactic 
fermeniaiiam  may  be  carried  on  to  an  indefinite  extent. 

C<m$iiiuiian  of  Eggs. — ^The  shell  of  hens*  eggs  consists  of 
firom  90  to  95  per  cent,  of  carbonate  of  lime«  one  to  five  of 
phosphate  of  lime,  and  two  to  five  of  animal  matter.  Inter- 
nally it  is  lined  by  a  membrane  analogous  to  epidermis. 
The  white  of  egg  is  a  concentrated  solution  of  albumen,  con- 
tained in  the  cells  of  a  delicate  membrane,  in  the  centre  of 
which  the  jcik  is  suspended.  The  nutritive  material  of  the 
yolk  consists  of  albumen  and  an  oil^  also  a  yellow  colouring 
matter,  analogous  to  that  of  bile.  The  ail  of  eggs  is  obtained 
by  expressing  the  egg  boiled,  and  partly  torrefied ;  it  is  red- 
dish-yellow, thick,  and  solidified  by  cold ;  it  soon  becomes 
rancid ;  the  solid  portion  of  it  appears  to  be  cholesterine ;  the 
liquid  contains  phosphorus  and  nitrogen,  and  is  not  sapo- 
nifiable.  When  the  young  animal  is  developed  during  incu- 
bation, the  quantity  of  phosphoric  acid  in  its  bones  is  ex- 
actly represented  by  the  quantity  ot  phosphorus  in  the 
yolk  and  white,  but  as  these  bodies  contain  very  little  lime, 
that  earth  must  be  derived  from  the  shell,  which  becomes 
thin  and  brittle  as  the  animal  advances  in  growth. 

liqwor  of  ike  Ammo$. — ^This  fluid,  in  which  the  foetus  is 
immersed  before  birth,  appears  to  be  identical  in  consti- 
tution with  the  liquor  eflfused  from  serous  surfaces  in  dropsy, 
(p.  1141).  The  liquor  of  the  allanioU  of  the  cow,  which  is 
really  the  urine  of  the  foetus,  is  of  the  same  nature,  but  con- 
tains in  addition  a  small  quantity  of  allantoln,  the  artificial 
formation  of  which  is  described  p.  1 166. 

Black  Pigment  of  the  £ye.— This  substance  is  insoluble 
in  water  and  alcohol.  It  is  decomposed  by  strong  acids  and 
alkalies.  Caustic  potash  dissolves  it,  forming  a  yellow  liquor, 
from  which  acids  throw  down  a  clear  brown  powder.  The 
action  of  nitric  acid  is  nearly  the  same.  The  euttle^h  ink 
has  much  analogy  with  the  black  matter  of  the  eye,  giving, 
when  dried,  a  black  powder,  insoluble  in  water,  alcohol  and 
ether,  which  dissolves  in  nitric  acid  and  potash,  with  a  red- 
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dish-yellow  colour,  from  which  solution  a  yellowish  powder 
falls  when  it  is  neutralized*  The  true  nature  of  these  black- 
colouring  matters,  and  their  relation  to  the  melanic  acid  of 
Prout,  which  sometimes  appears  in  the  urine,  would  deserve 
attentive  study. 

TheHumouTM  of  the  Eye  consist  of  water,  holding  in  solu- 
tion albumen  in  small  quantity,  with  the  salts  which  usually 
accompany  it.  The  crystalline  lens  consists  of  albumen,  in 
a  state  of  beautiful  and  complex  organization,  amounting  to 
about  thirty-eight  per  cent,  of  the  entire  mass,  which  con- 
tains about  sixty  of  water. 

Cerumen — Wcuc  of  the  Ear. — This  substance  contains  an 
albuminous  material  insoluble  in  water,  a  solid  and  a  liquid 
fat  soluble  in  ether,  and  a  deep  yellow  matter,  soluble  in 
alcohol,  and  insoluble  in  ether,  to  which  its  colour  and  very 
disgusting  taste  are  due ;  another  constituent  which  appears 
to  be  peculiar  to  this  secretion  is  brown,  insoluble  in  caustic 
potash  ;  it  resembles  most  horn  in  its  properties,  but  is  still 
quite  distinct  from  that  body. 

Pus. — This  remarkable  morbid  secretion  has  generally  a 
specific  gpravity  of  1*030.  It  consists  of  a  clear  liquor,  in 
which  float  a  great  number  of  yellow  globules,  of  various 
siases,  the  largest  of  which  are  about  twice  the  size  of  the  glo- 
bules of  the  blood.  Pus  loses  by  drying  86*1  of  water  in  100 
parts  and  hence  contains  13*9  of  solid  material,  from  which 
alcohol  takes  5*9  of  fatty  and  extractive  matters,  and  leaves 
7*4  per  cent,  of  a  residue,  which  consists  of  coagulated  albu- 
men, the  solid  globules  and  a  substance  peculiar  to  pus. 

The  globules  of  pus  appear  to  consist  of  coagulated  albu- 
men. The  serum  contains  two  liquids,  both  coagulable  by 
heat.  One  is  albumen,  the  other  pyin^  which  is  charac- 
terized by  being  coagulated  both  by  heat,  by  acetic  acid,  and 
by  a  solution  of  alum.  Giiterbach,  who  has  recently  examined 
pus  with  great  care,  finds  the  only  certain  distinction  be- 
tween pus  and  mucus  to  be  that  the  pus  globules  sink  always 
in  water,  whilst  the  mucus  swims.  If  the  suspected  liquid 
be  dried,  the  extraction  of  the  fatty  substance  by  ether 
should  decide  very  positively. 
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Ambei^ri$e. — ^Thit  sabstanoe,  which  is  generally  found 
floatiag  OB  the  sea-coasts  of  tropical  islands,  is  known  to  be 
an  intestinal  concretion  of  the  spermaceti  whale,  analogous 
to  the  gall-stones  of  chdesterine  in  other  animals*  Its  prin- 
oipal  ingredient  is  the  ambrem^  which  is  obtained  by  solution 
in  boiling  alcohol,  whence  it  crystallises  on  cooling  in  jfine 
needles.  It  is  white,  tasteless,  of  a  very  agreeable  odour ; 
it  is  not  saponifiable ;  its  formula  is  C33H32O.  By  boiling 
with  nitric  acid  it  produces  ambreU:  acid,  which  crystallixes 
from  its  solution  in  alcohol  in  small  colourless  tables ;  it  red- 
dens litmus,  but  is  scarcely  soluble  in  water;  it  forms  well 
defined  yellow  salts,  with  the  alkalies ;  its  formula  appears 
to  be  C»Hfl»NOtt. 

SECTION  VI. 

OF  THE  PRESERVATION  AND  PUTREFACTION  OF  ANIMAL 
MATTERS. 

From  the  greater  complexity  of  composition  of  animal 
substances,  their  decomposition  is  more  rapid,  and  its  pro- 
ducts more  diverse  than  m  the  case  of  organic  bodies  of 
vegetable  origin;  whilst  the  carbon  hydrogen  and  oxygen 
give  origin  to  the  various  kinds  of  ulmtne  and  other  sub- 
stances of  the  same  class,  the  nitrogen  is  generally  evolved 
as  ammonia,  and  the  sulphur  as  sulphuretted  hydrogen.  It 
is  the  presence  of  these  bodies  that  give  to  putrefying  sub- 
stances the  disagreeable  odour  by  which  that  process  is 
diBtingaished  from  mere  mouldering  or  rotting. 

Even  during  life  the  constituent  particles  of  the  body  are 
in  a  continual  state  of  change,  being  absorbed  and  thrown 
out  of  the  system  whilst  others  aie  assimilated  in  their  place. 
Any  part  of  our  constituents,  liquid  or  solid,  which  becomes 
unfitted  for  this  vital  fiinction  is  thereby  killed,  and  must,  if 
not  gotten  rid  of,  induce  the  death  of  the  individual.  Hence 
precisely  the  same  means  which  give  to  animal  substances 
the  fixity  of  constitution,  which  belongs  to  true  chemical 
compounds,  and  thus  preserve  them  from  decomposition  by 
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the  disturbing  action  of  their  own  elements^  (as  when  we 
coagulate  albumen  by  an  acid^  by  corrosive  sublimate,  or  by 
sulphate  of  copper),  produce,  if  applied  to  the  living  body, 
the  death  of  the  part  or  of  the  whole  being,  by  depriving  the 
blood  or  the  tissue  of  the  mutability  of  constitution  which  is 
required  for  the  functions  of  the  animal  frame. 

It  is  thus  that  the  generality  of  metallic  poisons  act  in 
producing  death.  Being  absorbed  into  the  system,  they 
unite  with  the  albumen  and  fibrine  of  the  blood,  and  convert- 
ing them  into  the  insoluble  compounds  which  we  form  in  the 
laboratory,  unfit  them  for  the  continual  absorptive  and 
secretive  offices  which  as  organs  while  they  live  they  must 
fulfil.  If  the  injury  be  local  and  limited  in  extent,  the  part 
so  coagulated  may  be  thrown  ofi^,  and  after  a  certain  time  the 
functions  return  to  their  proper  order.  If  the  mass,  or  the 
importance  of  the  affected  parts  be  greater,  the  system  can- 
not so  get  rid  of  the  portions  which  have  thus  been  removed 
from  the  agency  of  life  to  submit  to  merely  chemical  laws,  on 
the  contrary,  the  vital  powers  of  the  remaining  portions  of 
the  animal  are  so  much  weakened  in  the  effort  that  general 
death  is  caused. 

For  putrefaction  it  is  thus  necessary — 1st,  that  the  force 
of  vitality,  which  governs  so  completely  the  mere  chemical 
tendencies  of  the  elements  of  our  tissues,  be  removed  ;  2nd, 
that  there  shall  not  be  present  any  powerful  chemical  reagent, 
with  which  the  organized  material  may  enter  into  combina"" 
tion,  and  thus  the  divellant  tendencies  of  the  affinities  of  its 
elements  be  overcome ;  3rd,  that  water  be  present  in  order 
to  give  the  necessary  mobility ;  4th,  that  oxygen  be  pre- 
sent, or  at  least  some  other  gas,  into  the  space  occupied  by 
which  the  gaseous  products  may  be  diffused ;  and,  lastly, 
that  the  temperature  shall  be  within  moderate  limits,  putre- 
faction behig  impossible  below  32^,  and  above  182^ 

The  agency  of  the  first  of  these  preventive  powers  need 
not  be  further  noticed.  The  second  is  extensively  employed 
in  the  preparation  of  bodies  for  anatomical  purposes,  by 
baths,  or  injections  into  the  arteries,  of  solutions  of  corrosive 
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sublimate,  acetate  of  alumina,  sulphate  of  iron,  tannin,  wood 
vinegar,  and  kreosote ;  this  last  body,  however,  does  not  ap- 
pear to  act  by  direct  combinations,  but  by  the  complete 
(catalytic)  coagulation  it  produces  in  all  the  tissues  of  the 
body  that  have  protein  for  their  base.     The  necessity  for 
the  presence  of  water  is  shown  by  the  fact,  that  by  drying 
the  animal  substances  they  are  completely  preserved.    It  is 
thus  that  the  bodies  of  those  perishing  in  the  Arabian  de- 
serts, are  recovered  years  subsequently,  dried,  but  com- 
pletely fresh.     Alcohol  and  common  salt  act  in  preserving 
animal  bodies  by  their  affinity  for  water.    If  a  piece  of  flesh 
be  covered  with  salt,  the  water  gradually  passes  from  the 
pores  of  the  flesh,  and  dissolving  the  salt,  forms  a  brine, 
which  does  not  wet  the  flesh  (p.  897),  but  trickles  off  its 
surface;   the  water  necessary  for  putrefaction  is  thus  re- 
moved.    The  mode  of  strengthening  alcohol  in  a  bladder 
(p.  897),  rests  on  the  same  principle.   Fourth,  by  excluding 
oxygen,  the  putrefactive  process  is  retarded,  precisely  as  the 
fermentative  action  of  the  gluten  in  grape  juice  (p.  894) 
cannot  begin  until  a  small  quantity  of  oxygen  be  absorbed. 
It  is  thus,  that  meat  which  is  sealed  up  in  close  vessels,  and 
then  boiled  for  a  moment,  is  preserved ;  the  small  quan- 
tity of  oxygen  of  the  air  remaining  then  in  the  vessel  is  ab- 
sorbed, and  the  product  of  that  minute  change  being  coagu- 
lated by  the  heat,  it  cannot  proceed  further.  A  high  tempera- 
ture stops  putrefaction  by  coagulating  the  azotized  materials; 
a  temperature  below  32^,  by  freezing  the  water,  acts  as  if 
the  tissue  had  been  dried;  in  both  cases  putrefaction  is 
arrested. 

During  putrefaction,  at  a  stage  prior  to  any  fetid  gas  being 
evolved,  a  peculiar  organic  substance  is  generated,  possessed 
of  intensely  poisonous  properties,  and  the  blood  of  persons 
who  have  died  from  its  efl'ects,  is  found  to  be  quite  dis- 
organized and  irritating  when  applied  to  wounds.  The 
blood  of  over-driven  cattle  is  found  to  produce  effects 
similar  to  those  of  venomous  reptiles,  and  the  wounds  re- 
ceived in  dissection  are  sometimes  followed  by  similar  fatal 
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consequences.  The  communication  of  disease,  in  this  way, 
has  recently  been  very  ingeniously  ascribed  by  Liebig  to  the 
genera]  principle  of  the  communication  of  decomposition  by 
contact,  (p.  385).  The  small  quantity  of  diseased  organic 
matter  originally  introduced  into  the  system  by  absorption, 
acts  as  a  ferment,  and  reproduces  itself  in  the  mass  of 
blood  until  this  becomes  unfitted  for  the  performance  of  its 
functions  and  the  animal  is  killed ;  the  active  principle  being 
thus  copiously  present,  is  exuded  from  the  skin  and  lungs, 
and  gives  a  contagious  character  to  the  disease,  or  it  re- 
mains only  in  the  blood,  oris  secreted  in  pustules,  &c.,  con- 
stituting infection  by  which  the  disease  may  be  communicated 
to  another  person. 

In  the  decomposition  of  vegetable  matter,  in  marshes, 
similar  maleficent  products  may  be  evolved ,  and  throwing  the 
blood  of  the  animal,  by  whom  they  are  absorbed,  into  fermen- 
tative decomposition,  produce  the  effects  of  malaria  and 
marsh  miasm. 
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.  Arseniovinic,  910. 


Arsenic,  620. 

Am*ic,  666. 

Aspartic,  1023. 

Azoleic,  980. 

.^~~~.  Aznlmic,  852. 

^. Benzoic,  952. 

^—  Benzoylic,  955. 

Boletic,  1017. 

—  Boracic,  531. 

Bromic,  619. 

Butyric,  987. 

Carbonic,  802. 

Carbovinic,  914. 


Acid  Carbomethylic,  1092. 

Camphoric.     Camphovinic, 

965. 

Capric.     Caproic,  987. 

■  Catechu-tannic.     Catechuic, 
1013. 

Caincic,  1017. 

Caffeic,  1025. 

Caseic,  1179. 

Chlorous,  498. 

Chloric,  496. 

Chloro-carbonic,  819. 

Chloro-acetic,  940. 

Chlorisatic,  1047. 

—  Chloro-chromic,  742. 
Chlomapthalic,  1099. 

—  Chloro-phenic,  1101. 

Chloroxalovinic,  942. 

Chloroproteic,  1133. 

Cholesteric,  1138. 

— —  Chromic,  610. 

Chrysammic,  1034. 

Chrysanilic,  1046. 

Chrysol^ic,  1035. 

Cinnamic,  956. 

Citric,  1001. 

Citrakonic,  1003. 

Cinchonic,     Cinchona-tannic, 

1015. 
Coccotannic,  1016. 

—  Coccostearic,  984. 

Colophonic,  968. 

Columbic,  616. 

Crenic.  Apocrenic,  1063. 

Crotonic,  989. 

Cumenic.  Cumen-8ulphuric962 

Croconic,  820. 

Cyanic,  853. 

—  Cyanuric,  856. 

CyaniHc^  873. 

Cyanoxalic,  1167. 

Cymensulphuric,  962. 

Delphinic,  988. 

Dialuric,  1170. 

Elaidic,  980. 
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Acid  Equisetic,  1003. 
— .  Eugenic,  957. 

Ellagic.  1012. 

Ethionic,  907. 

Ethalic,  992. 

—  Formic,  1094. 
.-.-.  Formo-benzoic,  954. 

Fulminic,  855. 

Fumaric,  1005. 

Fungic,  1016. 

Geic,  1082. 

Gallic,  1012. 

Glacic,  887. 

—  Hippuric,  1172. 

^— .  Humous.  Homic,  1063. 

—  Hjdro-bromic,  519. 
Hydro-chloric,  500. 

—  Hydrocyanic,  857. 

Hydro-fluoric,  522. 

-.-.-.  Hydro-fluoboric,  533. 
— -  Hydro-fluosilicic,  529. 

—  Hydrtodic,  513. 

—  Hydroleic.    Hydro-margaric, 

983. 
*—  Hypo-antimonious,  632. 

Hypo-chlorouB,  495. 

.~—  Hypo-nitrons,  446. 

Hypo-phosphorous,  483. 

— ^  Hypo-sulphuric,  473. 
— ..  Hypo-sulphurous,  472. 

Iodic,  511. 

Isethionic,  907. 

Itakonic,  1003. 

Jatrapw,  1015. 

Rinoic,  1016. 

Komenic,  1007. 

Krameric,  1017. 

Lactucic,  1016. 

Lipic,  980. 

Malic,  1003. 

Maleic,  1005. 

Manganic,  583. 

.— ..  Meconic,  1006. 

Melanic,  1175. 

Melassic,  888. 

Margaric,  976. 

Melangallic,  1012. 

MelUtic.  820. 

Mesoxalic,  1168. 

.  Methionic,  908. 

Metoleic  Metamargaric,  9Q2. 

Metapectic,  1019. 

Metaphosphoric,  486. 

Molybdic,  613. 

. Mucic,  889. 

......  Muriatic,  500. 

-.-^  Mycomelinic,  1168. 

Myristic,  986. 

Myronic,  960. 


Acid  Nitranisic,  967. 

Nitric,  449. 

Nitro-leucic,  1134. 

Nitro-meconic,  1028. 

Nitro-phenesic,  llOl. 

Nitro-muriatic,  505. 

Nitrous,  447. 

GSnanthic,  946. 

Oleic,  977.    jr 

Osmic,eW;    ^^^ 

Oxalic,  815. 

Oxalovinic,  915. 

Oxaluric,  1169. 

Oxypinic,  968. 

Palmic,  988. 

Pahnitic,  985. 

ParelJagic,  1012. 

Paracyanic,  853. 

Parabanic,  1168. 

Perchloric,  499. 

vPectic,  1019. 

.  Periodic,  513. 
—^^  Phosphomesitilic,  935. 

Phosphoric,  485. 

— ^  Phosphorous,  484. 

Phospho-vinic,  910. 

Permanganic,  584. 

Prussic,  857. 

—  Pyromucic,  889. 

Pinic,  967. 

Pimelic,  980. 

Picric,  1045. 

Proteosulphivic,  1132. 

Purpuric,  1172. 

Pyro-racemic,  1001. 

Pyro-tartaric,  999. 

Pyro-meconic,  1007. 

Pyro-gallic,  1011. 

Racemic,  1000. 

Rhodizonic,  820. 

Ricino-stearic.Ricinic,  988. 

Rubinic,  1015. 

Rufin-sulphuric,  1022. 

Saccharic,  884. 

Saccharohumic,  1080. 

Sacchulmic,  1079. 

Salicylic,  959. 

•—  Sebacic,  978. 

— —  Selenious.  Selenic,  479. 

Silicic,  525. 

Stannic,  607. 

Stearic,  974. 

Suberic,  979. 

Succinic,  970. 

— .-  Sulpho-benzoic,  954. 
— ^  Sulpho-amilic,  947- 

Sulpho-ethalic,  992. 

Sulpho-glyceric,  973. 

Sulphindvlic,  1044. 


INDEX. 


1189 


Acid,  Sulpholeic-Sulpho-margaric, 

982. 
1-^..  Sulpho-mesitic,  935. 
Sulpbo-methjlic,  1091. 

■  Sulpho-napthalic,  1100. 

Sulpho-purpuric,  1044. 

— «»  SuIpho>vinic,  906. 
•— »  Sulphuric,  465. 

Sulphurous,  463. 

Svlvic,  968. 

Tannic,  1007. 

Tantalic,  616. 

Tartaric,  993. 

Tartralic-Tartrelic,  999. 

Telluroua.     Telluric,  639. 

Thionuric,  1169. 

Titanic,  617. 

Tungstic,  612. 

.  Turpentinic,  964. 

Ulmic,  1080. 

Vanadic,  612. 

Valerianic,  948. 

Verdous  and  verdic,  1017- 

Xanthoproteic,  1133. 

Hydroxanthic,  916. 

Hydrosulpho-c^anic,  872. 

Sulpho-carbonic,  823. 

Acaroid  Resin,  969. 

Aconitine,  1072. 

Acroleon,  982. 

Adhesion  of  Solids  to  Liquids,  18. 

Actions  by  Contact,  381. 

^sculine,  1028. 

iEroliths,  586. 

Affinity,  Chemical,  253. 

Order  of,  259. 

influenced  by  Cohesion*  266. 

Elasticity,  271. 

Light,  277. 


Measure  of,  328. 


Aggregation,  States  of,  16. 
Agricultural  Chemistry,  1105. 
Air,  Atmospheric  426. 

Expansion  of,  83. 

Alabaster,  708. 
Albumen,  Animal,  1129. 

VMfetable,  893. 

Alcohol,  Ordinary,  897. 

Methylic,  1090. 

Amylic,  947. 

Alcoates,  899. 
Alkanna-red,  1037. 
Alizarme,  1036. 
Alembroth,  Salt  of,  846. 
Algarotti,  Powder  of,  749. 
Alkaline  Earths,  539. 
AUantoine,  1166. 
Alkarsin.  Alkargene,  936. 
Alkalimetry,  809. 


Alkalies,  538. 
Alloxan,  1167. 
Alloxantine,  1170. 
Aloes,  Acids  from,  1034. 
Alum,  717. 

Aluminum.  Alumina,  570. 
Salts  of,  715. 


Almonds,  fixed  Oil  of,  977. 
volatile  Oil  of,  952. 


Amber,  969. 
Ambergris.    Ambreine,  1182. 
Amnios,  Liquid  of  the,  1 180. 
Amilene,  947. 
Amidogene,  827. 
Ammonia,  824. 

Ordinary  Salts  of,  842. 

Metallic  Salts  of,  832. 

Anhydrous  Salts  of,  841. 


Ammonium,  843. 
Ammoniurets,  829. 
Ammoniacal  Amalgam,  843. 
Ammeline,  874. 
Amilic  Alcohol,  947. 
Ammoniacum,  969. 
Amygdaline,  950. 
Anhydrite,  708. 
Anilene,  1046. 
Anemonine,  1025. 
Animal  Chemistry,  1126. 

Charcoal,  792. 

Electricity,  205,  225. 


Anatase,  617* 
Analcime,  56, 
Analysis,  Nature  of,  2. 
Organic,  795. 


Antimoniiu  Powder,  750. 

Antimoniates,  633. 

Antimony  Crocus.  Glasset  of,  633. 

Anthracite,  1085. 

Antimony,  631. 

Oxide  of,  682. 

Sulphurets  of,  635. 

Detection  of,  638. 

SalU  of,  748. 


Antimoniuret  of  Hydrogen,  687. 
Anime  resin,  969. 
Anise  Oil  of,  961. 

Camphor,  966. 

Antiar  Resin,  969. 
Asarum,  Oil  of,  961. 

Camphor,  966. 

Asparagine.   Aspartic  Acid,  1028. 
Asphaltene,  969. 
Assafoetida,  969. 
Apotheme,  1032. 
Arrow  Root,  876. 
Arterialization,  1151. 
Arsenic,  618. 

.  Acids  of,  619 
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Arsenic,  Solphurets  of,  623. 

Detection  of,  6224. 

Antidote  to,  631. 

SalU  of,  745. 

Arsenate  of  Potash,  74C. 

Iron,  747. 

Silver,  761. 

Arsenite  of  Potash,  746. 
— ^—  Copper,  754. 

Silver,  761. 

Arseninret  of  Hydrogen,  621. 

Arabine,  680. 

Aqua-regia,  505. 

Archill,  1050. 

Aricine,  1059. 

Artificial  Tannin,  lOld. 

Asphalt,  1087. 

Atmosphere,  426. 

^-—  Composition  of,  428.  • 

Effect  of  Respiration  on, 

434. 

Pressure  of,  436. 

Extent  and  Form  of,  438. 

Atmospheric  Electricitj,  202. 

Atomic  Theory,  352. 

Atoms,  Physical  and   Chemical, 

355. 

Specific  Heat  of,  103. 

Atropine,  1073. 
Aurates,  666. 
Azote,  422. 
Azobenzyl,  955. 
Asolitmine,  1049. 
Azure  Blue,  737. 

B. 

Balance,  ElectrioaU  182. 
Balsams,  Nature  of,  957- 
Barium,  559. 

Chloride  of,  705. 

Sulphuret  of,  561. 

Barilla,  809. 

Barytes,  560. 

Salts  of,  705. 

Basic  Salts,  677. 
Barometer,  436. 
Batteries,  Galvanic,  214. 

Constont,  222. 

Bdellium  Resin,  969. 
Belladonine,  1073. 

Bell  Metal,  647. 
Benzoates,  952. 
Benzylc  Compounds,  952. 
Benzin.   Benzone,  954. 
Benzoine  Resin,  969. 
Bcrberine,  1040. 
Bergamotte,  Oil  of,  963. 


Bile,  Constitution  of  the,  1157. 
Bilein,  Bilifulvine,  1159. 
Biliary  Calculi,  1160. 
Binary  Theory  of  Salts,  686. 
Birch  Resin,  669. 
Bismuth,  652. 

Oxides  of,  654. 

Salts  of,  757. 

Sulphuret  of,  654. 

Bittern,  700. 

Black  Pepper,  Oil  of,  963. 

Black  Flux,  546. 

Black  Lead,  789. 

Blood,  Composition  of  the,  1144. 

Globules,  1147. 

Serum  of  the,  1145. 

in  Disease,  1148. 


Blue,  Prussian,  867. 
11        Azure,  737. 

Thenards,  737. 

Blue,  Vepditer,  813. 
Boilinff  Points  of  Liquids,  129. 
Bone  £arth,  709. 
Boracite,  715. 

Bones,  Composition  of,  1142. 
Blende^  601. 
Borates  of  Soda,  704. 
Boracic  Acid.  Boron,  531. 
Boron,  Fluoride  of,  533. 
Borax,  704. 

Bleaching  Powder,  709. 
heoryof,  1054. 


Brass,  648. 
Bromine,  517. 

Chloride  of,  520. 


Bromide  of  Sulphur,  520. 

Potassium,  698. 

Mercury,  764. 


Bromates,  519. 
Braziliin,  1037. 
Brucine,  1067* 
Brain.  Fats  of  the,  1137. 
Butyrine.   Butyrone,  987. 
Bronze,  647. 


C. 

Cadmium  and  its  Compounds,  604. 
Salts  of,  739. 


Caffeine,  1024. 

Cajeput,  Oil  of,  961. 

Calamine,  601. 

Calc  Spar,  563. 

Calcium  and  its  Oxides,  563. 

Sulphuret,  567. 

Salts  of,  707. 


Calcination  of  Ores,  543. 
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Calculi.  Biliary,  1160. 

Vesical,  1176. 

Calomel,  763. 
Calorimeter^  101. 
Cameleon  Mineral,  583. 
Camphene,  963. 
Camphors  of  the  Oils*  964. 
'  Camphor,  Common,  965. 
Camphor  Tree,  Oil  of,  961. 
Camphilene,  964. 
Campholen,  965. 
Caoutchouc.  Caoutdune,  971. 
Caprine.     Caproin^987« 
Capacity  of  Bodies  for  Heat,  98. 
Catalysis,  381. 
Carbon,  forms  of,  786. 
Carbonic  Acid,  802. 

Oxide,  814. 

Carbon,  Sulphuret  of,  821. 

'        Chlorides  of,  823. 
Carbonates  of  Potash,  805. 

Soda,  807. 

.  Lime,  811. 


—  Barytes,  811. 

—  Magnesia,  811. 

—  Iron,  812. 

—  Copper,  813. 
^  Lead,  813. 

•  Ammonia,  849. 


Carburets,  814. 

Caramel,  884. 

Cane  Sugar,  882. 

Carmine,  1041. 

Carthamine,  1088. 

Cartilage,  1133. 

Caseum.  Caseine,  1179. 

Cassius,    Purple  of,  666. 

Cantharidine,  1025. 

Catechine,  1014. 

Cementation,  589. 

Cerin.    Ceraincs  993. 

Cedririt,  1103. 

Cellular  Tissue,  1140. 

Cerebrot.     Cerebrol,  1137. 

Cerium  and  its  Compoimds,  575. 

Ceruse,  813. 

Cetene,  992. 

Cetrarine,  1026. 

Charcoal,  790. 

Chalk,  563. 

Chelerythrine,  1071. 

Chelidonine,  1072. 

Chemical  Action  of  Galvanism, 


Chemistry,  Ori^n  and  Object,  of, 

Derivation  of,  3. 

Agricultural,  1105. 

Animal,  1126. 


Theory  of  Galvanism,  218. 
-  Affinity,  253. 
.  Rays  of  Light,  280. 

Voltameter,  315. 

Equivalents,  331. 


Chemical  Nomenclature,  241. 

FormulsB,  252. 

Chinoyl,  1016. 
Chlorine,  490. 

Properties  of,  492. 

Compounds  with  Oxygen, 

495. 
Chloride  of  Hydrogen,  500. 

Sulphur,  505. 

Selenium,  508. 

Iodine,  5 17« 

Silicon,  527. 

Potassium,  691. 

Sodium,  699. 

Boron,  532. 

Barium,  705. 

Strontium,  706. 

Caldum,  707. 

Lime,  709. 

Magnesium,  714. 

— —  Aluminum,  715. 

Manganese,  730. 

Iron,  731. 

Nickel,  735. 

Cobalt,  736. 

Zinc,  737. 

Tin,  739. 

Chrome,  741. 

Arsenic,  745. 

Antimony,  748. 

Titanium,  750. 

Copper,  751. 

Lead,  755. 

Bismuth,  757* 

Silver,  758. 

Mercury,  761. 

Gold,  767. 

Palladium,  769. 

Platinum,  770. 

Rhodium,  771* 


-  Cyanogen,  862. 
.  Carbon,  823. 
■  Ammonium,  645. 


Chlorate  of  Potash,  497,  697. 
Chlorometry,  712. 
Chlorine  and  Indigo,  1046.    . 
Chloral,  940. 
Chloryl-ether,  941. 
Chloroxalic  Ether,  941. 
Cholesterine,  1137. 
Chondrine,  1136. 
Chlorophyll,  1051. 
Chrysorhanmine,  1039. 
Choke  Damp,  938. 
Chromium,  609. 
h2 
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Chromiam  Oxide,  Acid  of,  610. 

Salteof,  741. 

Chromates  of  Potash,  743. 

Lead,  757- 

Mercury,  7^. 

Chrome  Alum,  742. 

Iron,  609. 

Chyle  and  Chyme,  1155,  1161. 
CMnnamyl,  956. 
Cinnameine,  957* 
Cinnamon,  Oil  of,  956. 
Cinchona  Red,  1015. 
Cinchonine  and  its  Salts,  1058. 
Circular  Polarization,  57. 
Circles,  Galvanic,  208. 
Cissampelline,  1077. 
Cinnabar,  660. 
— ^—  Factitious,  668. 
Citrates,  1002. 
Citron,  Oil  of,  963. 
Coal,  Constitution  of,  1085. 

Gas,  Nature  of,  1097. 

Cobalt,-599. 

i— *  Compounds  of,  601. 

Salto  of,  736. 

Clay,  Composition  of,  726. 
Cloves,  Oil  of,  957. 
Cohalto-cyanides,  869. 
Cocoa  Stearine,  984. 
Cocculin,  1026. 
Cochineal  Red,  1041. 
(Codeine,  1063. 
Cohesion,  Force  of,  17. 
—  Relation  to  Heat,  22. 

and  Affinity,  262. 

Colours,  Prismatic,  47. 
i—  of  Natural  Bodies,  50. 
Cold  by  Liquefaction,  113. 
Classification  of  Bodies,  386. 
Columbine,  1027. 
Colchicine,  1069. 
Colouring  Matters,  1035. 
Colophony,  967. 
Combustion,  Slow,  281. 
■  Theories  of,  296. 

Combinatioii,  Laws  of,  329. 
Conduction  of  Heat,  144. 

of  Electricity,  175. 

and  Induction,  200. 

Communication  of  Motion,' 381. 
Constant  BaUery,  222. 
Contact,  Actions  by,  381. 
Contagion,  1185. 
Cooling  of  Bodies,M65. 
Cohunbium,  616. 

Salts  of.  744. 

Concine,  1075. 
Copiuva  Resin,  969. 
Oil  of,  963. 


Copal  Resin,  9C9. 
Copper,  641. 

Oxides  of,  643. 

Sulphurets  of,  645. 

Alloys  of,  647. 

Salts  of,  751. 

Pyrites,  641. 

Ammonia,  Salts  of,  833. 

Com  Oil,  947. 
Constitution  of  Salts,  685. 
Cream,  1178. 
Crotonine,  989. 
Cryophorus,  134. 
Crystallization,  24. 
Crystalline  Forms,  29. 
Crystals.  Systems  of,  30. 

Polarization  by,  53. 

Mackled,  55. 

Plagihedral,  59. 

Isomorphous,  359. 

Dimorphous,  369. 

Plesiomorphous,  365. 

Currents  Galvanic,  206,  318. 
Cupellation,  656. 
Cumen,  962. 
Cusparine,  1027. 
Curcumine,  1040. 
Cubebs,  Oil  of,  963. 

Camphor,  966. 

Cumen,  Oil  of,  962. 
Cuttle  Fish  Ink,  1 180.    . 
Cyanol,  1104. 
Cyanogen,  851. 

Compounds  with  Oxygen, 

853. 

Chlorides  of,  862. 

Iodides  of,  862. 

Sulphuret  of,  871. 

Cyanamelide,  854. 
Cyanide  of  Hydrogen,  857. 

Potassium,  862. 

Mercury,  863. 

Iron,  865. 


Cyanides,  Complex,  870. 
Cymen,  962. 
Curd.  1178. 
Cuticle,  1139. 
Cystic  Oxide,  1177. 

D. 

Daguerrotype  Images,  282. 

Daturine,  1074. 

Definite  Proportions,  329. 

Delianescence,  415. 

Delphinine,  (Fat),  Delphinone,  987. 

Delphinine,  (Alkaloid),  1067. 

Destructive  Distillation,  1087. 

Detonating  Silver,  855. 
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Detonating  Mercury,  856. 

Powder,  696. 

Dextrine,  881. 
Dew,  Nature  of,  167. 
Diamond,  788. 
Diastase,  1106. 
Dichroism,  50. 
Diabetes,  Blood  in,  1 150. 

Urine  in,  1 174. 

Differential  Thermometer,  78. 
Digestion,  1154. 
Digestive  Principle,  1156. 
Diffusion  of  Gases,  433. 
Dimorphous  Bodies,  26. 
Dimorphism,  369. 
Dipi^es'  Animal  Oil,  1104. 
Distillation,  129. 
Distilling  Apparatus,  900. 
Disinfecting  Liquor,  703. 
Divisibility  of  Wlatter,  12. 
Divellent  Affinities,  258. 
Double  Decomposition,  257. 
Double  Refraction,  45. 

Salts,  680. 

Dri^on's  Blood,  969. 
Dyemg  Substances,  1035. 

TheoiT  of,  1053. 

Dynamic  Electricity,  204. 

E. 

Ear-wax,  1181. 
Earths,  Proper,  539. 

Alkaline,  539. 

Earthenware,  727. 
Eblanine,  1090. 
Ebullition,  129. 
Efflorescence,  415. 
Eggs,  Composition  of,  1180. 
Eleen,  983. 
Elaidine,  980. 
Elaidates,  981. 
Elecampane  Camphor,  966. 
Elaoptens,  961. 
Elaterine,  1027. 
Elasticity  of  Gases,  19. 

. Vapours,  122. 

and  Affimty,  271. 

Elayl,  918. 

Elective  Decomposition,  254. 

Electricity,  Nature  of,  171. 

Statical,  172. 

Animal,  205,  225. 

« Dynamic,  204. 

. of  the  Air,  202. 

. Theories  of,  183. 

•  Positive  and  Negative,  185. 

' Distribution  of,  177. 

Interference  of,  181. 


Electricity,  Velocity  of,  176. 
Electrical  Conductors,  174. 
Electrical  Attraction,  180. 

Machines,  187. 

Balance,  182. 

Induction,  190. 

Battery,  195. 


Electrics  and  Non-electrics,  173. 
Electrometer,  188. 
Electro-magnetism,  234. 
Electrophorus,  196. 
Electroscope,  179. 
Electrotype,  212. 
Electro-chemical  Theories,  301. 

of  Ampere,  305. 

Berzelius,  307. 

■  Becquerel,  326. 

Davy,  304. 

Faraday,  313. 

Graham,  317. 

Kane,  323. 

■  Decomposition,  309. 
Electrolysis  and  Electrodes,  313. 
Elemi,  969. 

Elements,  Nature  of,  2. 

Classification  of,  386. 

Emetine,  1070. 

Epsom  Salt,  714. 

Equivalent  Decomposition,  334. 

Electro-chemical,  315. 

Chemical,  331. 


Erythrolein.  Ervthrolitmine,  1050. 
EiTthrine.  Erythryline,  1049. 
EiTthrogen,  1161. 
Essential  Oils,  Acid,  950. 
Neutral,  961. 


Essences,  949. 

Ethal,  992. 

Ether,  Luminiferous,  60. 

Sulphuric,  900. 

Etherene,  918. 

Etherine.  Etherol,  909. 

Ethereum,  906. 

Ethyl,  944. 

Ethchloryl,  945. 

Ethers,  Theory  of  the,  943. 

Acetic,  934. 

.»—  Camphoric,  965. 

Carbonic,  914. 

...-^  Chloro-carbonic,  915. 
...-.  Cinnamic,  957. 

Cyanuric,  914. 

Elaidic,  981. 

Hydriodic,  911. 

Hydro-bromic,  911. 

Hydro  sulphuric,  91. 

_-.  Hydro-chloric,  910. 
■  ,  ■  Hydro-cyanic,  913. 
~^  Hyponitrous,  91 2« 
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Ethers,  Made,  916. 

Mrrittic,  966. 

Oleic  978. 

Oxalic,  915. 

Palmitic,  965. 

Sulpho-carbooic,  916. 

Sulphuric*  True,  906. 

Stearic,  975. 

Xanthic,  916. 

Solpho-cyanic,  914. 

Suberic,  979. 

Ethyl,  Sulphurets  of,  912. 

Chloride  of,  910. 

Iodide  of,  911. 

Eudiometer,  Use  of  the,  496. 

of  Davy  aod  Scheele»  428. 

of  Volta,405. 

Ure,  429. 

Brunner,  490. 

Euphorbium,  909. 
Ev^ioration,  121. 

"     DtaoeooB,  196. 


>  apom 
C^ld 


Id  by,  134. 


ExcttatioD,  Electrical,  ITS. 
Expansion  by  Heat,  67* 

of  Gases,  88. 

I  Liquids,  89. 

Solids,  98. 

Extractive  Matter,  1038. 
~.^—  Animal,  1138. 
Eye,  Humours  of  the,  1181. 
Blaek  Pigment  of  the  1180. 

F. 

Fallowii^,  Theory  of.  1123. 
Fats  of  the  Brain,  1137. 
Fatty  Bodies,  971. 
Feathers,  1139. 
Fennell,  OU  of,  961. 

Camphor,  966. 

Fermentation,  Acetic,  925. 

Alcoholic,  895. 

Putrefactive,  1 182. 

Saccharine,  877. 

Ferrocyanide  of  Hydrogen,  865. 

Iron,  867. 

Potassium,  Q66. 

Ferridcyanide  of  Potassium,  868. 
Ferro-cyanogen,  869. 
Fibre,  Ligneous,  879. 
Fibrine,  1127. 

State  of,  in  the  Blood,  1145. 

Fire  Damp,  938. 

Fixed  Oils,  971. 

Flashing,  656. 

Flame,  Constitution  of,  289 . 

Flesh,  Muscular,  1141. 

Flints,  524, 


Flints,  Liquor  of,  719. 
Flowers,  Colours  of,  1052. 
Fluidity,  109. 
Fluoborates,  533. 
Fluorine,  521. 
Fluoride  of  Aluminum,  716. 

Boron,  533. 

Caldum,  707. 

Hydrogen,  522. 

Phosphorus,  524. 

Potassium,  693. 

Silicon,  528. 


Fluo^icate  of  Potash,  693. 
Fluor  Spar,  707. 
Flux,  White  and  Black,  546. 
Freezing  Mixtures,  114. 
Formyl,  Compounds  of,  1096. 
Formiate  of  Copper,  1096. 

Barytes,  1095. 

Lead,  1096. 

■      Mercury,  1096. 
Soda,  1095. 


Fossil  Copal,  969. 
Frost,  Nature  of,  167. 
Fulminating  Silw,  856. 
Fulminates,  855. 
Furnace,  Reverberatory,  546. 
Fusion.  Liquefaction,  109. 
Watery,  415. 


Galena,  651. 

Galvanic  Electricity,  206. 

Circles,  206. 

Intensity,  214 


Galvanism,  Chemical  Theories  of, 
210. 
Contact  Theory  of,  217. 


Galvanic  Batteries,  Common,  219. 
Constant,  222. 


Galvanism,  Discovery  of,  225. 

Galvanoscope,  238,  315. 

Gallates,1011. 

Gamboge,  969. 

Gases,    Conduction  of  Heat   by, 

148. 
Correction  for  Moisture  of 

137. 

Temperature,  86. 

Pressure,  20. 

Difiusion  of,  432. 

Expansion  of,  88. 

Relation  to  Viqpours,   142. 

Spedfic  Gravity  of,  5. 

Heat  of,  107. 


.  Liquefaction  of,  21. 


Gasometers,  892. 

Gases,  Absorption  by  Water,  414. 
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Gases,  Absorption  by  Charcoal,  794. 

Mode  of  drying,  528. 

Galbanum,  969. 
Gastric  Juice,  1155. 
Gelatine,  1133. 

-Sugar  of,  1134. 

Germination,  1106. 
Glass,  Composition  of,  719. 

Manufacture  of,  721. 

— i —  Annealing  of,  725. 
of  Antimony,  683. 

Expansion  of,  95. 

Glauber's  Salt,  701. 
Glucinum.  Glucina,  573. 
Glucose,  885. 
Glaucine,  1077. 
Gluten,  892. 
Glycerine,  873. 
GlycYPrhizine,  891. 
Gold^  664. 

Oxides  of,  666. 

Salts  of,  767. 

Double  Chlorides  of,  768. 

Ammonia  Chloride,  846. 

Fulminating,  841. 

Mosaic,  608. 

Golden  Sulphuret  of  Antimony,  637* 
Goniometers,  40. 
GoutY  Concretions,  1175. 
Graphite,  789. 
Grape  Sugar,  885. 
Gravity,  Nature  of,  4. 
-^~.  Specific,  of  Gases,  5. 
.  Liquids,  6. 

Vapours,  9. 

Solids,7. 

Green,  Brunswick,  752. 

-  Emerald,  754. 

Mineral,  813. 

Scheele's,  754. 

Growth  of  Plants,  1107- 
Guiacum,  969. 

Gum,  880. 

British,  877- 

Resins,  968. 

Gunpowder,  696. 
Gypsum,  708. 

H. 

Hair,  Horn,  1140. 
Haloid  Salts,  678. 
Hartshorn,  Spirits  of,  824,  848. 
Heat,  Repulsive  Power  of,  68. 

Measure  of,  70. 

Specific  of  Solids,  98. 

Gases,  107. 

, of  Atoms,  103. 


Heat,  Latent  of  Vapours,  il9. 

Transmission  of,  143. 

Heat,  Conduction  of  by  Gases  1. 

Liquids,  147. 

SoUds,  144. 


.Evolution  of,  298. 

Latent  of  Liquids,  109. 


Radiation  of,  149. 

Reflection  and  Absorption  of, 

157. 

Polarization  of,  161. 

Relation  of,  to  Light,  163. 

Interference  of,  161. 

Theories  of,  164. 

Central,  of  the  Earth,  169. 

Sources  of,  169. 

of  Liquefaction,  110. 

-^~.  Latent  and  sensible  constant, 
133. 

Heavy  Spar,  560. 

Hematosme,  1146. 

Hematoxylin,  1038. 

Hematite,  593. 

Hepar  Sulphuris,  554. 

Honey,  885. 

Honeystone,  820. 

Hydrates,  416. 

Hydrogen,  398. 

Hydrogen,  Oxide  of,  410. 

Peroxide  of,  419. 

Amidide  of,  827. 

Sulphuretted,  475. 

Seleniuretted,  481. 

Phosphuretted,  488. 

Arseniuretted,  621. 

Antimoniuretted,  637. 

Hydriodic  Acid,  513. 

Hydriodate  of  Phosphuretted  Hy- 
drogen, 516. 

Hydrobromic  Add,  519. 

Hydro-chloric  Acid,  500. 

Hydro-cyanic  Acid,  857. 

Hydro-fluoric  Acid,  ^22. 

Hydro-fiuosilicic  Acid,  529. 

Hydro-mellonic  Add,  873. 

Hydrogen,  Carburet  of,  Faraday's, 
1102. 

Metallic  Nature  of,  409. 

Salts  of,  683. 

Hydroxygen  Blowpipe,  407. 

Hydrogen  Harmonicon,  408. 

Hydruretof  Arsenic,  621. 

Hygrometry,  427. 

Hygrometers,  138. 

Hydro-benzamide,  955. 

Hydro-oscyamine,  1074. 

Hydro-sul^huret  of  Ammonia,  846. 

Hypochlorite  of  Lime,  709. 

■ Potash,  697. 

Soda,  703. 

Hyponitrite  of  Potash,  447. 

Silver,  760. 
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Hypomilpliite  of  Silver,  759. 
of  Soda,  702. 


IdrUlme,  1066. 
Incipient  Allmmen,  1161. 
In^go,  Bhie,  1042. 

¥niite,  1043. 

Sulphates  of,  1044. 

with  Chlorine,  1046. 

Indigwene,  1043. 

Indigo  Beth,  1044. 

IndiKtion,  Electric,  190. 

IndnctiTe  Cepecity,  19S. 

Indoctometer,  196. 

Indoction,  Magneto-electric,  239. 

Infection,  1185. 

Innline,  878. 

Ink,  1009. 

iMololHUty,  261. 

Inimlfiti"".  174. 

InteHerence  of  Heat,  161. 

Light,  61. 

Electricity,  181. 

lodate  of  Potash,  699. 

Arsenic,  746. 

■■II         Copper,  752. 

Gold,  768. 

■■II  Hydrogen,  513. 

Iron,  732. 

Lead,  755. 

..^-^^  Mercury,  764. 

Palladiom,  769. 

Platinum,  770. 

Potassium,  691. 

Silrer,  759. 


—i^  Sulphur,  515. 
■  Cyanogen,  862. 

Ainidc^pen,  829. 

Iodine^  508. 

_  Componnds  of,  511. 
I^  cuanna,  1070. 
Indium,  671. 

Salts  of.  770. 

Iris  Florentina  Caiiq>hor,  966. 
Iron,  585. 

Detection  of,  596. 

Magnetic  Oxide  of,  594. 

MaDesble^  587. 

Oxides  of,  592. 

Passttirity  of,  591. 

—  Smelting  of,  587* 

Sulphurets  of,  595. 

Salts  of,  731. 

Pyrites,  595. 

Isatine,  1045. 
Isomerism,  374. 
Isomorphism,  39, 359. 
Isomorphous  Groups,  363. 


Jalap,  Resin,  939. 
JeUy,  Vegetable,  1018. 

Animal,  1134. 

Jerrin,  1069. 
Jun^,  Oil  of,  963. 


Kalium,  550. 

Racodyl  Compounds,  936. 
Kermes  Mineral,  635. 
AnimaU  1041. 


Kapnomor,  1113. 
Kelp,  809. 
King's  YeUow.  624. 
Kupfer  Nickel,  597. 


Labdanum  Resin,  939. 
Labarraqne,  Liquor  of,  703. 
Lao-sulphuris,  555. 
Lactates,  890. 
Lactine,888. 
Lactucine,  1032. 
Lampblack,  791. 
Lantnannm,  575. 
Lana  Philosophica,  602. 
Lsmp  Aphlogistic,  286. 

Safety,  293. 

Lapis  LazuH,  718. 
Latent  Heat  of  Liquids,  109. 
Vapours,  119. 


Lavoisierian  Nomenclature,  243. 
Laws  of  Combination,  329. 
Lavender,  Oil  of,  961. 
Lead,  648. 

Compounds  of,  650. 

Uses  of,  652. 

Salts  of,  755. 

White,  813. 

Leather,  Manu^Msture  of,  1 135. 
Legumine,  893. 
Leucine,  1134. 
Leucolitmine,  1049. 
Leyden  Jar,  195. 
Lichenine,  878. 
Lichen  Bitter,  1026. 
Lichen  Colours,  1048. 
Lignine,  879. 
Lignite,  1084. 
Light,  42. 
.»—  Composition  of,  47. 

Polarization  of,  51. 

Light,  Wave- Theory  of,  60. 

Chemical  Rays  of,  280. 

Relation  to  Heat,  163. 
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Light,  Interference  of^  61. 
i.-^-.  Influence  on  Affinity^  277* 

Action  on  Vegetation^  1 125. 

Refraction  of,  43. 

.— «  Double  Refraction  of,  45. 
.— «  Absorption  of,  49. 

Action  on  Metallic  Salts^  279. 

Chemical  Rays  of,  281. 

Heating  Rays  of,  162. 

Sources  of,  62. 

Simple  and  Compotmd,  48. 

Lightnings  Nature  of,  202. 
Lime,  563. 

Salts  of,  707. 

Limestone^  564. 

Liquation,  605. 

Liquefaction^  109. 

— —  Cold  produced  by.  111. 

Liquids,  Specific  Gravity  of,  6. 

— —  Expansion  of,  89. 

— —  Conduction  of,  147. 

Liquor  of  Flints,  719. 

Liquorice,  891. 

Litharge,  649. 

Lithium,  558. 

.  Compounds  of,  559. 

Salts  of,  705. 

Litmus,  1050. 
Logwood,  1038. 
Luteoline,  1039. 
Lymph,  1161. 

M. 

Machines,  Electrical,  186. 
Mackled  Crystals,  55. 
Madder,  Colouring  Bodies  of,  1035. 
Magnesium,  568. 

Compounds  of,  569. 

Salts  of,  714. 

Magnesian  Limestone,  812. 
Magnetism,  230. 
Magnetic  Attraction,  232. 
Magneto-electricity,  239. 
Maffnets,  Nature  of,  233. 
Malaria,  1185. 
Malates,  1004. 
Malachite,  8ia 
Malting,  1106. 
Manganese,  575. 

Oxide  of,  577. 

Sulphurets  of,  585. 

Valuation  of,  580. 

Salts  of,  730. 

Mannite,  889. 

Margarine.  Margaron,  975. 
Margarates,  976. 
Manures,  Organic,  1122. 
Mineral,  1181. 


Marsh  Gas,  938. 
Mariotte,  Law  of,  19. 
Marjoram,  Oil  of,  961. 
Mastic,  939. 
Massicot,  649. 
Matter,  Divisibility  of,  12. 
Constitution  of,  15. 


Meconates,  1028. 
Meconine,  1006. 
Membrane,  Cellular,  1140. 
Menthene,  966. 
Mercury,  660. 

Oxides  of,  662. 

Detection  of,  664. 

Salts  of,  761. 

Ammon  ia-chlorides,  836. 

Ammonia  Nitrates,  839. 

Mercurial  Preparations,  664. 
Mercury,  Fulminating,  856. 
Detonating,  830. 


Mesit,  1090. 
Mesitylene,  935. 
Mesitic  Ether,  935. 
Melam,  873. 
Melamine,  874. 
Mellates,  820. 
Mercaptan,  91 1 . 
Menispermine,  1076. 
Metals,  Properties  of,  534. 


:en,536. 


Classification  of,  537. 

_  Noble  and  Imperfect,  538. 

Natural  State  of,  541. 

Reduction  of  Ores  of,  542. 

Alkaline  and  Earthy,  539. 

Conduction  of  Heat  by,  145. 

Electricity,  175. 


Metal  Gun,  647. 
-^—  Speculum,  647. 

Bell,  647. 

Meteoric  Stones,  586. 
Methylic  Alcohol,  1090. 
Ether,   1091. 


Methyl,  Salts  of,  1092. 
Methylal,  1093. 
Metacetone,  885. 
Milk,  Composition  of,  1 177. 

Sugar  of,  888. 

Miasm,  1185. 

Mindererus,  Spirit  of,  934. 
Mineral  Chameleon,  583. 
Kermes,  635. 


Minium,  650. 
Molybdenum,  613. 

Salts  of,  744. 


Molybdates,  614. 

Molecular  Decomposition,  310. 

Constitution,  352. 
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Molecular  GrouM^  358. 

Cohesion,  IS. 

Electrical  Arranrenient«  316. 

Mordants,  Action  of,  1055. 
Morphia,  KKiO. 

Salte  oU  1062. 

Motine,  1040. 
Mosaic  Gold,  607. 
Mucus,  1154 
Mulberry  Calculus  1176. 
Multiple  Proportions,  338. 
Murexan,  1172. 
Murexid,  1171. 
Muriatic  Acid,  500. 
Muriates  of  Metallic  Oxides,  681. 
Muriate  of  Ammonia,  845. 
'      Cincbonine,  1059. 
■  Morphia,  1062. 
Quinine,  1057. 


-  Strychnine, 
lar  Tissue.  11 


1066. 


Muscular  1  issue,  1141. 
MusUrd,  Essential  Oil  of,  960. 
Mushroom  Sugar,  889. 
Myracine,  993. 
Myristicine,  986. 
Myriospennine,  957. 

N. 

Nails  of  Animals,  1 139. 
Naptha,  Coal  Gas,  IIOI. 

or  Petroleum,  1087. 

Napthaline,  1098. 

Compounds  0^1099. 


Napthalic  Add,  1100. 
Nitro-naptbalese,  1099. 
Narceine,  1064 
Narcotine,  1063. 
Natrium.  Natron,  557- 
Neutral  Salts,  676. 
Neutralization  of  Affinities,  264. 
Nickel,  597. 

Compounds  o(  598. 

Salts  of,  735. 

Ammonia  Salts  of,  834 

NicoUn,  1076. 
Nitrate  of  Ammonia,  847. 
.  Barytes,  706. 


.  Brucine,  1065. 
.  Copper,  753. 
.  Bismuth,  758. 

-  Lead,  756. 
.  Iron,  734 

-  Mag^nesia,715. 

-  Lime,  709. 

-  Mercury,  766. 

.  Palladium,  769. 

-  Potash,  695. 

-  Soda,  702. 


Nitrate  of  Strychnia,  1067. 

Silver,  760. 

Zinc,  739. 

Water,  454. 


Nitre,  695. 

Nitrite  of  Lead,  756. 

Nitrogen,  422. 

Properties  of,  424 

Oxides  of,  441. 

Chloride  of,  829. 

Iodide  o(  829. 


Nitric  Oxide,  444 
Nitrous  Oxide,44I. 
Nitruret  of  Mercury,  837. 

Copper,  830. 

Chrome,  830. 


Non.electrics  and  Electrics,  174. 
Nomenclature,  241. 
Nutmeg-butter,  986. 


Oblique  Prismatic  System,  35. 
Oil,  Dippers  Animal,  1 104. 

of  Vitriol,  46a 

of  Wine,  908. 

Potato-spirit,  947. 

of  Hartshorn,  1104. 

Corn,  947. 

of  Turpentine,  96a 

Oils,  Fixed,  971. 

Essential,  Acid,  749. 

Essential,  Neutral,  761. 

Ointment,  Citrine,  980. 
defiant  Gas,  917. 
Oleine,  977. 
Oleates,  97a 
Olein,  983. 
Olibanum  Ream,  939. 
Oil  o(  961. 


Olivin,  1021. 

Ologist  Iron,  592. 

Opium,  Constituents  o^  1060. 

Organic  Analysis,  795. 

Bodies,  772. 

Radicals,  778. 


.  Types,  783. 
[zedBodi< 


Organized  Bodies,  774. 
Orcine.   Orceine,  1048. 
Orelline,  1040. 
Optic  Axes  of  Crystals,  46. 
Opoponax  Resin,  939. 
Orpiment,  623. 
Osmium,  615, 

Oxides  of,  615. 

Salts  of,  744. 

Oxalates  of  Ammonia,  850. 

Lime,  817. 

Potash,  8  J  7. 
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Oxalates  of  Potash  and  Iron,  817. 

Chrome,  817. 

Copper,  818. 

Silver,  817. 

Oxides  of  AluiDinum,  571. 
'  Ammonium,  843. 

Antimony,  638. 

Arsenic,  619. 

Bismuth,  654. 

Barium,  560. 

Cadmium,  604. 

Calcium,  565. 

Cystic,  1177. 

Chrome,  609. 

Cobalt,  600. 

Copper,  643. 

Carbon,  819. 

Cerium,  575. 

Ethyl,  906. 

Glucinum,  573. 

Iron,  592. 

Lead,  649. 

Lithium,  558. 

■       Manganese,  577. 

Methyl,  1091. 

Mercunr,  662. 

Molybdenum,  614. 

Nickel,  598. 

■  Nitrogen,  441 . 

Osmium,  615. 

Palladium,  667. 

Phosphorus,  482. 

Platinum,  670. 

Potassium,  550. . 

Iridium,  672. 

Gold,  665. 

Rhodium,  673. 

Silver,  657. 

Sodium,  557. 

Strontium,  562. 

Tin,  606. 

Titanium,  617. 

Thorium,  574. 

Tungsten,  613. 

Uranium,  641. 

Uric,  1177. 

Vanadium,  612. 

Xanthic,  1177. 

Yttrium,  574. 

Zinc,  602. 

Zirconium,  574. 

Hydrogen,  410. 

Chlorine,  495. 

— —  Magnesium,  569. 
Oxygen,  390. 

Preparation  of,  392. 

Properties  of,  3%. 

-^— •  Consumed  by  Animals,  1151. 


Evolved  by  Plants,  1108. 


Oxygen  of  the  Atmosphere,  431. 
Oxy hydrogen  Blowpipe,  407. 
Oxyphorus,  669. 
Oxamethylane,  1093. 
Oxamethane,  915. 
Oxamide,  850. 
Oxy-chloride  of  Calcium,  707. 

-.  Chrome,  742. 

Antimony,  749. 

Copper,  752. 

Bismuth,  757. 

Lead,  755. 

Mercury,  762. 

Palladium,  769. 


Oxy-cyanide  of  Mercury,  864. 
Oxy.protein,  1133. 
Ozocherite,  1086. 


Palladium,  667. 

Compounds  of,  668. 

Salts  of,  769. 

Ammonia,  Salts  of,  835. 

•  Cyanide  of,  865. 


Palmine,  9^. 
Palmitine,  985. 
Pancreatic  Juice,  1157. 
Paraffine,  1086. 
Para-cyanogen,  853. 
Para-napthaline,  1100. 
Parsely  Camphor,  963. 
Oil  of,  966. 


Pasto-Resin,  969. 
Peariashes,  806. 
Pectine,  1018. 
Pennyroyal,  Oil  of,  961. 
Peppermint  Oil  of,  561. 

Camphor,  966. 


Peudecanine,  1(«9. 
Perchlorates,499. 

of  Potash,  699. 


Periodates,511. 
Permanganates,  584. 
Peruvine,  957. 
Petroleum,  1087. 
Pewter,  652. 

Phenyl,  Hydrate  of,  1101. 
Phloretin.   Phloridzein,  1022. 
Phloridzine,  102L 
Phosphates  of  Ammonia,  848. 

of  Ammon.and  Magnes.848. 

Ammonia  and  Soda,  848. 

Cobalt,  736. 

Copper,  754. 

Iron,  736 

Lime,  709. 

Soda,  70a 

Silver,  761. 
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Phospbitet  of  Water,  •«». 

Alumina,  7 IB. 

Pbotphates  in  tlie  Urine,  1175. 
Pbotphatic  Calcali,  U76. 
Phoapburet  of  Azote,  831. 

1 Metallic,  540. 

.  of  Hydrogen,  488. 

Phoaphitea,  485. 
Pho^onts,  480. 

Compoanda  o(  482. 

Phoaphoreacence,  63. 
Pboaphnretted  Fata,  1 137. 
Pbotognphj,  279. 
Piccamar,  1103. 
Picrotozine,  1026. 
Piperine,  1025. 
Pittaeal,  1103. 
Plagihedral  Crjttah,  59. 
Plants.  Dieeation  of,  1 1 10. 

Fo6dof,1107. 

Germination  of,  1106. 

Aahcao(;ill6. 

Growth  of,  1118. 

Plaster  of  Paria,  708. 
Plaatera,  989. 
Pladnnm,  668. 

Gas  Lamp,  2B8. 

.        Spongy,  669. 

Oxidea,  &c,  of,  670. 

Salta  0^769. 


Ammonia,  Salta  of,  834 
Fulminating,  830. 


Pleaiomorphism,  365. 
Plumbago,  789. 
Polarization  of  Heat,  161. 

Ligbt,5l. 

Circular,  58. 

Populin,  1029. 
Polycbrome,  1028. 
Polybasic  Acid^  679. 
Porcelain,  Nature  of,  719. 

Manufacture  of,  728. 

Potasbes,  806. 
PoUflh,  550. 

^  Hydrate  oi;  552. 

Potassium,  548. 

Ozides  of,  550. 

Sttlpbnrets  of,  554 

. Salts  0^691. 

Amidide,  828. 

Cyanide,  862. 

_  Ferro-cvanide,  866. 

Potato- starch,  87b. 
Precipiute,  Black,  837. 

_-- Red,  662. 

- White,  836. 

Pressure  on  Gases,  Law  o^  19. 
__^—^— Vapours,  126. 
Prismatic  Colours,  47. 


Prime  Conductor,  191. 
Proof-spirit,  897. 
Prussian  Blue,  867. 
Prussiate  of  Potash,  Yellow,  866. 
Red,  868. 


Prussioe,  870. 
Prussic  Acid,  857. 

■  Preparation  of^  858. 

Valuation  of,  860. 

Detection  of,  861. 


Protein,  1131. 
Pseudomorphine,  1065. 
Pseudomorphism,  37* 
Pteleyl  Compounds,  936. 
Puddling,  5&. 
Pus,  1181. 
Putre&ction,  1182. 
Purpuratea,  1172. 
Putty,  607. 
Pyritea,  Copper,  641. 
Iron,  595. 


Pyro-acetic  Spirit,  934 
Pyrometer,  Danieirs,80. 

Expansion  in,  94 


Pyro-catechine,  1015. 
Pyrogenic  Bodiea,  1087. 
PyroxvUc  Spirit,  1089. 
Pyropboms,  554 
Pyrolusite,  579. 

Q. 

Quantity,  Influence  o^  on  Affinity, 

275. 
Quartz,  525. 
Quartation,  665. 
Quassine,  1029 
Quercitrine,  1038. 
Quicksilver,  660. 
Quinine,  1056. 


Racemates,  1000. 
Radiation  of  Heat,  150. 

of  Ligbt,  42. 

Radical  of  the  Seed,  1105. 
Radicals,  Compound,  778. 

Nature  of,  378. 

Realgar,  623. 
Red  Lead,  650. 

Precipitate,  662. 

Cinchona,  1015. 

Colouring  Matters,  1035. 

Reduction  of  Metallic  Oxides,  542w 

Sulpburets,  543. 

Arseniurets,545 


Reflection  of  Heat,  153. 
light,  42. 
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Refraction  of  Heat,  160. 

Single,  43. 

Double,  45. 

Regular  System,  31. 
Rennet,  1179. 
Resins,  967. 

Distillation  of,  1 102. 

Respiration  of  Plants,  1108. 

Animals,  1151. 

Retisteren.  -Retinol,  1102. 
Rhein,  1034. 

Rhombohedral  Crystals,  32. 
Rhodium,  672. 

Salts  of.  771. 

Rhodizonatcs,  820. 
Ricinostearine.   Ricine,  988. 
Ripening  of  Fruits,  1111. 
Rocbelle  Salt,  966. 
Rosemary,  Oil  of,  961. 
Rose,  Otto  of,  966. 
Rotation  of  Crops,  1121. 
Rouge,  1038. 
Rutile,  617. 
Rutilin.   Rufin,  1021. 
Rue,  Oil  of,  961. 


Sabadilline,  1069. 
Saccharine  Fermentation,  885. 
Sacchulmine,  884. 
Saccharohumine,  1080. 
Safety  Lamp,  293. 
Safflower,  Red,  1038. 
Sago,  876. 
Salop,  881. 
Sal-ammoniac,  845. 
Salicine,  1019. 
Salicyl  Compounds,  959. 
Saliretine,  1020. 
Saliva,  1156. 
Salivary  Matter,  1157. 
Sagapanura,  969. 
Salt,  Common,  699. 

Glauber's,  701. 

Epsom,  714. 

Microcosm ic,  848. 

Petre,  695. 

Rochelle,  966. 

Spirits  of,  600. 

ofSorrell,817. 

of  Lemons,  818. 

Salt  Radicals,  689. 

Salts,  Constitution  of,  683. 

Classes  of,  676. 

Polybasic,679. 

Double,  680. 

Water  in,  415. 

Crystallization  of,  27. 


Salts,  Isomorphism  of,  359. 

Solubility  of,  22. 

Salts  of  Alumina,  715. 

Ammonia,  832. 

Antimony,  748. 

Arsenic,  745. 

Barium,  705. 

Bismuth,  757. 

Rrucine,  1067. 

Calcium,  707. 

Cadmium,  739. 

Cinchonine,  1059. 

■  Cobalt,  736. 
Chrome,  741. 


.  Copper,  751. 
•  Iriuiu 


lium,  771. 

Iron,  731. 

Lead,  755. 

— —  Magnesium,  714. 

Manganese,  730. 

Mercury,  761. 

Morphia,  1062. 

Molybdenum,  774 

Nickel,  735. 

— —  Osmium,  745. 

Narcotine,  1064. 

Gold,  767. 

Palladium,  769. 

Platinum,  770. 

Quinine,  1057. 

Rhodium,  771. 

— — ^—  Potassium,  691. 

Silver,  758. 

Sodium,  699. 

Strontium,  706. 

Strychnine,  1066. 

Tin,  739. 

Zinc,  737. 

Santaline,  1038. 
Sandarach,  969. 
Santonine,  1029. 
Saponine,  1030. 
Saponifiable  Fats,  971. 
Savine,  Oil  of,  963. 
Saxon  Blue,  1045. 
Scammony  Resin,  969. 
Scillitine,  1030. 

Sea  Water,  Composition  of,  700. 
Secretions  of  Plants,  1110. 
of  Animals,  1126. 


Sediments  in  Urine,  11 7A. 
Selenite,  708. 
Selenium,  478. 

Compounds  of,  479. 


Senegin,  laSL 
Serous  Tissues,  1140. 

Secretion,  1141. 


Serum  of  the  Blood,  1144. 
Serolin,  1146. 


r 
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Shells  Campodtion  of»  1143. 

Silica,  5:25. 

Silicate  of  Alamina,  718^ 

Cobilt,737. 

PoUibp  699. 

Soda,  705. 

Silicon,  524. 

— Chloride  of,  527. 

Flaoride  o(  528. 

Silver,  655. 

Oxidetof,657. 

SulpbiireU  of,  658. 

Salt!  of,  758. 

Ammonii,  Salto  of,  834. 

I  Cyanide  o4  865. 

Sinapiaine,  690. 
Simple  Bodiea,  2. 

1 Table  ot242L 

Skin,  Nature  0^1139. 
Slaked  Lime,  565. 
SlagaorScori«,545. 
Smalta,  737. 
Smtlacine,  1031. 
Soap,  Mana&dure  o4  989. 
Soda,  557. 

Detection  o(  558. 

Soctium,  556. 

Salt8ot699. 

Soda.aah,  808. 

Solanine,  1070. 

Solids,  Specific  Gravity  of,  7. 

— ^  Expansion  of,  93. 

«_  Condaction  of  Heat  by,  144. 

Solder,  652. 

Solubility,  23L 

Solution,  Phenomena  o^  23. 

. like  Vaporization,  140. 

Sources  of  Heat,  169. 

of  Light,  63. 

of  Electricity,  203. 

Spar.calc,811. 

Fluor,  70a 

. Heavy,  705. 

Special  Heat,  116. 

Specific  Gravity  of  Gases,  5. 

^  — —^^  Liquids,  6. 

. SoUds,7. 

. Vapours,  9. 

Specific  Heat,  98. 
Spearmint,  Oil  of,  961. 
Spectrum,  Prismatic,  47. 
Speias,  597. 
Spinea,Oilof,958. 
Spermaceti,  991. 
Speculum  Metal,  647. 
Spectrum,  Luminous,  49. 

Chemical,  280. 

Spirit  of  Wine,  897. 
Salts,  500. 


Spirit  of  Hartshorn,  1101 

Minderems,  934. 

Pyroxylic,  1089. 

Pyro-acctic,  934. 

Sterch,  875. 

Steam,  Motive  Force  of,  141. 

Latent  Heat  of,  119. 

Ebisticity  o^  123. 

— ^—  Compreaied^  128. 
Stearine,  97^. 
Stearates,  974. 
Stearoptens,  961. 
Steel,  589. 
Stibium,  631. 
Strontium,  562. 

Oxides  of,  563L 

Salts  of,  706. 


Strychnine,  1065. 
Suberine,  979. 
Suberon,  980. 
Snocinates,  970. 
Soccinon,  970. 
Sugar-Cane,  882. 

of  Grapes,  885. 

Milk,  88a 


Mushrooms,  889. 

SUrch,  885. 

Gelatine,  1134. 

Lead,  931. 

Liquorice,  891. 
Sulphates  of  Alumina,  716. 

Ammonia,  847. 

Barytes,  705. 

Bismuth,  758. 

Cinchonine,  1059. 

Cobalt,  73a 

Copper,  753. 

Chrome,  742. 

Iron,  7^ 

Lead,  755. 


■  Lime,  708. 

■  Magnesia,  714. 


Manganese,  730. 
.  Mercury,  766. 
.  Morphia,  1062. 
.  Nickel,  736. 
.  Palladium,  769. 
.  Quinine,  1057. 
-Potash,  693. 
.  Silver,  759. 
.  Soda,  701. 
.  Strontium,  706. 
■  Strychnia,  1066. 
.  Tin,  740. 

Zinc,  738. 


Sulphites,  462. 
Sulpho-cyanides,  872. 
SulphO'C^anogen,  871. 
Salpho-smapisine,  960. 
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Sulpho-methylan,  1092. 
Sulphur,  458. 

Analogy  with  Oxygen,  461. 

—  Oxygen,  Compounds  of,  474. 
Sulphurets  of  Aluminum,  573. 
-^— — — .  Ammonium,  846. 

Antimony,  634. 

— : Arsenic,  623. 

—  Barium,  561. 

Bismuth,  654. 

Cadmium,  604. 

— —  Calcium,  567. 

Chrome,  61 1. 

Cobalt,  601. 

Copper,  645. 

Carbon,  821. 

Ethyl,  911. 

Gold,  666. 

Iron,  595. 

Lead,  £51. 

Magnesium,  570. 

Manganese,  585. 

Mercury,  663. 

Methyl,  1092. 


-  Molybdenum,  614. 
.Nickel,  599. 

.  Nitrogen,  831. 
.  Palladium,  668. 

-  Platinum,  670. 

■  Phosphorus,  490. 
.  Potassium,  553. 
.  Silver,  658. 
.  Selenium,  480. 
.  Sodium,  558. 
.  Strontium,  563. 
.  Tin,  608. 
.  Zinc,  603. 
.  Hydrogen,  475. 


Sulphuric  Ether,  900. 
Sulphur  Salts,  681. 
Sweat,  1140. 
Synthesis^  Nature  of,  2. 
Synthetic  Action  of  Galvanism,  320. 
Systems  of  Crystallization,  30. 


Tallow,  see  Stearine. 

Tannin,  1007. 

Tannates,  1010. 

Tanning  Materials,  Value  of,  1009. 

Art  of,  1135. 

Tantalum,  616. 
Tapioca,  875. 

Tar,  Constituents  of,  1102. 
Tartar,  Cream  of,  995. 

Emetic,  997. 

'  of  Iron,  996. 
Tartrates  of  Potash,  995. 


Tartrates  of  Soda,  996. 
Lime,  996. 


.  Iron,  997. 

.  Antimony,  997. 


Tartralets,  999. 
Teeth,  1143. 
Tellurium,  638. 

Compounds  of,  639. 


Telluret  of  Hydrogen,  640. 

Salts  of,  750. 

Temperature,  Nature  of,  71. 

Balance  of,  165. 

Table  of,  82, 

Tendons,  Composition  of,  1141. 
Terebene,  963. 
Theme,  1024. 
Thebaine,  1064. 
Thermometer,  Nature  of  tlie,  70. 

Kinds  of,  74. 

Thermometric  Scales,  79. 
Thermometer  of  Breguet,  97. 
Differential,  151. 


Tbermo-multij^lier,  229. 
Thermo-electricity,  227. 
Thermo- chemistrv,  295« 
Theory,  Atomic,  ^52. 

Binary  of  Salts,  686. 

of  Compound  Radicals,  777- 

of  Chemical  Types,  783. 

of  Organic  Acids,  780. 

of  Volumes,  347. 

of  the  Ethers,  943. 

of  Ammonia,  827. 

of  Respiration,  1 151. 

Thialol,  912. 
Thorinum,  574. 

Salts  of,  730. 

Tin,  604. 

Grain,  605. 

Oxides  of,  606. 

Stone,  607. 

Sulphurets  of,  608. 

Salts  of,  739. 

Tincal,  704. 
Titanium,  616. 

Compounds  of,  617. 

SalU  of,  750. 

Transfer  of  Elements,  312. 
Treacle,  882. 
Trona,811. 
Transcalescence,  157. 
Tragacanthine,  881 . 
Tungsten,  612. 

Salts  of,  744. 

Turpentine,  967. 

Oil  of,  963.- 

Camphor,  966. 

Turf,  Nature  of,  1082. 
Types,  Chemical,  380,  783. 
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U. 

Ulmine,  from  Soil,  \0^ 

Sugar,  J079. 

Turf,  1083. 

Wood.  1081. 

Ultramarine,  718. 
Uranium,  640. 

Saluof,751. 

Urea,  1163. 

SalUof,  1165. 

Uryl,ll67. 

Uramil.1169. 

Urine  of  Camivora,  1162. 

ofRepUle8,1166. 

Herbivora,1172. 

Diabetic,  1174. 

in  other  Diseases,  1 175. 

Urinary  Sediments,  1176. 
Calculi,  1177. 


Vacuum,  Baromelrtc,  437. 
^-^^  Evaporation  in,  135. 

BoiUng  in,  130. 

Valerian,  Oil  of,  961. 
Valerianic  Aldehyd,  948. 
Valeron,  948. 
Vapours,  latent  Heat  of,  1 19 

Volumes  of,  120. 

Elasticities  of,  122 


Compared  with  Ghises,  142. 

Specific  Gravity  of,  9. 

Vaporisation,  117* 
Vanadium,  611. 

Salts  of,  744. 

Vegetable  Jelly,  1018. 
Vegetation,  Phenomena  of,  1 105. 
Velocity  of  Light,  44. 

Electricity,  176. 

Vegetable  Soil,  Ilia 
Veratrine,  1068. 
Verdigris,  932. 
Vermilion,  663. 
Vegetable  Alkalies,  1056. 

Extracts,  1032. 

— ^-^—  Albumen,  893. 
Vinous  Fermentation,  895. 
Vinegar,  925. 
Vitriol,  Oil  of,  467. 

White,  738. 

Volatile  Alkali,  824. 
Voltaic  Electricity,  205. 

Circles,  213. 

Voltameter,  315. 

Volta*s  Theory  of  Contact,  217- 

Volumes,  Theory  of,  347. 


W. 

Water,  Composition  of,  410. 

Solution  of  Gases  in,  414. 

ofSolidsin,  23. 


Chemical  Properties  of,  415. 

.—  Combinations  of,  416. 

Oxygenated,  419. 

-^— —  Phosphates  of,  485. 
—  Expansion  of,  89. 

Freezing  of,  112. 

Vapour  of,  119. 

Waters,  Mmeral,  4ia 
Sea,  700. 


Wax,  993. 
Wave-Theory  of  Light,  60. 
of  Heat,  163. 


Welding.  588. 
Weld,  1039. 
White  Lead,  8J3. 

Pearl,  757. 

Vitriol,  738. 

Wine,  Oil  of,  908. 
Wood,  Fossil,  1084. 

Rotting  of,  1081. 

Distillation  of,  1087. 

Woody  Fibre,  879,  1109. 
Woad,  1042. 

X. 

Xanthic  Oxide,  1177. 
Xanthopbyll,  1052. 
Xanthorhamnine,  1039. 
Xanthine,  1036. 
Xyloidine,  880. 
Xylit,  1090. 


Yeast,  894. 
Yellow,  King's,  624. 
Chrome,  756. 


Yellow-colouring  Matters,  1039. 
Yellow  Wood,  1040. 
Yttrium,  574. 
Salts  ot  730. 


Z. 

Zaffre,  599. 
Zinc,  601. 

Butter  of,  737. 

Compounds  of,  603. 

Salts  of,  737. 

Blende,  738. 

Zirconium,  574. 
Salts  of,  730. 


THE  END. 
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